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ABSTRACT

A comprehensive Nuclear Plant Aging Research (NPAR) Program was imple-
mented by the U.S. NRC Office of Nuclear Regulatory Research in 1985 to iden-
tify and resolve technical safety issues related to the aging of systems,
structures, and components in operating nuclear power plants. This is Revi-
sion 2 to the Nuclear Plant Aging Research Program Plan. This plan defines
the goals of the program, the current status of research, and summarizes
utilization of the research results in the regulatory process. The plan also
describes major milestones and schedules for coordinating research within the
agency and with organizations and 1nst1tut1ons outside the agency, both
domestic and foreign. .

Current]y, the NPAR Program cbmprises seven major areas: 1) hardware-
oriented engineering research involving components and structures; 2) system-
oriented aging interaction studies; 3) development of technical bases for
license renewal rulemaking; 4) determining risk significance of aging phe-
nomena; 5) development of technical bases for resolving generic safety issues;
6) recommendations for field inspection and maintenance addressing aging con-
cerns; 7) and residual lifetime evaluations of major LWR components and struc-
tures. The NPAR technical database comprises approximately 100 NUREG/CR
reports by June 1991, plus numerous published papers and proceedings that
offer regulators and industry important insights to aging characteristics and
aging management of safety-related equipment. Regulatory applications include
revisions to and development of regulatory guides and technical specifica-
tions; support to resolve generic safety issues; development of codes and
standards; evaluation of diagnostic techniques, (e.g., for cables and valves);
and technical support for development of the license renewal rule.
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~ FOREWORD

The U S. Nuclear Regu]atory Comm1551on s (NRC’ s) hardware-oriented engi-
neering research program for plant’ ag1ng ‘and degradation monitoring of compo--
nents and systems was first discussed in the initial version of the program
plan, NUREG-1144, jssued in July 1985. The program is identified as_the
Nuclear Plant Aging Research (NPAR) Program. - It was stated in the plan that
NUREG-1144 would be a 1iving document ‘to be" revised periodically. The revi-
sions would reflect-the experience gained from-implementing the plan. To be
incorporated were 1) comments received from within the NRC, industrial codes
and standards committees, and -from domestic and foreign organizations and
1nst1tut1ons, 2) research results and experience ga1ned from the utilization
of the plan in the regulatory process. The first revision to the plan,
NUREG- 1144 Rev 1, was 1ssued -in September 1987

The 0ff1ce of Nuc]ear Regu]atory Research (RES) staff, which oversees the
development and implementation of, NUREG-1144, has since received numerous
additional comments and updates on this document from various offices within
the NRC and from individuals, organizations, and institutions outside NRC,
both domestic and foreign. This revision reflects those comments.

The NRC provided p]ann1ng guidance for needed safety research on plant
aging and Ticense renewal in its 1987 Policy and Planning Guidance document
(NUREG-0885, Issue 5).- The Executive Director for Operations (EDO) provided
specific program guidance to the staff for FY 1986 to 1988 planning -and pro-
gram development. The NRC staff provided their comments on the current
research program and needs for additional research and prioritization by
"user-need" letters to RES and through the.Technical Integration Review Group
for Aging and Life Extension (TIRGALEX) review of the NPAR Program. More
recent review and guidance have come from the NPAR Review Group, represented
by staff from the NRC offices and from the Regions; from the Nuclear Safety
Research Review Committee (NSRRC); and from the Advisory Committee on Reactor
Safeguards (ACRS).

This document presents a revised research plan that addresses the iden-
tification and resolution of technical safety issues relevant to plant aging
and license renewal. This document also describes the utilization of results
of aging assessments in the regulatory process and presents the current status
of major program activities and significant accomplishments. Additionally,
this plan describes methods to mitigate the effects of age-related degradation
on electrical and mechanical components and nuclear plant safety systems.
These methods include inspection, diagnostics, condition monitoring, mainte-
nance, trending, and recordkeeping.

In conjunction with related program plans for primary system pressure
boundary components and civil structures, this plan forms the overall frame-
work for NPAR within the Division of Engineering, Office of Nuclear Regulatory
Research of the NRC.
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We welcome comments on this plan and will consider them in developing
subsequent editions of this document. Comments need not be restricted to the
research activities described herein; comments identifying omissions and/or
recommending additional research are also welcome.

s

1t ndra P"VSF;T'NPAR Program Coordinator

% ; aq’wp«i
Milt@n Vagins, éﬂief v
Electrical and Mechanical

Engineering Branch

W«TW

Approved by: L C. Shao, D1rector
Division of Engineering
Office of Nuclear Regulatory Research
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 SUMMARY

The charter of the Nuclear Plant Aging Research (NPAR) Program described
in this plan is to identify and address technical safety issues related to the
aging of electrical-and mechanical components and ‘safety systems and .support
systems in commercial nuclear power plants<(NPPs). ‘The aging term of inter-
est includes the per1od of normallicensed plant operat1on as well ‘as the per-
iod of extended plant operation that may.be requested in: utility applications’
for Ticense renewals.’ The principal goals of the program are to-understand
the effects of age-related degradat1on in NPPs and how to manage and mitigate
them effectively. ‘ } .

The NPAR Program comprises seven maJor ‘areas: 1) hardware-oriented engi-
neering research involving components and structures, 2) system-oriented aging
interaction studies; 3) development of technical bases for license renewal
rulemaking; 4) risk s1gn1f1cance ‘of aging phenomena; 5) development of tech-
nical bases to resolve generic safety’ 1ssues, 6) .recommendations .for field.
inspection and maintenance addressing aging' concerns; 7) and residual. lifetime
evaluations of major light-water reactor (LWR) components and structures

Significant progress has been, made in. comp]et1ng the aging assessments of
key components and systems since the prior revision of NUREG-1144. Nineteen
safety-related components are under NPAR. investigation, including five for
which Phase-II assessments are completed.” Seventeen safety-related systems
are under NPAR investigation, including two for which Phase-1I assessments are
completed. . Progress has also been made in developing models and.approaches to
evaluate the effects of age-related degradat1on on-plant risk and effective-
ness of maintenance to alleviate aging concerns. Studies to identify degrada-
tion sites and life-Timiting processes for each major component have produced
useful data. The Shippingport Aging Evaluation prov1ded over 200 naturally-
aged components and spec1mens of materials for aging evaluations. Operating
experience and expert op1n1on have been applied to these aging assessments.

In1t1at1ves to deve1op the, techn1ca1 bases for license renewal of NPPs
have advanced since the Tast program plan Update. On the regulatory side,
plant license renewal has been jdentified.as an 1mportant current NRC
initiative.” The NRC is developing a License.Renewal Rule, and the NPAR Pro-
gram has several initiatives underway to support the Rule, including develop-
ment of a regulatory guide.on Standard Format and Content of Technical Infor-
mation for Applications to Renew Nuclear Power Plant Operating Licenses "

(DG- 1009) technical support to the Office of Nuclear Reactor Regulations
(NRR) in theﬂfo11ow1ng activities: . development of -Safety Evaluation Reports
(SERs); development of a Standard Revmew Plan for License Renewal (SRP-LR);
and reviews of lead plant license renewal applications; also, participation in
reviews of Industry Reports. On the industry side, two lead plants are
developing license renewal- requests;planned for. submission to NRC.in.1991.

The two plants are the Monticello boiling-water reactor. (BWR) and the.Yankee
Rowe pressurized-water reactor (PWR). The license renewal initiatives are
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sponsored by the U.S. Department of Energy, Electric Power Research Institute,
and utilities, coordinated by the Nuclear Utility Management and Resources
Council (NUMARC).

The NPAR staff has been prominent in international initiatives on NPP
aging. A 1987 International Atomic Energy Agency (IAEA) symposium on NPP
Aging and Life Extension in Vienna, Austria, was attended by delegates from
30 countries. The program included 14 presentations by NPAR speakers from a
total of 40 papers. A major IAEA initiative, now underway on NPP aging, has
been guided to a major extent by methods and results developed under the NPAR
program. In August 1988, the NPAR Program hosted an international symposium
on NPP aging in Bethesda, Maryland. Speakers from 10 nations participated,
and a proceedings has been published (NUREG/CP-0100).

Through its research, the NPAR Program is providing information for
timely and sound regulatory decisions on the operation of NPPs of all ages,
including the possibility of extended operation. The research results are
providing specific inputs to the regulations, including revisions to regula-
torydgu;des, technical specifications, generic safety issues, and codes and
standards.

Future NPAR plans include the fo]]owing::

» continuation of research on safety-related systems, structures, and
components to address technical safety issues related to aging

+ continuing studies on special topics, including aging effects on
plant risk, and residual life assessments of major LWR components

e providing guidance for effective field inspections and maintenance
that address understanding and managing aging in safety-related com-
ponents and structures

e providing input to the license renewal process, including support to
. the License Renewal Rule, assistance with reviews of industry posi-
tions, and further resolution of aging issues that are specific to
extended operation; support to NRR in developing SERs and the SRP-LR

for license renewal

e application of NPAR strategy and database to assessment of aging
impacts on mothballed plants

» support to develop the Maintenance Rule and a Regulatory Guide

e motivation to implement well-structured aging management programs

» application of lessons learned from NPAR aging assessments to
advanced reactor technology.
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WORKING DEFINITIONS FOR NPAR{2)

accelerated aging* - synonym for artificial aging (when the simu-
lation of natural aging is performed by application of stressors
beyond those found in service in order to obtain observable aging
effects in a reasonable period of test time).

aging* - showing the effects of time or use in the physical char-
acteristics of a system, structure, or component.

aging degradation* - gradual deterioration in the physical charac-
teristics of a system, structure, or component that is due to aging:
mechanisms, occurs with time or use under pre-service or service
conditions, and could impair its ability to perform any of its
design functions.

aging management* - engineering, operations, and maintenance
activities to control aging degradation and failures due to aging
of systems, structures, or components to within acceptable limits.

aging mechanism* - process that gradually changes the physical
characteristics of a system, structure, or component with time or
use.

common cause failure* - two or more redundant component failures
due to a single cause (IEEE Standard 100).

common mode failure* - two or more redundant component failures in
the same manner or mode.

condition monitoring* - continuous or periodic measurement and
trending of the performance or physical characteristics of a sys-
tem, structure, or component to indicate its current or future
performance.

extended operation - operation of a nuclear power plant beyond the
term authorized by its current operating license.

important to safety - defined by 10 CFR 50, Appendix A, as "Those
structures, systems and components that provide reasonable assur-
ance that the facility can be operated without undue risk to the

health and safety of the public." For details, see 10 CFR 50.49.

(a)

Starred entries were developed by a Committee on Common Aging Terminol-
ogy with representatives from NRC, research laboratories, electric util-
ities, EPRI, and NUMARC. The initiative was sponsored by EPRI and was
coordinated by MPR Associates. A report is expected to be issued in
1991.
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inspection* - observation or measurement to verify that the physi-
cal characteristics of a system, structure, ‘or component conform to
acceptance criteria. N
license extension - authorized extension of the operating license
to allow for the time elapsed between.the dates of the construction
permit (CP)" and operating. license: (OL)

license renewal -“the issuance of an operat1ng Ticense which super-
sedes an existing operating license for a NPP. ° .

maintenance, corrective* - act1ons that restore, by repair, over-
haul, or replacement, the capability of a failed system, structure,
or componentto perform its des1gn funct1on within.acceptance
cr1ter1a . .

maintenance, ored1ct1ve* -al form of prevent1ve maintenance per-
formed periodically or cont1nuous1y to mon1tor, inspect; test,
diagnose, or trend a system’s, structure’s, or component’s.per-
formance or condition indicators; resu]ts 1nd1cate or forecast
functional ab111ty or the nature: and schedu]e of planned
maintenance prior to failure.

maintenance, preventive* - per1od1c, pred1ct1ve, or p]anned ma1n- B
tenance performed prior to failure of a system, structure, or com-
ponent to extend its service. 11fe by contro]11ng degradat1on or’
failure. . : .

.);

natural aging* - aging of a system, structure, or component which
occurs under preservice and service conditions.

plant life assessment - the process of ensuring that NPP compo-
nents, systems, and structures can be maintained in a condition to
safely and reliably perform their design functions throughout
extended operation.

safety-related items - defined by 10 CFR 100, Appendix A, as a sub-
set of components "important to safety" (see definition above).

This definition includes those systems, structures, or components
designed to remain functional in the event that a Safe Shutdown
Earthquake occurs. . The required safety functions include
maintaining

1. the integrity of the reactor coolant pressure boundary

2. the capability to shut down the reactor and maintain it in a
safe shutdown condition
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3. the capability to prevent or mitigate the consequences of
accidents that could result in potential offsite exposure
comparable to the guideline exposures of this part
(10 CFR 100).

Note: Regulatory Guide 1.29, "Seismic Design Classification,"
lists light-water reactor SSCs that are to be designed to
Seismic Category I and, therefore, are considered safety-
related according to 10 CFR 100, Appendix A.

Note: The ASME Boiler and Pressure Vessel Code, in Sec-

tion III, (ASME 1983), requires the classification of compo-
nents into 3 classes. Class 1 is safety-related pressure
retaining equipment; Class 2 is the pressure retaining equip-
ment that is essential for safe operation of the plant, but
does not, under normal operation contain nuclear materials;
and Class 3 is for other equipment.

surveillance* - observation or measurement of the performance or

physical characteristics of a system, structure, or component to
verify that it conforms to acceptance criteria.

trigger event - an operational transient or minor accident that can

lead to a more serious event when followed by failures in safety-
related systems. Emphasis is placed on the relationship between
failures (causes and modes) expected to be experienced during oper-
ation and those that would potentially occur under the stresses
associated with design basis or trigger events.

XXV



1.0 INTRODUCTION

The United States has more than 110 nuclear reactors in commercial opera-
tion and several of these reactors have operated more than 20 years. As the
population of Tight-water reactors (LWRs) advances in age; the need for a
research program that systematically assesses the effects of age-related
degradation on the safety of these plants has been recognized. The Director
of the Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commis-
sion (NRC), in his comments on the Long-Range Research Plan, identified a need
for a research program to investigate the safety aspects of aging processes in
commercial .nuclear power plants (NPPs). The Advisory Committee on Reactor
Safeguards (ACRS), in their 1983 report to Congress, also recommended initiat-
ing an aging research program. ‘

The NRC prov1ded guidance for needed safety research on plant aging and
license renewal in its Policy and Planning Guidance document (NUREG-0885).
Also, the Executive Director for Operations (EDO) provided specific program
guidance to the staff for FY 1986 to 1988 planning and program development.

In response to this need, the NRC Office of Nuclear Regulatory Research
(RES) developed and implemented a hardware-oriented engineering research pro-
gram for understanding and managing aging of safety-related components and
systems. This program is identified as the Nuclear Plant Aging Research
(NPAR) Program. As shown in Figures 1.1 and 1.2, the program is conducted by
the Electrical and Mechanical Engineering Branch of the Division of Engineer-
ing of the Office of Nuclear Regulatory Research. Similar programs .are con-
ducted on other aspects of aging in NPPs :(Vagins and Taboada 1985; Muscara and
Serpan 1985; Vagins and Strosnider 1985; Muscara 1985). One of these pro-
grams focuses on aging in NPP vessels, piping, and steam generators and non-
destructive examination techniques, and is being conducted by the Materials
Engineering Branch of the Division of Engineering (MEB). The program plan
developed by MEB is a companion to the NPAR program plan. Another related
program involves an assessment of the impact of age-related degradation on
plant civil:structures and is being conducted by the Structural and Seismic
Engineering Branch (Naus et al. 1989). These three programs form the
foundation for research on aging and are implemented within the Division of
Engineering, Office of Nuclear Regulatory Research (NRR) of the NRC.

The NPAR Program Plan was first described in the July 1985 issue of
NUREG-1144 (Morris and Vora 1985). In September 1987, the Program Plan was
revised and reissued as NUREG-1144, Rev. 1 (Vora 1987) This report, Revi-
sion 2, describes the current NPAR Program ‘Plan, discusses progress, status,
and accompllshments in the program since “issuance of Revision 1, and includes
future plans. Revision 2 also emphasizes the research currently being con-
ducted to resolve the technical safety issues relevant to the aging of NPPs,
both in the current licensing perlod and in extended operation. The utili-
zation of the NPAR technical data in the regulatory process is also included.
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1.1 GOALS AND OBJECTIVES OF THE NPAR PROGRAM

The main goals of the NPAR Program are to understand aging and to iden-
tify ways to manage aging of safety-related systems, structures, and compo-
nents (SSCs) in NPPs. The following are the technical objectives of the
Program: :

o identify and characterize aging effects which, if unmitigated, could
cause degradation of SSCs and thereby impair plant safety

o develop supporting data and information to facilitate management of
age-related degradation

o identify methods of inspection, surveillance, and monitoring, or of
evaluating residual-life of SSCs, which will ensure timely detection
of significant aging effects before loss of safety function

o evaluate the effectiveness of storage, maintenance, repair, and
replacement practices in mitigating the effects of aging and dimin-
ishing the rate and extent of degradation caused by aging

o provide technical bases and support for the License Renewal Rule and
the Ticense renewal process and develop a regulatory guide on the
format and technical information content for license renewal
applications.

The NPAR Program has been developed to meet these goals and objectives.
Currently, the NPAR Program comprises seven major areas: 1) hardware-oriented
engineering research on components and structures; 2) systems-oriented aging
interaction studies; 3) development of technical bases for license renewal
rulemaking; 4) risk significance of aging phenomena; 5) development of tech-
nical bases for resolving generic safety issues; 6) recommendations for field
inspection and maintenance to address aging concerns; and 7) residual lifetime
evaluations of major LWR components and structures.

Other ongoing NRC programs, industry-sponsored research, and programs
being conducted in foreign countries have been considered in developing the
NPAR Program Plan. In cases where relevant results from aging studies are
available or are being developed, the NPAR Program has been planned to avoid
dupljcation of effort.

1.2 BACKGROUND AND NEED

The NPAR Program has identified aging as the cumulative, time-dependent
degradation of a system, structure, or component in a NPP that, if unmiti-
gated, could compromise continuing safe operation of the plant. Necessary
measures must, therefore, be taken to ensure that aging does not reduce the
operational readiness of a plant’s safety systems and does not result in
common-mode failures of redundant, safety-related equipment, thus reducing
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defense-in-depth. It is also necessary to ensure that aging does not lead to
equipment failure which could cause an accident.

In December 1990, there were 112 11censed commercial LWR power plants in
operation in the U.S. The following summarizes the age distribution of these
plants:

- Operating Lifetime ~ Number

(Years Since Operating License) - of Plants
“More than 20 ;{: 12
Between 15 and 20 : 37
A;Between 10 aﬁd*is : ';;" 16
Between 5 and 10 if' 26
Less than 5 i;? B L a;

The 30 oldest operat1ng p]ants are listed ‘in Tab]e 1. 1 the two o]dest
Yankee Rowe and Big Rock Point, have been in operation for 30 and 28 years,
respectively. However, they are demonstration plants with design power of
<200 MWe. The next oldest plant, San Onofre-1, has a net capacity of 436 Mie
and has been licensed for 24 years. - In add1t1on to the plants$ in operation,
there are 6 more plants under construction. Most of these p1ants are expected
to be in operat1on within the next decade. ,

As the population of U.S. LWRs has aged ‘problems have occurred as a
result of time-dependent degradation mechanisms such as stress corrosion,

thermal aging, radiation. embrittlement, fat1gue, and erosion. 'These problems
have included failures in pumps, va]ves, and relays, embrittlement of cable
1nsu1at1on, and crack1ng of the heat- treated anchor heads.for post- tens1on1ng
systems in containment.- Although progress is being made to. mitigate the
degradation that has already been 1dent1f1ed, significant questions concerning
age-related degradation of SSCs remain because of the variety of components in
a commercial power reactor, the complexity of the aging process, and the
11m1ted exper1ence w1th pro]onged operat1on of these power p]ants

The NPAR Program a]so prOV1des key' 1nformat1on to enab]e the: NRC to
resolve technical safety issues and define its policy and regu]atory position
on license renewal (LR). The License Renewal Rule (55 FR 29043) is being
developed by the NRC to provide a“ clearly defined policy’and regulatory posi-
tion regarding the safe operation of aged plants for extended operation.
Clearly defined p011c1es and criteria are needed to ensure that.requests for ’
LR address the primary regulatory concerns and re]evant technical safety
jssues. Reactors:are licensed for up to:. 40’ years-of* operat1on under” current -
regulations. Current’ regu]at1ons also perm1t renewa1 ‘of an operating license.
The NRC Technical Integrat1on Rev1ew Group . for‘Aging:and Life Extens1on
(TIRGALEX), established in 1986 deve]oped a work1ng def1n1t1on for LR.
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TABLE 1.1. Schedule of License Expirations for the 30 Oldest Operating Plants

Design
Rating Date Operating License
No Name of Plant PUR/BWR  (Net MWe) License Issued Expiration
1 Yankee Rowe PWR 175 07/60 2000
2 Big Rock Point BWR 72 08/62 2002
3 San Onofre-1 PWR 436 03/67 2007
4 Haddam Neck PWR 582 06/67 2007
5 Nine Mile Point-1 BWR 620 08/68 2008
6 Oyster Creek-1 BWR 650 08/69 2009
7 Ginna PWR 470 09/69 2009
8 Dresden-2 BWR 794 12/69 2009
9 Monticello-1 BWR 545 09/70 2010
10 Robinson-2 PWR 700 09/70 2010
11 Millstone-1 BWR 660 10/70 2010
12 Point Beach-1 PWR 497 10/70 2010
13 Dresden-3 BWR 794 03/71 2011
14 Surry-1 PWR 788 05/72 2012
15 Point Beach-2 PWR 497 05/72 2012
16 Turkey Point-3 PWR 693 07/72 2012
17 Pilgrim-1 BWR 655 09/72 2012
18 Palisades PWR 805 10/72 2012
19 Quad Cities-2 BWR 789 12/72 2012
20 Quad Cities-1 BWR 789 12/72 2012
21 Surry-2 PWR 788 01/73 2013
22 Vermont Yankee BWR 540 02/73 2013
23 Oconee-1 PWR 887 02/73 2013
24 Turkey Point-4 PWR 693 04/73 2013
25 Maine Yankee PWR 825 06/73 2013
26 Fort Calhoun-1 PWR 478 08/73 2013
27 Prairie-1 PWR 530 08/73 2013
28 Indian Point-2 PWR 873 09/73 2013
29 Oconee-2 PWR 887 10/73 2013
30 Zion-1 PWR 1040 10/73 2013

License renewal is defined to include operation beyond the original license
term of 40 years, requiring a program for understanding and managing of plant
SSCs.

The first license for a large plant (>400 MWe) will not expire until the
year 2007. However, to allow for the long lead times required for planning
and construction, the utilities need to decide approximately 10 to 15 years
before the end of the license period whether to request a plant LR or to con-
struct replacement generating capacity. Utilities have defined a tentative
schedule for several important steps in the LR process (see Section 5.0). Two
representative LWRs were the subject of EPRI and DOE utility-sponsored pilot
studies on plant 1life extension. These were the Surry PWR plant, Virginia
Electric Power Company, (EPRI NP-6232M) and the Monticello BWR plant, Northern
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States Power Company, (EPRI NP-5836M).. Subsequently, a bidding process was
used to select two lead plants to develop formal requests for LR. The two
plants that were selected are the 175-MWe ‘Yankee Rowe'PWR and Monticello, a
545-MWe BWR. At ‘a technical Tlevel, ‘this project is'to provide an initial -
evaluation of ‘the ‘effects of aging on commercial NPPs and-establish the scope
of the effort to extend the operating:lifetime of these-plants beyond their
initial 40 years of licensed operation. The first submittal to the NRC is
expected in 1991. If the NRC acceptsthe LR -concept, many additional sub-
mitta]s for LR can be expected over the next decade (up to 45 by the year
2002).
1.3 ACCOMPLISHMENTS R R
. ey

From key results of NPAR ag1ng stud1es, the NRC recogn1zes that age-
related degradation, a process that occurs in all technologies, needs system-
atic inspection andiassessment for NPP « safety, ‘Communication of the need to
understand and manage aging has been ‘a‘major ‘contribution of ‘the NPAR Program.
For example, it has been acknowledged that "the focus of license renewal is
mitigation and management of age-related degradation to ensure an adequate
level of safety“ (NRC November 1989 Sess1on 1)

While applying a systemat1c, comprehens1ve research strategy adaptabTe :
to a broad range of SSCs, the NPAR laboratories have developed technical bases
for identifying age-related degradat1on of SSCs 'and developed effective meas-
ures for understand1ng and manag1ng aging ‘in the SSCs. - The current ‘scope of
the technical ‘bases is defined 4in Sections 3.0 through 6.0 of th1s p]an for -
potential users, both regulatory and: 1ndustr1a1

+ The NPAR program also has made progress on major topics, 1nc1ud1ng the
Shippingport Aging Evaluation, determining the risk significance of aging
phenomena, recommendations for field inspections, maintenance, and res1dua1-
1ife investigations of major LWR components and structures.

Cited in Section 6.0 are -numerous specific ‘cases where ‘NPAR Program
results have been used in the regu]atory process, 1nc1ud1ng input to regu-
latory guides, resolution of ‘generic safety issues, revisions to the technical
specifications, and input to development of codes and standards. Technical
results have been used to recommend 1mproved ma1ntenance techn1ques and sur-
veillance methods. * -

* Finally,” wh11e focus1ng on the need to address aging -in the current
licensing period, the NPAR Program has compiled technical “information that

contributes to the technical bases for the LR Ru]e, schedu1ed to be 1ssued in
April 1992.

____
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1.4 ORGANIZATION OF NPAR PROGRAM PLAN DOCUMENT

This revision to the program plan, NUREG 1144, Rev. 2, emphasizes the
major NPAR Program elements: the hardware studies, the special topics, and
the recent emergence of LR. Included for each element is status, accomplish-
ments, and future plans. Organization of the plan is summarized below.

Section 2.0 describes the basis from which the NPAR program conducts
aging research.

Section 3.0 contains an outline of the NPAR strategy, the systematic
approach used in the program for assessing the effects of aging on plant .
safety-related SSCs. The criteria used to identify safety-related SSCs are
discussed, as is the phased approach developed to study the effects of age-
related degradation.

Section 4.0 reviews special topics relevant to the aging of NPPs that
have been and are being investigated in the program.

Section 5.0 summarizes the issues invo]ved.in LR, from both the industry
and regulatory perspectives. Plans and schedules for actions required to
resolve the issues and complete the LR process for the first NPPs are also
discussed.

Section 6.0 contains an overview of accomplishments of the NPAR Program
in the regulatory process. A synopsis of results then follows. The discus-
sion of utilization is divided into five categories: rulemaking, generic
safety issues; maintenance and surveillance; inspection of safety systems and
components; and codes and standards.

Section 7.0 contains an overview of the NPAR review and integration
activities within NRC, with other government agencies, and with external
institutions and organizations, domestic and foreign.

Section 8.0 describes the program coordination with other government
agencies and external institutions and organizations, both domestic and
foreign. It also contains a discussion of the purpose and activities of the
NPAR Research Review Groups.

Section 9.0 contains the schedules and research requirements developed
for the various NPAR activities and a discussion of them. The schedules
include research activities supporting LR initiatives and the continuation of
age-related confirmatory research.

Appendix A contains a brief overview of NPAR participants.

Appendix B discusses bases for understanding and managing aging in NPPs.

Appendix C contains further details, beyond the overview in Section 8.0,
of ongoing programs related to aging and extended operation. The coordination
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required between the NPAR investigations and other ongoing activities is dis-
cussed, with emphasis on the need to optimize the use of available resources.

Appendix D cites examples of alternative approaches for conducting NPAR
Phase-II comprehensive assessments.

Appendix E 1ists publications of NRC contractors on various aspects of
the Shippingport Station aging evaluation.

1.5 NUCLEAR PLANT AGING RESEARCH PLANNING INSTRUMENTS

The following are major planning instruments used in the NPAR Program:
e Multi-year - The NPAR Program Plan, NUREG-1144. This.plhn was

first issued in (Morris and Vora) 1985. Revision 1 was issued in

(Vora) 1987. This version, Revision 2, was issued in 1991.

o Annual/Monthly/Periodic

- Program assumptions/prbéram briefs
- Form 189s
- Program reviews

- Programmatic discussions at the individual laboratories and/or
at NRC Headquarters

- Monthly reports

- Users’ needs

- Direction from Advisory Committee on Reactor Safeguards
- Recommendations of Reﬁearch Review Groups

- Interactions with EPRI and DOE

- Interactions with outside institutions and organizations,
domestic and foreign.
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- 2.0 BASIS FOR THE NUCLEAR PLANT AGING RESEARCH PROGRAM -

. The U.S. Nuclear Regulatory Commission. (NRC) is responsible  for ensuring
that nuclear.power plants are operated safely during -their initial licensed
period and continue to operate safely during extended operation. To help ful-
fil1l this responsibility, the NRC instituted the Nuclear Plan Aging Research
(NPAR) program to understand how aging may affect safety-related systems,
structures, and components (SSCs), .to identify!the:measures available to
manage age-related degradation,cand to anticipate problems that may result
from plant aging. A set of technical safety issues has been developed for the
NPAR program to provide focus and direction for aging assessments of SSCs and
to maintain safe plant operation. :The-basis for developing the technical
safety issues is described, followed by an-overview.of their implementation.

2.1 BASIS FOR IDENTIEYING AND RESOLVING TECHNICAL SAFETY ISSUES

-The Technical Integration. Review:Group for'Aging and Life Extension
(TIRGALEX) was established in.1986.by the Executive Director for Operations
(EDO) to facilitate the planning and integration of NRC plant aging ‘and
license renewal/life extension activities. The initial objectives of TIRGALEX
were to c]ear]y;define'ihe technical safety and regulatory policy issues asso-
ciated with plant aging.and extended operation.and developa plan for resolv-
1ng the 1ssues in a t1me1y, we]] 1ntegrated and effect1ve manner.

The framework recommended by TIRGALEX for planning and 1ntegrat1ng agency
activities .related to:plant aging and license renewal (LR) was adopted in the
NPAR-Program. There has been-an .ongoing -effort -to ‘coordinate the various :NRC
initiatives that are relevant to:plant aging: first .through TIRGALEX, subse-
quently through the Aging -and Life .Extension Coord1nat1ng Comm1ttee (ALEXCC),
and currently through the NPAR Review Group.

2.2 TECHNICAL SAFETY ISSUES

- A set of technical safety ‘issues -was deve1oped by the :TIRGALEX to provide
focus and ‘direction for the ‘NPAR Program. :.These issues are based ‘on :operating
experience, expert judgment, and risk:significance. :These ‘technical safety.
issues must be addressed :to:ensure that:safety:levels are ma1nta1ned as the -
service lives of the present:generation:of reactors increase. '°

o What -SSCs are susceptible to aging effects that could adversely. -
- affect public health and: safety? JWhiCh of'these'SSCSTare main- ' '
.”taxned and are rep]aceab'le7 R oo

. Nhat are the degradat1on processes of mater1als, components, and

.structures that could, if.improperly maintained:and/or .not replaced, o
- affect safety during normal design Tife and during extended Tife?
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o How can operational readiness of aged SSCs be ensured during the
40-year design life and during extended life of a reactor?

e Are currently available nondestructive examination and test methods
adequate to identify all relevant aging mechanisms before safety is
affected? If not, what efforts are under way to improve the
methods.

e What criteria are required to evaluate residual life of SSCs? What
supporting evidence (data, analyses, inspections, etc.) will be
needed?

e How should SSCs be selected for comprehensive aging assessments and
residual-lTife evaluations? Which SSC(s) should be selected?

» How effective are current programs for mitigating aging (e.q.,
control of environment, maintenance, replacement, and repair)?

e What kinds of reliability assurance and maintenance programs will be
needed to ensure operational readiness of aged safety systems and
components?

o What additional changes will be needed in codes and standards to
address aging? What schedule should be followed?

The technical safety issues were developed by first examining the nature
of the aging process and then examining the potential role aging plays in
plant safety, and the NRC’s mission to address plant aging and extended opera-
tion and LR. The technical objectives of the NPAR program have been developed
to address the technical safety issues. Together, the technical objectives
and the technical safety issues provide the framework required for developing
and guiding the individual aging assessments in the NPAR program.

2.3 IMPLEMENTATION

In accord with the TIRGALEX Integration Plan, the technical data cur-
rently developed in related projects and the regulatory needs identified by
the Office of Nuclear Reactor Regulation (NRR) establish the priority of the
NPAR Program activities. The Office of Nuclear Regulatory Research (RES) has
the responsibility for carrying out the necessary research programs.

Hardware-oriented engineering research needed to resolve the issues
related to aging is being conducted in the Division of Engineering under three
programs. The NPAR Program for aging investigations on components and systems
is being performed by the Electrical and Mechanical Engineering Branch of the
Division of Engineering. The aging research program on the vessels, piping,
steam generator, and nondestructive examination techniques is being performed
by the Materials Engineering Branch of the Division of Engineering. The aging
research program and civil structures is conducted by the Structural and
Seismic Engineering Branch of the Division of Engineering.
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As the principal activities in these research programs are completed, the
research results are made available for use in the regulatory process. RES
also makes use of research findings as they contribute to the developing
regulatory criteria, guides and standards, and review procedures.
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3.0 AGING ASSESSMENTS OF SPECIFIC COMPONENTS AND SYSTEMS
UTILIZING THE NPAR PROGRAM STRATEGY

Aging assessments have been conducted under the Nuclear Plant Aging
Research %NPAR) Program on approximately 40 categories of components and sys-
tems considered risk significant, including a cross section of representative
electrical and mechanical .components and -systems. The selection of the com-
ponents and systems has been based on criteria outlined in Section 3.1. After
the selection process was completed, participating laboratories and contrac-
tors were assigned specific components and systems for aging:assessments (see
Figure 3.1). 1In all, five national laboratories and several private institu-
tions and organizations are conducting aging assessments, which are listed in
Appendix A. S ,

The aging assessments are based on a phased approach identified as the

NPAR Program Strategy, which is .illustrated in Figure 3.2. The NPAR Program
Strategy involves the following phases:

e Pre-Phase I - Prioritization of sysfems, structures;'and components

* Phase I - Interim Aging Assessment

* Phase II - Comprehensive Aging-A;sessmeﬁp

e Utilization of Research Results. . >_
The processes for selecting components and syétémé and applying the NPAR
Strategy to the aging assessments are discussed in the following sections.

Approaches to understand and ‘manage aging are discussed in Appendix B, includ-
ing descriptions of key degradation mechanisms.

3.1 PRE-PHASE I - PRIORITIZATION OF SYSTEMS, STRUCTURES, AND COMPONENTS

Before Phase I of the NPAR Program was implemented, the specific struc-
tures, systems, and components (SSCs) to be studied were selected for in-depth
engineering studies. The selection criteria were based on the potential risk
contributed from failures of SSCs; experience obtained from~operatin? glants;,
expert judgment on.the tendency of age-related degradation; and user\d) needs.
Studies by Vesely et al. (1983) and Davis et al. %1985) provided risk-based
inputs to the selection process. User needs include resolving generic safety
issues, revising regulatory documents, upgrading plant maintenance and sur-
veillance, and developing technical bases for license renewal (LR)
consideration. 1

Lo

(a) 1In the U.S. Nuclear Regulatory Commission (NRC), the user is ‘the Office
of Nuclear Reactor Regulation (NRR).
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The major constituents of the SSCs were selected on the basis of the
safety criterion that the release of fission products that could occur during
an accident should be contained within the plant (Davis et al. 1985; Vesely
1987; Muscara and Serpan 1985; Vagins and Taboada 1985); these constituents
include the pressure boundary components, containment, and supporting struc-
tures. Also included are components related to reactor control systems and
reactor safety systems. The reactor internals are included because their
failure may prevent control rod insertion or may cause fuel failure. Detailed
evaluations of reactor pressure vessels, reactor coolant piping and safe ends,
and steam generators are being performed in the program sponsored by the Mate-
rials Engineering Branch of the Division of Engineering.

The scope of NPAR aging assessments encompasses 1) pressurized-water
reactors-(PWRs) from the three U.S. nuclear steam supply system vendors,
2) boiling-water reactors (BWRs), 3) plants with numerous variations in
design, applications, and suppliers, and 4) operation and maintenance with
differing practices and philosophies. The NPAR Program includes studies of
selected electrical and mechanical components and representative safety
systems and support systems, special topics studies, and the utilization of
results from aging assessments.

NOTE: It is not the intent of the NPAR Program to conduct in-depth
engineering evaluations of aging and defect characteriza-
tion, and methods for inspection, surveillance, and moni-
toring methods and mitigation practices of all significant
plant elements. It is the industry’s responsibility to
characterize and evaluate their own plant SSCs to ensure
their operational safety as the plants advance in age.

Table 3.1 contains a listing of components that have been identified to
have aging-related impacts on plant safety and support systems and their
availability and safety margins. Current status of work on the study of the
aging of these components is also noted.

Table 3.2 provides the research status of systems in nuclear power plants

(NPPs) that are of current interest. These systems are considered important
for accident prevention or mitigation.

3.2 PHASE I - INTERIM AGING ASSESSMENT

After the components and systems are selected, the first step is to
establish a boundary to define what is to be included in the component or sys-
tem under consideration and also to identify important interfaces between the
component or system to be investigated and other adjacent components or sys-
tems. The Phase-1 assessment is based on information from public and private
databases, vendor information, open literature, utility sources, operating
experience, and expert opinion. The information includes the identification
of failure modes, preliminary identification of failures caused by age-related
degradation, and reviews of inspection, surveillance, and monitoring methods
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TJABLE 3.1. Components.of Current Interest in the NPAR Program
and Their:Completion Schedule ‘

Topic ‘Laboratory . Schedule
Motor operated valves ORNL Complete in FY-91
Check-valves ORNL Complete in FY-91
Solenoid valves ORNL = Compiete in FY-91
Air.operated valves : ORNL . Initiate Phase 1 in FY-91
Auxiliary feedwater pumps ORNL Complete.in FY-91
small electric motors ORNL - .. Completed in FY-88
Large electric motors CBNL -  Initiate Phase 1 in FY-92
Chargers/inverters o BNL . Completed in FY-90
Batteries : : INEL . Completed in FY-90
Power operated relief valvesi ORNL . ~ -Completed in FY-89
Snubbers PNL . Comp]éte Phase 2 in FY-91
Circuit breakers/relays ~ BNL, Wyle Complete Phase 2 in FY-91
Electrical penetrations ‘ SNL L Complete Phase 1 in FY-91
Connectors, terminal blocks SNL . Initiate Phase 1 in FY-91
Chillers PNL - Initiate Phase 1 in FY-91
Cables SNL - Complete Phase 2 in FY-91
Diesel generators ~ PNL Phase 2 completed in FY-89
Transformers A INEL Complete Phase 1 in FY-91-
Heat exchangers ORNL Complete Phase 1 in FY-91
Compressors ' ORNL - Phase 1 completed in FY-90
Bistables/switches : BNL Initiate Phase 1 in FY-91
Main steam isolation valves ORNL Initiate Phase 1 in FY-91
Accumulators - No initiative
Surge arrestors No initiative
Isolation condensers (BWR) , No initiative
Purge and vent valves : No ‘initiative
Safety relief valves No initiative

Service water and component : - .. No'initiative
cooling water pumps - o ' : SR

3.7



TABLE 3.2. Systems of Current Interest in the NPAR Program
and Their Completion Schedule
Topic Laboratory Schedule

High pressure emergency core INEL Complete Phase 1 in FY-91

cooling system
RHR/Low pressure emergency BNL Complete Phase 2 in FY-91

core cooling system
Service water PNL Phase 2 completed in FY-90
Component cooling water BNL Complete Phase 2 in FY-92
Reactbr‘protection INEL Complete Phase 2 in FY-91
Class 1E electric distribution INEL Complete Phase 2 in FY-91
Auxiliary feed water ORNL Initiate Phase 1 in FY-91
Control rod drive, PWR (W) BNL Phase 1 completed in FY-90
Control rod drive, PWR (B&W, CE)  BNL Complete Phase 1 in FY-92
Control rod drive, BWR ORNL Complete Phase 1 in FY-91
Motor control centers BNL Completed in FY-89
Instrument air BNL Complete Phase 2 in FY-92
Containment cooling BNL Complete Phase 1 in FY-91
Engineered Safety Features PNL Initiate Phase 1 in FY-91
Instrument and control ORNL Complete Phase 1 in FY-92
Automatic depressurization PNL Complete Pre-Phase 1 in

(BWR) FY-91
Standby liquid control (BWR) PNL Complete Phase 1 in FY-91
Core internals ORNL Initiate Phase 1 in FY-91
Turbine main generator ORNL Initiate Phase 1 in FY-91

and controls
Containment isolation

Recirculation pump trip
actuation instrumentation
(BWR)

Reactor core isolation cooling

No initiative
No initiative

No initiative

(ISMM), including manufacturer-recommended surveillance and maintenance prac-

tices.

Performance parameters or condition indicators potentially useful in

detecting degradation are identified, and preliminary recommendations are made

regarding improved ISMM and maintenance practices.

Recommendations are also

developed to identify the detailed engineering tests and analyses conducted in

Phase II.
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A key outcome of the Phase-I, investigation is a decision regarding the
need for a Phase-II assessment on specific SSCs.  The following sections sum-
marize the activities that comprise the Phase-1 1nter1m 1nvestigation

3.2.1 onsuitatjons W1th Nuc1ear Regulatory Comm1551on Staff

An important Phase-I conSideration 1s to identify ‘where similar aging
research or related regulatory initiatives are active in the NRC while avoid-
ing duplication.: ~Aging-research’ should potent1a11y augment the value of the
related research:and reguiatory initiatives. . For example, an NRR study on
service water system (SWS) biological. fouling provided important input to an
NPAR SWS aging investigation. Identifying related regulatory 1n1t1at1ves,
such as-the resolution of: generic safety,issues or, needed revisions to regu-
latory guides or technical specifications,:can determine. how NPAR aging
research may, contribute to reso]v1ng regu]atory needs.

3.2.2 Review of De51qn Information and App11cationsl

St des -
During the- preliminary research de51gn 1nformation and applications are-
reV1ewed as foi]ows' R LR o , ,
1. Design and Specifications. : The firstuofrthe;three‘eiements of :the
Phase-I assessment begins with a review of the design data and spec-
. ifications for the hardware being studied. This includes.such items
. as nonproprietary design documents, ;final. safety analysis reports, - . -.
operating and maintenance:manuals,: and. product literature.  Addi- .
‘tional sources.of information.are also reviewed. - These include
w;vendor surveys, ut111ty contacts, published reports, nd expert
:=op1nion . S nenn 3

-2.. Materials.’ An important aspect of Phase T 1s to- 1dent1fy a11 sus-
ceptibilities of .significant:materials. that comprise: the:hardware
under review. The susceptibilities of spec1f1c materiais and parts
‘to age-related degradation are evaluated.

3. Operating and Environmental Stressors. The degradation of the SSCs
involves time-dependent:phenomena. anp, among other things;: depends -
on operating environment and operating history. . The env1ronmenta1 ’
stressors considered include temperature, radiation, chemicals; -
contaminants, 'atmospheric conditions; and humidity: Jhefenviron-ﬁt'
mental conditions considered include operational parameters and
environmental conditions that prevail during other periods, such as
during testing,” shutdowns, storage periods, acc1dent conditions and
post- -accident 51tuations BRI -

. S gl s o .
The operating history assessment 1nc1udes the therma] mechanicaT
and e]ectrical stressors that SSCs experience during their operating
lifetimes.’ 'Normal operating conditions,’ ant1c1pated transients,!'.
off-normal. conditions, and accident:and post-accident conditions- are
studied to determine the influence ‘and effects of stressors ‘and -
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environment on degradation processes. Typical examples of elec-
trical stressors include slow-switching transients, fast transients
of the lightning variety, and low frequency 50- to 60-Hz signals,
which can occur singly or in various combinations. Examples of
mechanical stressors are static loading stresses, dynamic loading
stresses, and seismic and vibrational stresses.

4. Performance Requirements and Condition or Functional Indicators.
Performance requirements are reviewed to assess whether aging
degrades the ability of SSCs to perform required safety functions
during normal, abnormal, and accident conditions. Here it may be
possible to identify condition or functional indicators. These
consist of indicators that are practical to monitor and that provide
cost-effective means to identify and manage degradation. Finally,
ongoing research is reviewed, and applicable results are included in
the assessment of hardware under study.

This review and analysis of materials, designs and specifications, stres-
sors and environment, and operational parameters are performed on all compon-
ents and systems selected for the comprehensive aging assessment.

3.2.3 Survey of Operating Experience and Faijlure Evaluation

Another activity of the Phase-I assessment is a critical survey of the
documented operating experience obtained on SSCs being evaluated. This review
provides information on the failure rates and reliability that can be
expected, and the aging-related failure modes and causes that have been
experienced. The sources of this information include data from the in-plant
reliability data system IPRDS} sponsored by the NRC and the nuclear plant
reliability data system (NPRDS) managed by the Institute of Nuclear Power
Operation. Other sources include Licensee Event Reports (LERs), Nuclear Plant
Experience, Plant Maintenance Records, and Inservice Inspection Reports.

From the critical survey, hardware failures are evaluated to identify the
following:

e Failure Mechanisms. These are established through the process of
identifying dominant stressors; studying materials and designs of
components and parts; reviewing service environments and applica-
tions; and then evaluating the nature of, and the factors contrib-
uting to, aging and failures.

e Failure Modes. The indicators of failures (for example, leaks,
fatigue failures, radiation, thermal embrittlement of materials, and
voltage collapse or disturbance in current signature) are assessed
and critical age-related failure modes are identified.

*» Failure Causes. The conditions of design, manufacture, service
environments, and applications that may lead to failures are
determined.
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3.2.4 Review and Evaluation ovanspection? Survei]]ance, and Monitoring

The third element in the Phase-1 investigation is the review of the-
inspection, surve111ance, and monitoring methods (ISMM) This element also
involves a review.of artificial or accelerated aging techn1ques used to
qualify hardware for end of-life performance

Existing methods for ISMM are. eva]uated to determ1ne those methods Tikely
to be effective in detect1ng aging-at.an incipient stage before loss of safety
function. Aiso it.is important that the methods not be unduly expensive to -
implement and not result in unacceptable levels of occupational: exposure.
Surveillance and monitoring methods being evaluated include periodic inspec- -
tions, both visual and instrument-aided, and on-line instrumented techniques.
The evaluation seeks to identify. performance parameters .and functional:indica-
tors that represent the:capability of:equipment and are useful for managing:
aging. Key considerations are: to monitor the se]ected parameters and’ 1nd1ca-
tors.at operattng plants for reasonab]e costs

Art1f1c1a1 or acce1erated ag1ng techn1ques may be reV1ewed and compared
to data available from natura]]y aged hardware to demonstrate the applicabil-
ity of current practices. )

3.2.5 Interim Agtng Assessment and Recommendat1on -

The result of a Phase-I. eva]uat1on of SSCs is an 1nter1m ag1ng assessment
and an evaluation of the safety significance of the probable failure modes
(Wu 1989). An interim evaluation-of current ISMM technology is given, and
potential performance parameters and.condition indicators are developed.
Interim recommendations are made.for Phase-I1I studies based on the results and
reviews of research activities-completed in Phase I. -The results of the .
Phase-1 study are issued-in.a technical progress report or a NUREG/CR-report.
Generally, NUREG/CR reports are subject to peer .review before publication.

Continuation to .Phase-II activities, for a'gtven'compOnent or system, is
deemed unnecessary -if 1) an adequate database and experience-exists within the
industry; 2) industry-sponsored programs adequately address the research
needs; and 3) resources need to-be'directed.to other research:activities.

{ = R A T S
3.3 PHASE 11 - COMPREHENSIVE :AGING ASSESSMENT

Phase-II assessments of SSCs usually -involve some combination of one or
more of the following: 1) tests of naturally-aged equipment.or equipment with
simulated degradation; 2) laboratory or .in-plant verification of methods for
ISMM; 3) aging assessments by expert:panels; 4) development of ‘recommenda- -
t1ons for inspection:or mon1tor1ng techniques; 5) verification of methods for
evaluating:residual :service lifetime; 6) identification of.effective main-
tenance practices; 7) in-situ examination and data gathering for operating
equipment; 8) verification of failure causes using results from in-situ and
postservice examinations.
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When fully conducted, the Phase-II assessment involves several in-depth
assessments, which include validating advanced ISMM through laboratory and
field testing of samples and validating accelerated aging techniques. It also
may include developing models to simulate degradation, in-situ aging assess-
ment, and testing of naturally-aged equipment from operating NPPs.

In-depth laboratory investigation of selected naturally-aged components
has been an element of NPAR Phase II for certain categories of equipment such
as valves, motors, and battery chargers/inverters. However, detailed labora-
tory investigations on large components such as emergency diesel generators
(EDGs) are not practical at current NPAR funding levels. Therefore, the
Phase-1I assessment of such components has involved and will continue to
involve extensive use of experts and coordination with utilities and other
industry sources to identify aging characteristics. Budget limitations have
required developing innovative approaches to investigations of aging mechan-
isms without reliance on in-depth laboratory studies and studies on naturally-
aged components. Alternative approaches to comprehensive aging assessments
that have been developed and applied in NPAR studies are described in
Appendix D.

3.3.1 Review and Verification of Improved_Inspection, Surveillance, and
Monitoring Methods

|

The Phase-II research of ISMM involves reviewing advanced methods and
technology for each category of components and systems under study. In this
phase, advanced techniques and technologies, either in use or under develop-
‘ment, are investigated. When available, the sources of information technology
both within and outside the nuclear industry are used. The sources outside
the nuclear industry include fossil plants, the petrochemical industry, the
aerospace industry, various branches of the Department of Defense, and other
government agencies. The practical feasibility of applying these technologies
to nuclear plant components is also explored.

Laboratory and field application and verification tests of ISMM candi-
date technologies are carried out. The objective of the tests is to demon-
strate that methods are appropriate to follow the dynamics of the performance
parameters and functional indicators of interest; methods have adequate selec-
tivity (will not give false indications) and sensitivity (will detect in the
incipient stage); and suitable acceptance/rejection criteria are available so
that maintenance needs can be correctly identified.

Some laboratory tests could involve simulating defects of varying degrees
nf propagation in prototype hardware to determine sensitivity and detection
criteria. Various defect and environment combinations could be used to deter-
mine selectivity. These laboratory tests could be conducted to verify that
the methods are applicable for in-situ use at power plants. Field tests are
recommended at cooperating utilities to confirm the laboratory results, to
provide information about the frequency and method of data collection and
analysis, and to estimate cost effectiveness and practicality of application.
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3.3.2 Testing of Naturally-Aged Components

A second element .in the 'Phase-II assessment _is examining. and test1ng o
‘naturally-aged components.that have had extended service in NPPs. Obtaining
and testing naturally-aged components is sometimes difficult or costly; how-
ever, the information obtained from the testing is.valuable to quantify the
effects of aging and to determine whether adequate safety margins exist to
ensure -the operat1ona1 readiness .of - natura]ly -aged components and systems that
rema1n in service. T

Equipment that has experienced significant . operating. and env1ronmenta1
stressors was obtained from the decommissioned Sh1pp1ngport PWR. Some exam-
inations of the naturally-aged Shlpp1ngport -equipment . were. conducted in-situ.
Other Shippingport’ components and ‘specimens were shipped to part1c1pat1ng
laboratories for aging evaluations. Results from.the .Shippingport aging
studies that have been reported are referred to in Section 4.3 Appendix E.

Tn-situ mon1tor1ng of operat1ng equ1pment at Lsz is recommended to gain
an understanding of the interaction betwéen age-related defect characteriza-
tion and inspection, surveillance, and maintenance. Also, aging investiga-
tions are sometimes undertaken on equ1pment that has failed during operation.

~ Determining the root cause of the failure is the key cons1deratxon

P - ; A‘ R

[

3.4 UTILIZATION OF RESEARCH RESULTS

With the comp]et1on of the aging assessment of .SSCs, a technical basis
becomes available for use in developing and ref1n1ng the regulatory process.
Examples of possible uses include 1mp1ement1ng 1mproved ISMM; modifying pres-
ent codes and standards; resolving generic safety issues; and developing
guidelines and review procedures for LR

In the NPAR Program Strategy (F1gure 3.2), the research performed ‘for the
Phase-I and Phase-II assessments.leads to developing application guidelines.
It may also provide a systematic collection of: historical baseline data and
trending information for evaluating component and system aging effects. The
specific areas of app11cat1on, shown ‘in Figure 3.2, provide highlights of the
end uses: of ‘the NPAR Program. “:An “important part of ‘the application guideline
phase is' the technical integration of the’ results ‘obtained :by NPAR ‘and- other .
major programs. ‘In deve]op1ng ‘guidelines, -the NPAR staff work with all the -
NRC offices -involved in programs relevant to nuclear- plant ag1ng and LR W1th
codes and standards comm1ttees, -and W1th 1ndustry groups e
3.4.1 Reso]ut1on of Gener1c Safetv Issues , . o .

The NRC report NUREG 0933 (Emr1t et a] 1991) contains a recommended
pr1or1ty list to assist in the timely and efficient resolution of generic
safety issues. :The NPAR Program generates gu1de11nes, deve]ops cr1ter1a, and
supports. resolution of the generic saféty -issues.  The.generic safety issues
that would d1rect1y benef1t “from the NPAR Program resu]ts are 11sted in’
Table 3.3.° A

R
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TABLE 3.3. Generic Safety Issues,(a) with Elements of Aging

Issue Number Title

. 15 Radiation. Effects on Reactor Vessel Supports (Revised)

| 23 Reactor Coolant Pump Seal Failures
51 Proposed Requirements for Improving the Reliability of Open

Cycle Service Water Systems

87 Failure of HPCI Steam Line Without Isolation
113 Dynamic Qualification Testing of Large Bore Hydraulic Snubbers
130 Essential Service Water Pump Failures
142 Leakage Through Electrical Isolators in Instrument Circuits
143 Availability of Chilled Water System and Room Cooling
153 Loss of Essential Service Water in LWR’s
B-55 Improve Reliability of Target Rack Safety Relief Valves
B-56 Diesel Reliability
S11A License Renewal Rulemaking
S17 Electric Power Reliability

(a) From NUREG-0933 (Emrit, et al. 1991).

3.4.2 Considerations for License Renewal

An important objective of the NPAR Program is to identify and resolve the
technical safety issues involved in requests for LR of nuclear power plants.
An end product of NPAR initiatives will be guidance or recommendations to NRC
users on subjects such as revisions to ISMM methods, residual lifetimes of
major components, key technical information required in applications for LR,
ensuring continued safe operation of plants, and providing support to the LR
rulemaking process. This topic is discussed in Section 5.0.

3.4.3 Guidelines for Inspection, Surveillance, Monitoring Methods, and
Maintenance

A principal element in the engineering evaluation of age-related degrada-
tion is evaluating methods used in ISMM of NPP systems and components. A
review is made of methods currently in use in Phase I. Also, an evaluation is
provided of their effectiveness in detecting age-related degradation at an
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incipient stage before a loss of safety function. Advanced techniQues5are
also reviewed, and may be tested in Phase II.

The results of the ‘NPAR ag1ng assessments are also utilized to eva]uate
the role of maintenance in mitigating age-related degradation and developing
guidelines for revised or preferred maintenance practices.  This work consists
of the following activities:' reviewing current practices and procedures;
reviewing vendors' recommendations; evaluating the merits of performing
preventive, corrective; or predictive: maintenance; identifying failures caused
by maintenance procedure5°~and developing recommendatlons for a preferred
maintenance approach.

3.4.4 Guidelines for Service-Life Predictions

Aging and residual life of major LWR components is evaluated in the NPAR
Program. The current methods for predicting the service life of major mechan-
ical components and structures are reviewed ‘to develop an approach for life-.
time evaluation. The resources required to inspect and monitor components and
structures  are considered ' to determine whether technically acceptable methods
for predicting service life could be substituted. The information generated .
in this research has two principal objectives. One is to assist in developing
criteria that ensure that the degradation of major components does not impair
safe plant operation. The second is to generate a technical basis for estab-
lishing criteria and developing guidelines to be used in license review
procedures for LR. Although these objectives ¢omplement the objectives of
ongoing industry-sponsored pilot projects on LR, they focus only on safety
aspects.

The approach to the residual-life assessment involves identifying and
prioritizing major components with respect to safe plant operation. This is
followed by an initial effort to determine the life-limiting processes for
each of the major components, whereby degradation sites and failure modes
during normal operation and accident conditions are identified.

The residual-life assessment also includes current and potential methods
for ISMM. In the utilization phase, the work is focused on integrating cur-
rently available technical information relevant to aging during current opera-
tions and during LR. Further description of residual- 11fe assessments of
major components is addressed-in Sect1on 4.4,

3.4.5 Recommendations for Standards and Guides

The NPAR Program develops recommendations for revising relevant industry
codes and standards for continuing the operation of aged plants. The NPAR
Program also provides input to.technical bases for preparing NRC regulatory.
guides, review procedures for the continued operation of NPPs, and for LR
considerations.
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3.4.6 Dissemination of Technical Results

The research information developed in NPAR is disseminated by preparing
technical papers (for example, journal articles) and reports (for example,
NUREG/CRs) and by sponsoring workshops, training seminars, society presenta-
tions, symposia, information exchange programs, and international (IAEA)
initiatives. To investigate approaches to make the NPAR technical bases more
accessible, two EDG reports (one sponsored by NPAR, one sponsored by DOE) were
compiled on computer disks and were cross-referenced using a Hypertext
approach. Wider use of the approach to improve accessibility of this database
is being considered.

3.4.7 Innovative Materials and Design

Another element in the NPAR Program Strategy (Figure 3.2) is the identi-
fication of needs for innovative materials and designs. Here recommendations
may be provided (and it is up to the industry to implement them) to evaluate
design changes to existing SSCs that would make them less susceptible to
aging. Innovative materials and designs could also find end uses in the other
NRC programs (such as equipment qualification and advanced LWR designs).
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KR SPECIAL TOPICS

-
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The spec1a1 topics, listed in Table 4 1 and reviewed in th1$ section,
constitute a major element of the Nuclear Plant Aging Research (NPAR) Program.z
Most of the research on these topics®interacts with® the’ research on the ',
hardware-oriented initiatives discussed in Section 3.0.  For example, the
Shippingport aging evaluation has provided naturally-aged components to sev-
eral of the systems and components studies. Most of the remaining topics
derive inputs from the hardware’studies; for example,-specific needs for

, Aty ol
TABLE 4.1. Spec1a1 TOplCS‘Of Current Interest in the NPAR Program
and Their Completion Schedu]e "
R L Pt O T Laboratorg s ;-?"Schedaie'
Risk eva1uations of significant aging effects T ST SAIC . . _Compiete Phase l.in FY-SG
Risk-based component prioritization and se1ection Fag Sl CPNL CT '"Comp1ete Phase 1 in FY 90':
5 T T S RSN B v T T ."
Shippingport aging assessment SRy et I U PNL T ';A’Complete in FY-QB F
o E '-;— \-.-/:' . - L R A T '
Aging assessment and mitigation of major LW components and R JNEL ;,Complete Phase 1-in FY-98 |
structures ‘ . . T : , Y R .
Development of technical bases for S :;_ SO ' R
e Regulatory guides - BT L A /.| S Compiete Phase 1 in’FY-81
e Standard review plans @ 3. - Y R T, i '+ Complete Phase 1 in FY-91
e Criteria for license renewal: snCoFe o i s+ O PNL . (- Complete Phase 1 in FY-81°
* Maintenance rulemaking T o e B S A R PNL- . - Continuing S R
¢ Manual for aging management .t Tawe s To,o .. - PAL. -7 Complete Phase 1 in FY:81
TechnicalIspecifications‘from aging perspective = . | . PNL Complete Phase 1 in FY-91
Guidance for recordkeeping g o e 7 PNt’A' Lt Comp]ete Phase 1‘in FY 91j
Inspection integration S el e et thL o Complete Phase't in FY 91
Re]iability mode1ing of component aging o BAL - Comp]ete Phasexl in‘FY-Ql-f
Review of regu]atory instruments . . ‘ oo PRLL Compiete Phase 2 .in-FY-81
Review of 1ndustry technical reports for 1icense renewa] T*A"H~'1:?A]i) Complete in FY-91 -~ -
Vo T 0T 0L e T FERE A R Ty
Aging Effects in Ba1ance of Plant Systems BNL On Hold AR
Maintenance to manage aging .. .. ., . ... . - .o - : . iPNL ~u .- Complete Phase 1 in FY-98
. B I PO R I I RO L IR SRR T L.
Aging degradation of cables. . L, P ”ﬁSNL.:' . :Comp]ete in FY 90 R
Fire vulnerability of aged electrical components “- - - '~ R pomplete Phase t‘in‘FY%QE
Aging effects in mothballed PNL plants PNL Planned for FY-92
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changes to the technical specifications and nuclear power plant (NPP) record-
keeping are identified in part from the NPAR aging studies identified in
Section 3.0. The special topics also are providing important input to NRC
license renewal (LR) initiatives.

The scope and status of the special topics identified in Table 4.1 are
summarized in the following sections.

4.1 RISK EVALUATIONS OF SIGNIFICANT AGING EFFECTS

Objective: To develop and demonstrate an age-dependent PRA-based meth-
odology for prioritizing the risk contributions to and maintenance impor-
tances of aged components.

Contractor: Science Applications International Corporation (SAIC)

Methodology: A methodology has been developed that takes into consid-
eration the aging contributions to core melt frequency and to other risk
results by a Taylor expansion of the basic risk equations. This approach
allows current probabilistic risk assessments (PRAs) to be used to determine
the risk importance that can then be combined with aging effects on components
and structures, which are determined using separate aging models. Using this
approach, PRAs do not have to be recalculated to incorporate the aging
effects; instead, current PRA results can be combined with aging effects of a
component and structural level to obtain the core melt frequency increases and
other risk result increases caused by aging. In this methodology, multiple
aging effects are incorporated, aging contributors are prioritized in detail,
and maintenance programs can be quantified for their risk effectiveness in
controlling aging effects. Uncertainty evaluations are also included.

Status: The methodology has been tested and demonstrated. A NUREG/CR
has been issued (Vesely, Kurth, and Scalzo 1990). Software programs have been
initially developed for applications of the methodology. Data analysis
programs have also been developed to analyze data for aging effects that apply
to the risk evaluations to determine the risk implications of age-related
degradation.

Results: Three recent PRAs have been used to evaluate the risk effec-
tiveness of test and maintenance programs using the linear aging model.
Analyses have also been conducted to support regulatory analyses for LR
rulemaking.

Plans: Plans are to extend the methodology to include more comprehen-
sive models of aging effects, test procedures, and maintenance programs.
Further plant-specific data are to be analyzed, and production schemes are to
be developed. Possible applications to assist regulatory decision-making will
also be investigated.
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4.2 RISK-BASED COMPONENT PRIORITIZATION:AND SELECTION

Objective: To develop and demonstrate methodo]og1es and procedures for
implementing a hybrid (PRA-based and determ1n1st1c) pr1or1t1zat10n of aged
components and structures.

Contractor° Pac1f1c Northwest Laboratory (PNL)

Methodo1og1 The PNL hybr1d approach se1ects and pr1or1t1zes a11 _
important-to-safety:components ‘based on-risk contribution resulting from
component risk importance and aging effects. The hybrid approach accomplishes
this by combining the active components selected by an age-dependent PRA-
based methodo]ogy with passive components and structures (SC) not included in
the PRA. - PNL’s -approach will-seek to -incorporate ‘the SC-not included in the
PRA :by us1ng the ‘results from the PRA as input to an expert panel determini-
stic method, the Ana]yt1ca1 Hierarchy Process (AHP). - 'In this approach, the -
risk: 1mportance for "active ‘components’ from :the PRA“are used to provide bench-
marks for the -AHP values for these: components The ‘relative risk importance
of the passive ‘components and :structures would then :be derived from their -
h1erarchy relative to the active components by the‘expert.panel.’ The effects
of aging on the failure probability of each passive SC will then be calculated
using inputs on failure rate, effective:test interval, and effective renewal/
replacement interval, as was prev1ous1y done for the PRA-based active
components. The resultant aging failure 'probability of each SC will be com-
bined with its risk importance to produce the resu]tant r1sk contr1but1on from
age-related degradat1on : -

Status: The PRA based component pr1or1t1zat1on methodo]ogy 1ncorporat-
ing the eff effects -of multiple component- aging was deve]oped -This PRA-based
methodology was used to. pr1or1t1ze -active‘components using two: NUREG-1150
PRAs, one each for.a PWR and BWR.- From‘the prioritization, high-priority com-
ponents were identified and se]ected ‘for improved maintenance, which was
implemented through redpct1ons in the 1nspect1on and renewal 1nterva1s A
report on this effort'd/ s undergoing peer review at NRC before its antici-
pated publication by the end of 1991. ’

- Results:  The PRA-based stud1es prov1ded two important perspect1ves on
aging effects. "The first is ‘that aging’ of piant components may result in-a
significant. increase to plant -risk;: the amount of increase may:be plant- -
spec1f1c The results of 1ncorporat1ng the effects of multiple component:
aging demonstrated that aging may be viewed as an important common cause of
component failure. Integrating single and multiple components in a priori-
tized 1list of components also demonstrated the importance of developing more
comprehensive PRAs to incorporate all important contributors to plant risk.

(a) Levy, I. S., W. E. Vese]y Draft September 28 "1990. PRA-Based
Prioritization of Risk Contributions’and Maintenance: Importance for Aged
Active Components. "NUREG/CR-5587, Pacific Northwest Laboratory,
Richland, Washington. .- : : B
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Plans: Completion of the hybrid component selec¢tion methodology is
expected by the end of 1992.

4.3 SHIPPINGPORT AGING ASSESSMENT

Objective: To use data and naturally-aged components and specimens from
the decommissioned Shippingport pressurized-water reactor (PWR) to evaluate
aging effects, resulting from reactor service, on components and systems being
investigated in the NPAR Program and by other NRC organizations.

Contractor: Pacific Northwest Laboratory (PNL)

Methodology: As the Shippingport PWR was decommissioned, the ag1ng
assessment was conducted by 1) evaluating the relevance of Sh1pp1ngport to
operatlng reactors; 2) in-situ measurements on circuits and materials;

3) removing samp]es from selected components; 4) acqu1r1n? iomponents and
systems for use in studies at participating laboratories; and 5) acquiring
operating data, manuals, etc., to accompany equipment 1tems that were removed
for investigation by NPAR and other NRC organizations.

Status: Over 200 components (e.g., battery chargers, valves, a motor
control center) and specimens (e.g., from neutron shield tank, concrete, cast
stainless steel components, piping) were removed and sent to participating
Taboratories; all buildings and equipment have been removed and the decommis-
sioning is complete; PNL continues to provide assistance with data and infor-
mation on the components and specimens that have been acquired.

Results: Data from examining the Shippingport components and specimens
are providing characteristics of thermal and radiation embrittlement (by ANL),
aging characteristics of inverters/battery chargers (by BNL), check valves and
motor operated valves (by ORNL) and radiological assessments from coolant sys-
tem samples (by PNL). A cable sizing problem on a motor operated valve was
identified (by INEL), resulting in issuance of NRC Information Notice
No. 89-11.

Plans: Investigations are continuing on components and specimens from
Shippingport; PNL will continue to provide records support while the investi-
gations are in progress. Attention will be given to proper disposal of
Shippingport equipment used in the investigations.

(a) Elements and participants in the Sh1pp1ngport aging evaluation:
PNL

- Coordination

- In situ assessments ANL, INEL, PNL

- Components BNL, INEL, NIST, ORNL, PNL
- Samples of materials ANL.
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4. 4 AGING ASSESSMENT AND MITIGATION OF MAJOR LWR COMPONENTS AND STRUCTURES

ObJect1ve. To deve]op an understanding of the aging effects of major -
light-water reactor (LWR) components and structures so that the effects can be
effectively managed. The major emphasis of this project is on integrating, -
evaluating, and updating the research results from related programs, including
those sponsored by the NRC and industry. - The five specific objectives of this
project are -to 1) :identify and evaluate technical safety issues related to"
plant aging and LR; 2) evaluate and define 'surveillance and mitigation
methods;: 3? recommend revisions of codes and standards to support aging
management and LR; 4) identify additional ‘research projects needed to resolve
the technical safety issues related to plant aging -and LR; and 5) develop ‘and
evaluate life- -assessment’ modeIs and procedures for the maJor LWR components '
and structures. SRR . A : k

£ Ty

Contractor.. Idaho Natxona] Eng1neer1ng Laboratory (INEL)

Methodo]o The ‘project cons1sts of 1ntegrat1ng, eva]uat1ng, and
updating all tﬁe relevant technical information on degradation mechan1sms,
nondestructive inspection techniques, and monitoring methods relevant to major
LWR components and structures. -:The major sources of -information include
reports from comp]eted and ongoing NRC:and .industry research programs; NRC
Information Notices, Bulletins, and Generic Letters; and the Nuclear Power -
Experience database.. -Contributions : ‘from several technical experts -from-indus-
try, universities, and laboratories are sought to prepare the project reports.
Several other experts are sought to -critically review the -reports. * The proj--
ect results are being used to develop and modify regulatory guides, technical
specifications, Standard Review Plans, and ‘ASME Section XI Codes and Standards
related to aging and LR. A f1ve step approach 1s usedytoyaccomp]1sh the
progect ob3ect1ves"- L . ' o R E o

1. Ident1fy and pr1or1t1ze maJor components and structures accord1ng
- to relevance to. plant safety

2. Identify for each component degradat1on sites, mechan1sms and
‘'stressors;. identify: potent1a1 failure modes; and then eva1uate
.. current 1nserv1ce 1nspect1on methods.‘,, A -

3. Assess advanced 1nspect1on surve111ance and mon1tor1ng methods-
-.that can be used todetect, 'size, .and trend ‘age-related degrada-
tion. Evaluate current and -emerging methods to mitigate aging

damage.

4. Develop life- assessment procedures for LHR components and -
structures.

:r . : S . S

~5. Support the deve]opment of techn1ca1 cr1ter1a for LR .:1 ' - "lf{

Statu5°‘ Qua11tat1ve ag1ng assessments of ééﬁmaJor components 1nc1ud1ng
pr1mary pressure-boundary components, containments, emergency diesel. gener-
ators, and cables :and connectors have been’ comp]eted -This :assessment  marks
the compIet1on of the first two steps. -The remaining three steps are
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partially completed. For the third step, evaluation methods for materials
properties, monitoring techniques for acoustic emissions, and methods for mon-
itoring fatigue are being evaluated. As part of the fourth step, draft
reports on the life-assessment procedures for PHWR reactor pressure vessels,
LWR metal containments, PWR steam generator tubes, and LWR cast stainless
steel components are published. In the fifth step, the project personnel
provide input to the reports, which are being prepared by PNL for the
technical support of the regulatory activities related to aging and LR.

Results: Qualitative assessment has identified the technical safety
issues related to aging of major components and structures. The assessment
results show that the conventional inservice inspection techniques and pro-
cedures sometimes have questionable capabilities in detecting age-related
degradation and have inadequate capabilities in sizing aging damage. Emerging
inspection and monitoring methods have been identified for detection, sizing,
and trending of aging damage. Modifications of ASME Section XI codes and
standards have been identified. The project has also identified several
methods to mitigate aging damage in the major components and structures.

4.5 DEVELOPMENT OF THE TECHNICAL BASIS FOR GUIDANCE TO SUPPORT REGULATORY
ACTIONS INVOLVING NUCLEAR PLANT AGING

Objective: To develop technical guidance needed to implement the
License Renewal Rule and to support future regulatory activities that address
aging in nuclear power plants.

Contractor: Pacific Northwest Laboratory (PNL)

Methodology: In developing the technical basis for regulatory guidance
and the supporting technical information, the approach has been 1) to collect
and organize all available information related to age-related degradation in
NPPs, and 2) to perform the integration and analysis required to apply this
information to reqgulatory needs. The NPAR Program has been a major source of
basic technical information for this topic. Additional sources include
reports from other NRC research programs, industry technical reports, and a
wide variety of reports that document results of domestic and foreign aging
research programs. The collected body of information is summarized to a
degree suitable for the required regulatory guidance. This information is
then organized in an appropriate format to address the requirements in the
proposed regulatory action, such as the LR Rule.

Status: Several products, some of which represent multiple revisions,
have been generated. These products include 1) a detailed criteria and
screening methodology for selecting SSCs important to LR; 2) criteria and
requirements for programs for understanding and managing aging in support of
LR; 3) the detailed technical basis for a regulatory guide on technical infor-
mation requirements for LR applications; 4) a draft handbook that recommends
practices to manage aging in NPPs; 5) organizing the current body of NPP aging
technology in a format that corresponds directly with the Standard Review Plan
(NUREG-0800); 6) a survey of the major regulatory instruments, including codes
and standards, to assess adequacy with which they address age-related degra-
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dation; and 7) a quantitative, deterministic ranking of safety-related PWR
systems and their constituent components in terms of safety significance and
aging effects on safety margins. Work continues on each of these act1v1t1es,

Results: Guidance developed under this task has contributed to a draft.
regulatory guide (DG-1009) and NUREG/CR 5562, which:supplements the regula-
tory guide and updated versions of regu]atory instruments such as the Stan-'
dard Review Plan. These documents: represent the primary channels through .
which results of the NPAR program and other research on aging phenomena W111
2e]app11ed in the regu]atory process Anticipated products include the

0 OW1ng . . : :

« the technical basis for a regu]atory guide that identifies the
technical information to be supplied as part of an application for
an operating LR; this regulatory guide will be needed to supplement
the License Renewa] Rule (55 FR 29043).

« a comprehensive handbook reviewing information useful for managing
.. age-related degradation in NPPs; this handbook will supplement the
. regulatory guide with detailed, technical. information presented in .
a systems format that mirrors the Standard Rev1ew Plan
(NUREG-0800). '

Plans: Development of the regulatory guide on technical content of LR
app]ications will proceed in para11e1 with LR rulemaking. The goal is to
issue a final regulatory-guide in-April 1992. "The handbook will be comp1ete
in December 1991 and will be updated annua]]y or b1annua11y

4.6 TECHNICAL SPECIFICATIONS --FROM AGING PERSPECTIVE

Objective: To evaluate the 1essons learned from NPAR aging stud1es that
have potential app11cat1on to technical specification (TS) requ1rements

Contractor: Pac1f1c Northwest Laboratory (PNL)

Methodology: - The TS. requ1rements w111 be evaluated from three perspec-~
tives: 1) their adequaqy in.considering .age-related degradation mechanisms,’
2) as potential contributors to.aging (e.g., TS requirements for frequent fast
starts of diesel generators of.the loads imposed on auxiliary feedwater pumps
while testing in the pumping mode), and 3) as a means for detecting, trending,
and managing ‘aging through surveillance testing. These evaluations will be
performed by reviewing, from an aging:perspective, the.products of the NRC
Technical Specification.Improvement program:and identifying potential modifi-
cations that would account for aging.  This task will make recommendations for
better testing and monitoring of the condition of SSCs and better detection of
incipient failures. The emphasis will be placed on "quality over quantity"
and frequency of testing.
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Status: The revised TS have been subject to a recent comment period.
Some NPAR studies are at a point where recommendations for TS improvement can
be made. Other NPAR studies are in progress and identification of TS inputs
is premature.

Results: The NPAR program provides for component- and system-specific
identification of condition indicators and age-related degradation sites. The
results of the TS assessment will be useful to focus on the quality of tests,
such as detecting defects in the incipient or degraded state.

Plans: Key considerations are determining whether the TS effectively
address detection and management of age-related degradation, and determining
the extent that TS requirements contribute to age-related degradation as a
result of test procedures.

4.7 GUIDANCE FOR RECORDKEEPING

Objective: To determine if changes are needed in nuclear plant record-
keeping practices to support aging management and potential extended plant
operation. Such changes could affect the types of information collected, how
it is stored, and how it is used.

Contractor: Pacific Northwest Laboratory (PNL)

Methodology: This task addressed the current status of nuclear plant
records systems and the recordkeeping implications of NPAR research and simi-
lar programs in the United States and abroad. Also considered were the capa-
bilities of recordkeeping techniques and technhologies to make changes when
needed. This research was conducted by reviewing the nuclear plant aging and
records management literature and through discussions with nuclear plant
records personnel.

Status: A draft NUREG/CR report(a) has been prepared for review; deci-
sions concerning additional regulation needed in recordkeeping will be part of
the overall LR rulemaking process. Although not formally representing the
NPAR Program or the NRC, PNL staff participated in an IAEA Consultant’s
Meeting in July 1989, held for the purpose of drafting preliminary guideiines
for recordkeeping needed to support nuclear plant life extension and LR.

‘Results: Plant records cannot resolve all the aging management issues.
Although nuclear plant recordkeeping is extensive, implementation at different
plants is highly variable and does not always fully support engineering, main-
tenance, and operational activities. Research on this task suggests that reg-
ulatory guidance and standards need to focus more on how recordkeeping can

(a) Dukelow, J. S. 1990. "Recordkeeping Needs to Mitigate the Impact of
Aging Degradation, Including During a License Renewal Period." (Draft),
Pacific Northwest Laboratories, Richland, Washington.
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support safe plant operation.  Details ‘about information that should. be:.col-
lected to support aging management and potential life extension require care-
ful plant-specific analysis.: Existing recordkeeping.techniques and technology
are adequate, -but surveillance, ‘monitoring, and testing- techn1ques may not be
adequate to determ1ne re51dua1 11fe for a11 SSCs

P]ans Future work ‘on: th1s task W111 1nc1ude 1) cont1nu1ng reV1ew of
the recordkeeping implications of other NPAR aging assessments, 2) review of
the treatment of recordkeeping needs in-industry topical ‘reports (prepared
under the 'auspices of NUMARC), and 3) input for the technical basis for such
regulatory guidance,: if ithe NRC dec1des to 1ssue forma] regulatory gu1dance on
recordkeep1ng needs for LR

4.8 THE USE OF NPAR RESULTS IN INSPECTION ACTIVITIES

ObJect1v To expTore the areas i wh1ch NPAR Program resu]ts coqu
enhance the NRC inspector’s ‘understanding of age-related degradation and con-
tribute to a more effective rinspection. ‘Also, to identify the NPAR informa-
tion that can focus inspections on those ‘components:and systems vulnerable to
age-related degradation, and to develop a method for integrating research
results into the inspection process.

Contractor Brookhaven Nat1ona1 Laboratory (BNL)

ethodo]ogx Severa] tasks have been accomp11shed toward: 1ntegrat1ng

NPAR information into the NRC Inspection Program. These tasks ‘determined -
which NPAR information is relevant to the inspector, the way in which the’
NRC’s Inspect1on Program addresses ‘the performance of components and 'systems,
and the format in which the NPAR 1nformat1on can be presented S0 that it can
be read11y accessed and updated coo : . R

Status A report has been" 1ssued descr1b1ng the NPAR resu]ts that can
enhance NRC inspection activities. Recommendations are provided for communi-
cating pertinent information to NRC : 1nspectors These recommendations ‘are
based on-a detailed assessment of ‘the NRC’s ‘Inspection Program ‘and feedback -
from resident ‘and regional inspectors. - NPAR report summaries and: 1nspect1on
guides for ag1ng have been comp]eted for components and systems stud1ed at
BNL. . -. TP

Plans: BNL W11] cont1nue toxwork W1th the other NPAR contractors and
with Office of Nuclear Reactor Regu]at1on/1nspectlon and -Licensing Program: -
Branch to:establish a comp]ete manua] of summar1es and gu1des ava1]ab1e to the
NRC inspectors. ’ o P !

T

4.9 AGING RELIABILITY MODELING OF ACTIVE COMPONENTS i{f'\
| b]ect1v To deve]op mathemat1ca1 modeTs us1ng operat1ng exper1ence"'
data to character1ze ‘the degradation-rate of 'a component with its age; ‘these
models will estimate 'the component :failure rate from this degradat1on rate ‘and
calculate the effects of the component aging on the plant r1sks :
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Contractor: Brookhaven National Laboratory (BNL)

Methodology: The aging reliability modeling focuses on analyzing the
times of component degradation to model how the degradation rates change with
the age of the component. Similar trends are also developed for the failure
rates as they change with the age of the component. The methodology also
discusses the effectiveness of maintenance the applies to aging evaluations.

Status: The specific applications of this technique that are completed
include residual heat removal pumps, service water system pumps, and compres-
sors. Plant-specific data on a particular component are preferred when com-
pared to that from the nuclear plant reliability data system. The study also
discussed several limitations on the model and stat1st1ca1 tests for combining
data for similar components from other plants.

Results: Models for other active components will continue to be devel-
oped. The failure rates developed will be used in the PRA models for specific
plants to calculate risks caused by aging in these components. Finally, a
screening methodology for selecting and prioritizing components will be devel-
oped to improve the present aging mitigation programs.

4.10 REGULATORY INSTRUMENT REVIEW

Objective: To investigate how effectively regulatory instruments (docu-
mentation), such as regulatory guides, standards, specifications, and codes,
provide guidance for aging of major safety-related LWR components.

Contractor: Pacific Northwest Laboratory (PNL)

Methodology: Eight regulatory instruments were chosen for review: the
Code of Federal Regulations, the NRC Regulatory Guides, ASME Boiler and Pres-
sure Vessel Code, generic safety issues, standard technical specifications,
American Nuclear Society standards, the Standard Review Plan and Institute of
Electrical and Electronic Engineers (IEEE) standards. Components for the
review were selected from the NPAR program’s major LWR safety-related compo-
nent BWR and PWR plants. Typical components chosen for review were the
reactor pressure vessel, primary piping, .cables, emergency diesel generators,
containment and basemat, and selected pumps and valves; these components are
representative of mechanical, electrical, vessels/piping, and structural
facilities. The review technique consists of determining the principal aging
issues for each component, e.g., corrosion and fatigue, and then investi-
gating the instruments to determine aging guidance with reference to the aging
issue chosen. Results of the reviews have been reported in tables that list
each component versus the instruments and aging issues.

Status: The review began in FY 1988. In March of 1989, a PNL report
was published entitled "Guide to Regulatory Instruments for LWR Reactor Pres-
sure Vessels: Aging and License Renewal Considerations" (Werry 1989). In
FY 1990 a draft report, "Regulatory Instrument Review: Management of Aging of
LWR Major Safety-Related Components, Volume I" (Werry 1990), was issued for
the following components: the reactor pressure vessel, the primary piping,
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the steam generator, the pressurizer-vessel, and the -emergency diesel genera-
tor. During FY 1990, the instruments were evaluated for containment and base-
mat and cables. N

Results: The resu]ts of the reV1ew have shown, w1th some except1ons
found in the IEEE standards, that the instruments included in this review do
not explicitly address aging or LR. However, ag1ng management does exist
because safety-related design, construct1on, and operation ‘are consistent with
principles needed to provide aging management and extended operat1on The
results indicate that revisions are‘'needed in:the instruments.. Pr1nc1pa1
suggested-revisions are’ funct1ona1 criteria-that clearly define:the require-
ments of aging management ~Other.‘revisions ‘are needed to enhance and encour-
age improvements in nondestructive examination (NDE) methods and tools.

Plans: The instrument:review'will continue through FY 1991 with the
investigation of selected pumps and valves. The reviews of these components,
together with the reviews of -containment-and.basemat, will be published as
Volume' Il of: NUREG/CR 5490 Rev1ews of NRC not1ces and bu]]et1ns W111 be o
updated inFY 19912 S SEREHPE ?vﬁ g '
It is suggested that rev151ons to the regu]atory 1nstruments are needed
to fu11y address the aging aspects of nuclear power plants. These instrument
revisions will require additional information and research. More conclusive
information is needed in 'the following areas: -rate.of time-dependent material
degradation for SsCs, e.g., rate of consumption of fatigue design life; =
evaluation of -aging 1n1t1at1ves in industrial/codes and:standards .for- appli-
cable revision; evaluation of: rep]acement of 'SSCs”as.an aging management - -
strategy. ‘Research is also needed for/ improved NDE.methods to-evaluate mate-
rial properties, including embrittlement,:and" fracture toughness, fatigue
strength, and evaluation of 1ntergranu1ar stress corrosion cracking.

(Improved acoust1c em1ss1on( is a strong cand1date for 1mproved mater1a1
assessment ) - - a i -

R

4. 11 REVIEW OF INDUSTRY TECHNICAL REPORTS FOR LICENSE RENEWAL

Ob]ect1v Prov1de NRC W1th rev1ew comments on the e]even Industry
Reports that 1dent1fy LR 1ssues for nucIear power plant components :

v'_'J. P3N <

Contractors A]] NPAR Laborator1es e Vf'-f .
, ethodo]ogx The reports are rev1ewed at the 1aborator1es, and comments
are comp11ed through the NPAR Program Coordlnator for transm1tta1 to NUMARC
| Status ‘See- F1gure 5 2 for the status of 1n1t1a1 reviews. Further
1teratjons on some of the NUMARC responses’to NRC.comments may be requested. .

e b N N . . S .
[ T OURE AV Tt R . .

. e e - D A S T YU Y I
S _--_qw T} ,."»:__v‘k N . [

(a) An ASME Boiler and Pressure Vesse] Code, Sect1on XI ‘Code” Case N 471, is
currentIy in the "pending adoption" use status “for acoustic emission
inservice inspection.
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Results: The NPAR participants have provided comments on all Industry
Reports (see Figure 5.2) to the NRC.

Plans: Further reviews will be conducted and additional comments pro-
vided to the NRC as requested.

4,12 AGING EFFECTS IN BALANCE-OF-PLANT SYSTEMS

Objective: To identify and characterize aging effects in balance-of-
plant (BOP) systems on plant performance, to calculate the plant risk due to
systems aging, and to evaluate and assess the plant aging mitigation activi-
ties on BOP systems.

Contractor: Brookhaven.Nationa] Laboratory (BNL)

Methodology: An aging assessment will be performed on the BOP systems
and components that are considered important for safe operation of a plant.
The study will analyze plant data pertaining to operating experience,
unplanned reactor scrams, and maintenance to characterize aging in BOP compo-
nents. The component data will then be used to determine the reliability of
each BOP system. ;

Status: A preliminary evaluation of several other studies on BOP sys-
tems was completed. Unplanned reactor scrams and shutdowns reported in the
NRC graybook (NUREG-0200) were obtained in database files for further analy-
sis. The data pertaining to Combustion Engineering plants were analyzed.
Similar efforts will be performed for the Westinghouse, Babcock and Wilcox,
and General Electric plants to characterize aging in BOP systems.

Results: The frequency of unplanned reactor scrams has been cited as an
indicator of safety performance. The main contributors to unplanned reactor
scrams caused by BOP systems are the feedwater, main turbine, main generator,
main steam (usually the steam bypass to the main condenser), and the conden-
sate systems. The electrical distribution system and, less frequently, the
circulating water, service/instrument air, fire protection, and heating,
ventilation, and air conditioning (HVAC) systems are also frequent contribu-
tors. The electrical distribution system consists of the 120V ac power,
switchyard, large plant loads, dc power and control centers. At a component
level, the feedwater regu]at1ngAva1ves and turbine-driven feedwater pumps are
frequent contributors, as well as the main turbine electro-hydraulic control
subsystem. Failures in the main generators are also important. Based on the
study completed for Combustion Engineering plants, the reactor scram/shutdown
rates initiated from support systems (such as the cooling water system; elec-
trical distribution, other than the safety-bus; air systems; and HVAC, other
than the control room) increase with the age of the plant. Similar trends are
also observed for the turbine/generator systems.

Plans: In addition to analyzing the operating experience data, other
considerations involving potential effects of failures of non-safety-related
components will be analyzed. Plant-specific data relating to BOP systems will



be analyzed to calculate their aging effects on the plant risk. Plant main-
tenance activities will be assessed in the light of alleviating aging problems
that can stem from the BOP system/component degradation.

4. 13 MAINTENANCE 10 MANAGE AGING

ObJect1ve .To 1) identify how ag1ng management pr1nc1p1es can be
applied to improve maintenance practices; 2) interact with the ongoing efforts
on risk-based prioritization to identify plant-specific app11cat1ons of the
risk-based methodology as it applies to maintenance practices; 3). systemati-.
cally evaluate plant maintenance practices and determine how these practices
need to be improved to effectively manage aging; ‘4) support NRC initiatives,
including ‘the Maintenance Rule, reguIatory guides, and LR act1V1t1es

Contractor. Pacific Northwest Laborator1es (PNL)

Methodology: The foIIOW1ng four foId approach 1s used. 1) Results of
NPAR hardware tasks were reviewed to 1dent1fy effective maintenance practices
and recommendations for manag1ng aging; detailed gu1dance ds.obtained from .
NPAR contractors concerning how results of their component or system studles
should be translated into improved maintenance practices. . 2) Surveys are.made
of maintenance practices in four. areas--Japanese nuclear, U.S. commercial
aviation, U.S. Air Force B-52 program, and the U.S. Navy Extended 0perat1ng
Cycle Program for nuclear submarines. 3) NPAR pr1or1t1zat1on ‘methodology is
used to identify maintenance intervals and other parameters that need to be
evaluated on a .plant-specific basis, including working with one or.more plants
to develop prototype maintenance program. improvements, based on aging con-
siderations. 4) Information from the NPAR component/ma1ntenance system
studies and from the plant-specific studies: is used to identify. specific pro-
gram modifications (e.g., surveillance methods, intervals and trend1ng) and to
ensure that plant maintenance pract1ces effectively address aging management

Status: A draft report, Ma1ntenance Pract1ces to_Manage Aq1nq, A Rev1ew
of Several Technologies, has been_prepared, which includes summaries.of main-
tenance practices in other technologies, -including recommendations on how
certain approaches may be -useful to .the nuclear industry.. Preliminary.discus-
sions have been held between PNL maintenance and pr1or1t1zat1on staff to 1den-
.tify 1mportant areas for future interaction. : iy RTINS

. P]ans Proceed to 1) comp11e and eva]uate ma1ntenance recommendatlons
emerg1ng ing from NPAR systems/components. studies; 2) conduct.-selected eva]uat1ons
of plant-specific maintenance data with relevance to -prioritization methodol-
ogy; 3) systematically review current plant maintenance methods and practices
to identify areas where recommendat1ons for changes.are needed.

4.14 " AGING DEGRADATION OF CABLES

Objective: To determ1ne the 11fe extens1on potent1a1 of cab]e products
used in nuclear power plants and to determine the potential of condition
monitoring for residuai-life assessment of cables.
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Contractor: Sandia National Laboratories (SNL)

Methodology: Twelve cable products, representative of those currently
in use inside the primary containment of nuclear power plants, are being aged
and then subjected to simulated design basis accidents. Simultaneous thermal
and radiation aging exposure is used to age the cables to nominal equivalent
lifetimes of 20, 40, and 60 years. This is followed by a sequential accident
exposure consisting of high dose rate irradiation followed by a simulated
loss-of-coolant accident steam exposure. Condition monitoring measurements
performed during aging are assessed for their ability to predict cable degra-
dation. Extensive monitoring during accident tests evaluates aged cable per-
formance under accident conditions.

Status. Aging and accident tests of all cables have been completed.
Extensive electrical and mechanical properties measurements have been and are
being performed. A high temperature steam test, a submergence test, and a
test of unaged cables have also been completed.

Results: The results of the Aging Degradation of Cables Program have
shown that a number of popular cable products might qualify for extended life
operation. However, some cable products failed during accident testing, while
others exhibited reduced insulation resistance that could be significant in
some applications. Some cable condition monitoring parameters could be useful
to assess remaining cable life. '

Plans: Additional condition monitoring measurements will be performed
and the final reports for the experimental program will be completed.

4.15 FIRE VULNERABILITY OF AGED ELECTRICAL COMPONENTS

Objective: To identify and investigate issues of plant aging that might
result in an increase in plant fire risk.

Contractor: Sandia National Laboratories (SNL)

Methodology: The Fire Aging Program is drawing upon Sandia's unique
fire testing anﬁ analysis capabilities developed, in part, as a result of the
USNRC-sponsored Fire Protection Research Program, coupled with Sandia's exten-
sive understanding of fire risk analysis methodologies and results. Using
these capabilities, Sandia has identified and prioritized a list of six plant
aging issues that can significantly affect estimates of fire risk. These-
issues are now being investigated in a systematic manner through testing and
analysis.

Status: To date, two of the identified issues have been resolved.
These are the impact of aging on 1) the vulnerability of electrical cables to
thermal damage, and 2) the flammability of cable insulation materials. Cur-
rent investigations of the impact of aging focus on the vulnerability of other
types of plant equipment to fire-induced damage and the integrity and fire
performance of passive fire barriers.
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- Results: . The results of these efforts have demonstrated that two of the
initially. 1dent1fied issues need not be: further considered.” The:two studies
involving the fire performance of electrical cables have demonstrated that .
changes in either the flammability or thermal fragility of cables that resu]t
from aging will not result in a significant increase -in:fire risk estimates.

:Plans:  Future efforts will continue to:utilize Sandia’s unique fire
testing ng and analysis capabilities to investigate the remaining identified fire
aging issues consistent with the prioritization of those issues that were
developed early in the program.. . :

4.16 OTHER SPECIFIC TOPICS -

Though not included in Tab]e 4 1 the fo]]owing have a1so been topics of
spec1a1 topics

4.16.1 gIﬂgZSEISmIC Shock Interggtio

An. understanding of the vulnerabi]ity of degraded equipment to seismic
disturbances is necessary for.extending the:design 1ife .of ‘an:NPP. - This
includes the original plant 1ife of 40:years and any extended operating.
period. Current industry standards (IEEE Standards 323°and ‘344).and relevant
regu]atory guides require pre-aging before seiSmic qualification’ of electrical
equipment. ~However, the NRC has not determined:such:a‘need for mechanical
components and is. currently. eva]uating the significance of aging as a factor
in qualifying mechanical: equipment " Therefore, an assessment is: needed of the
potentia1 importance’ of: aging 1n degrading the seismic performance of
equipment ; : - =

Both the nuclear industry and the NRC have ‘ongoing: programs to assess
the aging-seismic effects These inc]ude the fo]]owing

oo T

e Tlaboratory testing of natura]ly- and artifiCia]]y aged components |
o qualifying equipment using existing test data _iﬁ ' '
. u51ng experimentai data- for qualifying components

o-.eva]uating seismic fragi11t1es for different components f
»o" 1dent1fy1ng weak 11nks 1n certain equ1pment assemblies o

" -developing surveiliance and- maintenance programs ‘to a]]eViate the o
- effects of aging on seismic performance of equipment '

To av01d duplication of work some studies involve coordination between

industry and the NRC. Recently, it was determined that the qualified life of
some equipment may have to be extended when a utility submits an application
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to the NRC for a license renewal. In that case, the components originally
qualified for a 40-year period would have to be reassessed for extended
operation.

4,16.2 Role of Safety-Centered Aqind Management

Elements of maintenance work for NPAR aging studies on SSCs are outllned
below:

o reviewing current practices and procedures used by nuclear utili-
ties to maintain equipment.

e reviewing nuclear-equipment-vendor recommendations on maintenance
of components or subcomponents selected for aging assessments.

+ performing an evaluation, including a comparative analysis, of the
relative merits of performing corrective maintenance when a compo-
nent has been discovered to be malfunctioning versus the merits of
programs concentrating on preventive maintenance. Emphasis is
placed on the relationship between failures (causes or modes)
expected to be experienced during operation and those that would
potentially occur under the stresses associated with design basis
or trigger events.

e evaluating the relative merits of predictive methods that can be
used to identify imminent failures and to enable maintenance or
replacement to be scheduled, based on actual equipment performance.
This age-related approach lends itself to reliability methods and
condition monitoring to mitigate equipment degradation.

e identifying, where possible, those component failure mechanisms
likely to be inadvertently induced through faulty preventive or
corrective maintenance actions. Specifically, identify those
failures that might be detectable through short-term post-
maintenance, surveillance, inspection, or monitoring.

o developing recommendations for acceptable or preferred maintenance
practices, based on the preceding activities.

These activities emphasize the technical (e.g., mechanical, electrical)
aspects of maintenance rather than institutional, organizational, program-
matic, or human factor considerations.

Evaluations are made on the role of maintenance in managing the aging of
SSCs. A review of present practices, in terms of a comparative analysis of
corrective versus preventive maintenance, and recommendations for preferred
practices are included for all SSCs in this study.



4,16.3 Status of the Maintenance Rule

The importance of effective maintenance programs in ensuring safe and
reliable operation of NPPs has been widely recognized by both the NRC and the
industry. A high level of plant safety requires a high Tevel of reliability
of all safety-related SSCs. This high level of reliability must not only be
designed into the SSCs and ensured by effective quality control procedures, it
Tust ?gsgusta1ned during p1ant operat1on through sound ma1ntenance practices

Dey .

In the ear]y 19805, several 1ndustry.end NRC studies conc]uded that
there was significant room for improvement in planning and implementing effec-
tive maintenance programs. Shortcomings in the :established practices at some
NPPs were resulting in an unacceptab]y high ‘rate of challenges to safety sys-
tems, and unnecessarily high radiological exposure of maintenance personnel.

As a result of these findings, the NRC implemented a ‘Maintenance and Surveil-
Tance P]an (SECY-85-129), beginn1ng in. 1985

The in-depth findings and conc]us1ons from Phase I of the NRC Mainte-
nance and Surveillance Plan (MSP) confirmed .that maintenance-related safety .
problems were present to varying degrees -at - different NPPs (NUREG-1212). 1In
response to the findings ‘of the MSP, the NRC developed and formalized the Com-
mission’s position on maintenance at NPPs (53 FR 9430). -This policy statement
was the subject of a public workshop (NUREG/CP-0099) and, together with find-
ings from a review of U.S. and -foreign maintenance programs (Dey 1988), formed
the basis for issuance of a proposed rule (53 FR 47822) and a draft regulatory
guide (DG-1001) def1n1ng the ‘essential e1ements of an effect1ve ma1ntenance
program.

Promulgation of the final Maintenance Ru]e was strong]y opposed by the
NPP industry, who had already initiated several actions aimed at improving the
effectiveness of maintenance practices and increasing the reliability of NPPs.
Consequently, the Commission decided ‘to postpone rulemaking on maintenance for
a period of 18 months (until June 1991) to monitor the industry initiatives
and progress in improving the effect1veness of maintenance programs
(54 FR 50611).

Act1v1t1es to resolve the status of the Ma1ntenance Ru]e have resumed

Options have been evaluated and a recommendat1on is schedu]ed to be presented
to the ACRS in April 1991.
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‘.5.0~ LICENSE:RENENAL'

L1cense renewal (LR) would perm1t qua11f1ed nuc]ear power p]ants (NPPs)
to operate .for a licensed period beyond the current 40-year limit. Since the
mid-1980s, ‘the nuclear :industry has been actively developing the technical --
basis for LR. In parallel, the NRC has sponsored programs to understand the
technical issues involved in LR and is-developing the regulatory basis to
review industry requests for LR. License renewal is a priority:activity for
the NRC and has been an element of the NPAR Program (see Figure 3.1 and
Section 3.0).

Figure 5.1 shows the time frames for current 11censed operat1on to
40 years and for proposed extended plant-operation beyond 40:years.. In the
figure, aging processes are shown to be ongoing in both time frames and
hence, must be effect1vely understood and managed across’ the ent1re operat1ng
Tife. of the p]ant ) :

Aging

Curreht’Operé:’;tihgj ;.Lic;en‘éfe_x e '-%Exte,}n,d'ed | Plagnt‘ Opération

o

~eer

} S

"Managmg Aglng A Necessﬂy to Ensunng Safety"
© - ~Guy A Arlotto

FIGURE 5.1. Nuclear Power Plant Licensing Regimes and Aging Importance
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Although the NPAR aging studies have applied mainly to the operating
license time frame, the principles of understanding and managing aging derived
from the studies are equally applicable to extended plant operation. Specif-
ically, the hardware studies (Section 3.0) and the special topics (Sec-
tion 4.0) provide technical bases for understanding and managing aging in
structures, systems, and components (SSCs). These studies are part of the
technical bases that provide guidance and input to the NRC's development of
the basis for LR. Some of the bases for understanding and managing aging are
discussed in Appendix B.

5.1 REGULATORY GUIDANCE FOR LICENSE RENEWAL

The NRC has proceeded to establish the regulatory basis for LR by devel-
oping a LR Rule, which has been issued for public comment (55 FR 29043). The
LR Rule will establish the regulatory guidelines for the LR process and will
require that age-related degradation in NPPs be managed effectively during the
LR period. The LR Rule will be supported by a draft regulatory guide to spec-
ify for the applicants the content and format for the LR application. This
draft regulatory guide, Standard Format and Content of Technical Information
for Nuclear Power Plant Operating Licenses, (DG-1009) also was issued for
public comment (55 FR 50065). .A third mportant initiative of the LR regula-
tory process will be the Standard Review Plan for License Renewal (SRP-LR),
which is intended to guide the NRC staff in reviews of LR requests. The draft
SRP-LR (NUREG-1299) also has been issued for public comment ?55 FR 50065). To
provide more detailed technical support to the regulatory guide and the
SRP-LR, a compilation of aging management information (Morgan and Christensen
1991) has been prepared, including input from NPAR research staff at several
laboratories. A draft (NUREG/CR-5562§ has been issued for comment.

5.2 NPAR PARTICIPATION IN THE LICENSE RENEWAL PROCESS

Results from the NPAR aging assessments provide the regulatory staff with
a basis to evaluate the effects of age-related degradation on safety-related
SSCs both in current operations and in LR. The NPAR Program is contributing
to the development of LR by providing technical support to the LR rulemaking
and its implementation. Several NPAR initiatives support the License Renewal
Rule:

e Lead responsibility for developing the draft regulatory guide on
Standard Format and Content of Technical Information for Applica-
tions to Renew Nuclear Power Plant Operating Licenses (DG-1009)

* Lead responsibility for developing a Review of Information Useful
for Managing Aging, NUREG/CR-5562 (Morgan and Christensen 1991,
draft)




o Technical support to NRR e
- in preparat1on of the LR Rule and in reso]ut1on of pub11c ;
' comments on the Rule. . u - !

.- input to deve]opment of the SRP-LR

- rev1ew of NUMARC 1ndustry reports (see F1gure 5. 2 for reports
"and review schedules) .

- potentia] input to prepare Safety Eva]uation Reports (SERs

- potent1a] support to rev1ew 1ead p1ant app11cat1ons -

"The ‘following sections descr1be the- 1ndustry and regu]atory perspect1ves
on LR, industry report reV1ews,l]ead p]ant 1mp1ementat1on, and other NPAR
roles. ¢ ‘ A

' f ‘ ‘. ,!l -’." o f R 1 f : ;-' i
5.3° INDUSTRY PERSPECTIVE : ; L P : g_;; o ;

'.;

- In the u.s. there are over 110 commerc1a1 NPPs 1n operat1on, const1tut1ng
nearly 20% of .U.S..electrical: capacity. ' Several plants have operated for more
than 20 years and a“few are approaching 30 .years. The nuclear industry is
actively developing the basis to extend the life of operating reactors beyond
their or1g1na1 license term. From the industry perspective, a major motiva-
tion for LR-is:economic. The projected. net benefit to the U.S. economy is
estimated (to.exceed $100 b1111on, assuming .a 20-year life extension for cur- ;
rently operat1ng reactors. . The -industry recognizes that management of age-
related degradat1on is a key consideration for LR.

License renewal initiatives have been developed through cooperat1on among
the Department of Energy (DOE), the Electric Power Research Institute (EPRI),
and utilities, coordinated by the working groups of the Nuclear Utility Man-
agement and Resources Council (NUMARC), Nuclear Utility Plant Life Extension
(NUPLEX). - Two pilot studies werexcomp]eted -‘a-boiling-water reactor -(BWR) -
eva]uat1on involving the Monticello.plant (operated by Northern States Power
Company) and a pressurized-water reactor (PWR) evaluation involving the Surry
plant (operated by Virginia Electric Power Company). .Subsequently, a bidding
process was used to select two lead plants to develop:formal applications for
LR. ~The two plants selected were a BWR (Monticello operated by Northern™
States Power Co.) and a PHR (Yankee Rowe operated. by Yankee Atomic Company)
The LR app11cat1ons are schedu]ed to be subm1tted ‘to NRC in. 1991 (see :
F1gure 5. 2) Lo ' L _ .

"From a techn1ca1 perspect1ve, 1t s, recogn1zed that certa1n p]ant SSCs
important ‘to LR that are not readily refurbmshab]e or-replaceable are subject
to age-related degradation.. The:position was“stated at the:NRC Pub11c Work-
shop on Technical and Po11cy Considérations-for NPP License’Renewal
(NUREG-1411): "The. focus of licensé renewal is mitigation-and management of
age-related degradation to ensure an adequate level of safety." It is_ :
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Schedule of License Renewal Rule Development and Implementation




commonly viewed that re11ab111ty and operational-readiness: of risk-signif- .
}cgnt SSCs subject to ag1ng must be ensured dur1ng the1r entlre operat1ng
ife . v : : ‘ .

The industry, DOE,.and;ERRI'have'developed industry reportsa(IRs)hthat; -
present, on a generic basis, the technical and safety issues .that they con- ..

sider important to LR. The reports have been subject to NRC review and
comment. The industry proposes that .preparations to renew licenses for indi-

vidual plants would be guided by the IRs, .but also that each plant would need . -

to assess the plant-specific issues related ‘to the components. or structures

addressed by the IRs. Both the 1ndustry and the ‘NRC .are focusing on programs'f
to determine residual 1ife of major :LWR components and :structures. A screen- .
ing methodology to identify components that may degrade during extended .opera-

tion"has been -proposed.... The role of that screening. methodo]ogy or an alter-
nat1ve approach W111 be an 1mportant LR cons1derat1on

: v AT N

5.4 REGULATORY RESEARCH PERSPECTIVE - *":3 . :3 '.v'x;_

- Research: programs conducted under the NRC 0ff1ce of Research have focusedﬁ

on understanding and managing aging in nuclear safety-related .SSC (see Fig-

ure 1.1). The Structural and Seismic: Engineering -Branch sponsors research on "
concrete structures; the Materials {Engineering :Branch is focusing on reactor -
pressure boundary components, the Electrical and Mechanical Engineering Branch

conducts aging research on safety-related systems and.components under the.

NPAR program. These programs help to resolve uncertainties regarding degrada-'

tion processes that affect key SSCs and detection and management ‘of degrada-
tion before safety is .impaired... The programs also focus on methods to .

mitigate simultaneous, multiple age-related failures.of components that could -
occur during a transment or acc1dent thereby compromis1ng the funct1on of the

safety systems. : , TS

. Reviews of operating experience indicate'that components can fail from
numerous causes, including corrosion,: radiation, thermally-induced embrit-
tlement of electrical insulation, pitting of electrical contacts, surface

erosion, .metal fatigue; oxidation, creep, -and binding -and -wear. As operating

reactors advance in age ‘toward the_nominal design life. of 40 years .or in -
extended operation, the major regulatory safety issues are ensuring that aged
plant systems and components do not result in failures, including common mode
failures that could weaken the defense-in-depth strategy, 1ead to-an acci-
dent, or render 1noperab1e the redundant but aged safety equ1pment needed to
m1t1gate acc1dents . R . S AR

KT

5.4. 1 Techn1ca1 Issues 11ffr;a7‘£n;f.rj;l:'

The technical 1ssues for 2 p]ant that demonstrates a- sat1sfactory oper-
ating history over a 40-year period are expected to be. related to the aging
and degradation of hardware, not to the current licensing basis of the plant
(NUREG-1362). Past .and current regulatory programs, as well as the NRC’s
evaluation of abnormal: operational events and inspection efforts, ensure that
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design-related safety issues are resolved on a continuing basis, and modifi-
cations are made to the plant where necessary. These modifications, in both
the physical plant and in the plant operating procedures, become part of the
current licensing basis for the plant. The current licensing basis of the
older operating plants is assumed to be adequate, a]though it may differ from
the design basis of new plants.

Safety during the renewal term can be ensured by systematically assessing
and managing the aging of selected safety-significant components of the plant.
A systematic approach to assess and manage aging will ensure a uniformity in
the scope of the licensees’ efforts and in the standards that they should
meet, while allowing the necessary degree of flexibility. The nuclear indus-
try’s pilot plant and Tead plant studies emphasize the importance of aging
analyses to support LR. Similar analyses will likely be conducted by all
licensees applying for LR, and these analyses will take into account the
significant findings of the aging studies by the NRC and the industry.

The aging management strategies for the renewal term adopted by the
licensees will 1ikely be plant specific, depending on plant type and vintage.
However, the development and implementation of these strategies will depend on
the quality of data and methods used in the aging analyses. Therefore, the
NRC’s specification of a formal methodology for these analyses will provide a
high level of safety assurance during the LR term.

5.4.2 Plans and Schedule

The schedule for implementing the proposed License Renewal Rule (Fig-
ure 5.2) includes separate but interdependent schedules for rule development,
regulatory guidance development, IR reviews, SRP-LR development and lead plant
implementation. The progress of each activity will influence the progress of
the others. Appropriate participation by the industry has been assumed, based
on schedules formally provided by NUMARC to the NRC.

Completion of ru]emak1ng will provide the basis for review of the lead
plants. If technical issues are resolved and regulatory guidance is developed
in sufficient time to create a stable regulatory environment for LR, then
other licensees can plan effectively for future generating capacity.

5.5 INDUSTRY REPORT REVIEWS

While NRC developed the LR Rule and regulatory guidance, the nuclear
industry (represented by NUMARC), EPRI, and DOE concurrently sponsored the
development of several IRs on important aging mechanisms that can affect
safety-significant SSCs. The NRC staff, assisted by the NPAR contractor
laboratories, have actively reviewed the IRs as shown in Figure 5.2.
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5.6 LEAD PLANT IMPLEMENTATION

Yankee Atomic Electric Company’s Yankee Rowe plant (PWR) and Northern
States Power Company’s Monticello plant (BWR) are expected to be the first two
p]ants to apply for LR. The preparation.and application work at these plants
is being sponsored jointly by DOE, EPRI, and NUMARC to test the LR process
established by the NRC. A series of meetings involving the lead plants, the
lead plant program sponsors, and the NRC has been initiated. Results from the
NPAR aging assessments will contribute to the technical basis for evaluating
the LR applications.

5.7 SUPPORT FROM CODES AND STANDARDS AND INDUSTRY GROUPS

Codes and sténdards organ1zat1ons, particularly ASME and IEEE have been
active in identifying methods to improve the codes and standards to develop
guidelines that will be valuable to manage age-related degradation.
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6.0 UTILIZATION OF RESEARCH RESULTS

The results from agxng studies. coordxnated by the Nuclear Plant Ag1ng :
Research (NPAR) Program have both technical and regulatory applications. This
section summarizes the status of the results of these studies, the documenta-
tion, and the general and’ spec1f1c -applications of results.- Add1t1ona11y, .
this section describes how the NPAR results contribute to understanding and
managing aging and how they support 11cense renewal (LR) rulemaking.

6.1 STATUS OF NUCLEAR PLANT‘AGING'RESEARCHiRESULTS

By the end of FY 1990, Phases I and .II.of the NPAR Program Strategy were.
completed for eight components ‘and three systems. Additionally, Phase-I
assessments of two components and one system were completed in FY 1990. ‘One
special top1c investigation (Shippingport aging eva]uat1on) was completed in
FY 1990. - Phase-I studies on fourteen special topics were completed in .
FY 1990. Results from these studies are contr1but1ng to the NPARtechnical
bases for LR. Two major NPAR 1n1t1at1ves supporting the LR Rule were. com-
pleted in draft form 1n FY 1990. - , 4

6.2 STATUS OF NUCLEAR PLANT AGING RESEARCH DOCUMENTATION

Approx1mate1y 95 NUREG/CR- reports have been issued (to Apr11 1991).
Brief summaries the NPAR reports that have been issued through May 1990 are
provided in Kondic and Hi1l (1990). ‘At that time, 72 NPAR reports had been
issued and " approx1mately 20 more were in draft form. Numerous papers based on
NPAR results have been presented ‘at the Water Reactor Safety Information Meet-
ings, at technical society meetings, and-at -national and international sympo-
sia. The papers generally were published in peer-reviewed journals and in the
proceedings of the respective conferences which include:

Third Workshop on Containment Integrity, Washington, D.C., May 21-23, 1986.
NUREG/CP 0076 u. S Nuclear Regulatory Comm1551on Nash1ngton D. C.

ProceedIngs of an Internat1ona1 Sympos1um on Safety Aspects of the Ageing ‘and
Maintenance of Nuclear Power Plants. 29 June to 3 July 1987, Vienna, Austria.
International Atomic Energy Agency. T : - '

1988 ASME ‘Pressure Vessel and:Piping" Conference -PVP 16 American: Society of
Mechan1‘51 Eng1neers New Y6‘k “New. York - '

Proceed1ngs of . the Top1ca1 Meet1ng on Nuclear Power Plant L1fe Extens1on,
July 31 - August 3, ‘1988, Snowb1rd Utah AmerlcanvNuclear Society, -La Grange
Park, Illinois. ST o ~

Proceedings.of the International iNuclear Power Plant ‘Aging Symposium, ed.
F. A. Beranek. NUREG/CP-0100. -U.S. Nuclear .Regulatory Commission,"
Washington, D.C.
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Sixteenth Water Reactor Safety Information Meeting, ed. A. J. Weiss.
NUREG-0097. U.S. Nuclear Regulatory Commission, Washington, D.C.

1989 ASME Pressure Vessel and Piping Conference, Honolulu, Hawaii, PVP
Vol. 171. Am. Soc. Mech. Eng., New York, New York.

10th_International Conference on Structural Mechanics in Reactor Technology
(SMiRT), Auqust 14-18, 1989, Anaheim, California. American Association for
Structural Mechanics in Reactor Technology.

International Conference on Operability of Nuclear Systems in Normal and
Adverse Conditions, September 18-23, 1989, Lyon, France. American Nuclear
Society, La Grange Park, Illinois.

15th MPA-Seminar on Safety and Reliability of Plant Technology. Stuttqart,
FRG, October 5-6, 1989. (To be published in Nucl. Eng. Design.)

Seventeenth Water Reactor Safety Information Meeting, ed. A. J. Weiss. NUREG/
CP-0105, U.S. Nuclear Regulatory Commission, Washington, D.C.

Transactions of the'Eiqhteenth Water Reactor Safety Information Meeting, ed.
A. J. Weiss. NUREG/CP-0113, U.S. Nuclear Regulatory Commission, Washington,
D.C. '

The NPAR technical bases for LR and the overall research program have
been subject to peer review, including reviewers from U.S. Nuclear Regulatory
Commission (NRC) staff; the Advisory Committee on Reactor Safequards (ACRS);
the Nuclear Safety Reactor Research Committee; the NPAR laboratories; Equip-
ment Quantification Advisory Group (EQAG) of the Electric Power Research
Institute (EPRI); NSSS vendors; and other industry groups, codes and stan-
dards groups, and industry experts. Some NPAR results have been subject to
review in workshops convened for detailed evaluations of the results.

6.3 TECHNICAL APPLICATIONS OF NPAR RESULTS

This section addresses the general and specific technical applications of
the results from NPAR aging assessments.

6.3.1 General Technical Applications

NPAR reports and other publications on aging assessments of safety-
related systems, structures, and components (SSCs) represent technical bases
that can assist both regulators and industry to understand further how aging
affects equipment, how to improve management of the aging processes, and how
to minimize potential impacts of aging on plant safety. Efforts are underway
to improve accessibility of these technical bases.

Inquiries from industry and from NRC staff indicate that the NPAR tech-
nical findings are being utilized. The NPAR technical bases demonstrate a
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sustained NRC commitment ‘to- understand1ng the effects of ag1ng of SSCs both
for the current license period and for’ extended p]ant operat1on

6.3.2 Spec1f1c Techn1ca1 App11cat1ons

Results from the NPAR hardware- orlented engineering studies 1nc1ude

several ‘specific technical findings ‘and recommendations that have near-term
applications. The following are severa] examp]es' - ,

Identified deficiencies in current 1nserv1ce test1ng (IST) program '
for auxiliary feedwater (AFw) pumps and . pub11shed recommendations
for 1mprovements in the IST programs for AFW pumps ‘[used for the
development of American Society for: Mechanical ‘Engineers (ASME)-08&M
Standards, Office of ‘Nuclear Reactor Regulation (NRR) relief. :
requests, and in the preparation’of Bulletins 88-04 and 89- 04]

Published recommendations for preferred testing and maintenance of .
diesel ‘generators, "and’ generated techn1cal data to support GSI- 56
Diesel Re11ab111ty ' Do ) .

Identified components (fuses capac1tors) that are prone to ag1ng in
battery chargers -and inverters and need improved maintenance. Work-
ing ‘to upgrade Institute of Electrical and Electronics Engineers
(IEEE) Standard 650, Qua11f1cat1on of Class 1€ Stat1c Battery
Chargers ‘and. Inverters. L . _

Published IEEE recommendations for Maintenance Good Practices for -
nuclear power plant (NPP) motors, motor operated valves (MOVs),
solenoid operated valves (SOVs), and battery chargers/1nverters' the
recommendat1ons contain s1gn1f1cant uses of NPAR results.

Prov1ded d1rect support to NRR in resolution of service water sys-
tem prob]ems at a spec1f1c reactor.

Provided major 1nputs from the NPAR Program to the proposed IEEE
W.G.3.4 Guide on "Life Extens1on of E]ectrlca] and I1&C Equ1pment.",

Pubtished ASME/ANSI OM-16 draft on "Inserv1ce Test1ng and Main- ,
tenance of Diesel Drives: 1n Nuclear ‘Power Plants," which contains
key recommendations made in the NPAR generated NUREG/CR-5078 ° ‘
(Lofgren et -al.” 1988).

Transferred data deve]oped in the NRC Equ1pment Qua11f1cat1on/Ag1ng
program to ‘DOE -for use:in ‘developing procedures ‘for ‘evaluating time-
dependent dose rate effects on four d1fferent cab]e mater1als.

Transferred NPAR generated data to 1ndustry for deve]op1ng snubber
seal mater1al recommendat1ons.,i~ P :

'Lg“f‘
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Identified degradation sites and mechanisms, stressors, and failure
modes, and evaluated current inspection methods for twenty-two major
light-water reactor (LWR) components: pressurized-water reactor
(PYR) and boiling-water reactor (BWR) pressure vessels, PWR and BWR

‘containments, PWR reactor coolant piping, safe ends, and nozzles,

PWR steam generators, PWR reactor coolant pumps, PWR pressurizer,
and surge and spray lines, PWR and BWR control rod drive mechanisms,
PWR and BWR cables and connectors, PWR and BWR emergency diesel
generators, PWR and BWR reactor vessel supports, PWR and BWR pres-
sure vessel internals, PWR feedwater lines and nozzles, BWR recir-
culation piping and safe ends, BWR main steam lines and feedwater
lines and nozzles, and BWR recirculation pumps. Results are being
used to evaluate industry reports for license renewal considera-
tions, preparing guidance related to understanding and managing
?ging, and preparing Standard Review Plans for License Renewal
SRP-LR).

NPAR results related to fatigue failures in the field provided major
input to the ASME Section XI report Metal Fatique in Operating
Nuclear Power Plants: A Review of Design:and Monitoring Require-
ments, Field Failure Experience, and Recommendations for ASME Sec-
tion XI Action. The report was prepared by the ASME Section XI Task
Group on Fatigue in Operating Plants. One of the major recommenda-
tions, which was based on NPAR results, is to reevaluate the current
inservice inspection (ISI) requirements and to include in the ISI
program the inspection of highly stressed base-metal sites that are
susceptible to fatigue damage.

Developed a procedure using a linear aging model for the modifica-
tion of probabilistic risk assessment to account for the effects of
aging and used this method to carry out a risk-based prioritization
of components and structures.

Generated a single source document that delineates the regulatory
documents governing the inspection and monitoring of reactor pres-
sure vessels, steam generators, and major reactor piping, for use in
both aging study and license renewal.

Developed a novel diagnostic technique for MOVs based on the analy-
sis of motor current signatures for remotely and nonintrusively
detecting and differentiating among abnormalities, including those
resulting from aging and improper maintenance.

Developed a novel check-valve diagnostic technique based on the
analysis of magnetic flux signatures for remote detection and trend-
ing of check-valve abnormalities, including those resulting from
aging, improper operation, or improper maintenance. The technique
has also been successfully demonstrated in industry tests conducted
by the Nuclear Industry Check-Valve Users Group and is useful in
satisfying check-valve IST requirements.
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. Deve]oped stat1st1ca1 mode1s to ana]yze component degradat1on and -
failure data to understand the aging process -of components. The -,
modeling focuses on analyzing the.times of component degradation to
model how the rate of degradation changes with the .age of the compo-
nent. The modeling also considers the effectiveness of ma1ntenance
as it applies to aging evaluations.

o Contributed to formulation and 1mp1ementat1on of Generlc N
Letter 89- 13 on sws re]1ab111ty. e

v K P

6.4 REGULATORY'APPtICATIONS OF N'PAR'RESULTS .

This section addresses genera1 and spec1f1c regu]atory app11catlons of‘
NPAR f1nd1ngs. : R TR ,

- } . " s

6.4.1 General Regulatory App11cat1ons . e e

The NPAR Program- is prov1d1ng “technical bases for ‘timely regu]atory 'deci-
sions regarding the effects of .aging on NPPs of all ages. Informed.oversight
to ensure that aging of . safety-re]ated SSCs is effectively: understood and man-
aged is important to fulfilling NRC's: ‘regulatory responsibility. Through the.
NPAR utilization effort, NPAR results are commun1cated 1n -a format that ccan
assist the work of the NRC 1nspect1on staff. . \ e

6.4.2 Spec1f1c Regu]atory App11cat1ons

The "NPAR Program is structured to respond to the fo]]ow1ng spec1f1c -
user-oriented needs' '

s Develop data for 1dent1fy1ng and reso]v1ng techn1ca] safety 1ssues L 'j
related to plant aging and LR. o

e Support NRR and Office of Nuc]ear Regu]atory Research (RES) in, .
_resolving generic safety ;issues involving aged plant safety systems,_, )
support systems and e]ectr1ca1 and’ mechan1cal components._, o e

e Evaluate and recommend ma1ntenance ‘and surve111ance methods needed
to mon1tor aglng -of SSCs and to support LR.’ ':.?,-‘“: 2 b
e Provide 1nformat1on for deve]op1ng 1nserv1ce 1nspect1on procedures )
sultable for aged SSCs.. - : '

o Deve]op data and support1ng 1nformat1on for~ rev1s1ng appropr1ate NRC SR
guidelines, techn1ca1 spec1f1cat1ons, and 1ndustry codes and e :
standards. S ‘. B ‘.w., L R

. Prov1de techn1ca1 1nformat1on needed to prepare NRC Informat1on

Notices and Bulletins.
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Revision to the body of regulations governing NPP operation is an ongo-
ing process that applies key results from the NPAR aging research to improve
the regulatory basis. Specific results are applied to the regulations and
supporting documents in areas such as regulatory gquides, technical specifica-
tions, generic safety issues (GSIs), and codes and standards. Specific cases
are cited in the following sections.

6.4.2.1 Overview of Specific Requlatory Applications

The support that NPAR results are providing to the regulatory process is
summarized in Table 6.1. The table comprises a matrix indicating each of the
ongoing and planned NPAR activities and the support (or potential support) for
various user-oriented needs. The milestones and schedules for the various
activities are presented in Section 9.0.

Specific examples of regulatory application of NPAR results are cited in
the following sections.

6.4.2.2 Generic Safety Issues and Requlatory Guides

One of the objectives of the NPAR Program is to support NRR/RES in
resolving aging-related GSIs identified in NUREG-0933, "A Prioritization of
General Safety Issues" (Emrit 1991). NUREG-0933 contains a recommended
priority list to assist in the timely and efficient resolution of safety
issues that have a high potential for reducing risk. Results from NPAR
studies are contributing to resolution of several of these GSIs, including
those listed previously in Table 3.3. For example, the NPAR Program has sup-
ported the resolution of the Generic Safety Issue B-56, "Diesel Reliability,"
by evaluating aging of emergency diesel generators and by publishing recom-
mendations for preferred testing and maintenance of diesel generators. The
NPAR results also supported the basis for resolving Generic Safety Issue A44
on Station Blackout. NPAR laboratory staff provided input to resolve Generic
Safety Issue 51 on service water systems.

NPAR 1aboratory staff supported NRR to develop Generic Letter 89-13 on
service water systems; also generic letters 89-04 and 89-10. The NRR has pro-
vided "users-need requests" to RES for resolving the GSIs. The NPAR Program
is supporting NRR in resolving the Generic Safety Issue II.E.6.1, "Test Ade-
quacy Study" and by assessing methods for monitoring motor-operated valves.
The third issue in this category is GI-70, "PORV and Block Valve Reliability."

A residual life assessment is being performed as part of NPAR to evaluate
the aging and residual 1ife of major LWR components. The results of this task
will indirectly support NRR in resolving several GSIs related to the primary
reactor coolant system components. The results of this task will be used in
resolving safety issues related to plant LR and in developing regulatory
guidelines and review procedures for use by NRR in reviewing applications for
LR.
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TABLE 6.1.

for Systems, Structures, and Components

NPAR Research Activities

Shippingport aging eva1uation
Risk evaluation of significant aging

effects
Residual 1ife assessment -
Containment stfoctures',T
Reactof vessel suoports
Snubbers ’
Control rod drive system
Piping systems
High pressure ECCS
RHR/1ow pressure ECCS

Component coo11ngvmater system

Reactor coolant - -pumps (sea1s) e

Auxiliary feedwater system o

Auxiliary feedwater pumps
Service water system . -
Heat Exchangers

Electric motors
Motor-operated valves
Solenoid-operated valves

Check valves

Power-operated relief valves

Reactor protection system

Dlese] generators

Class 1-E dlstribution system

.‘,‘

Transformers‘
Chargers/inverters
Batteries

Circuit Hreakers
Bistables/switches

Penetrations/connectors/cables o

Compressors
Bolts, attachment devices
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NPAR results contribute to updates to and development of regulatory
guides. NPAR laboratory staff provided direct support to NRR in the revision
of Regulatory Guide 1.9 on Diesel Generator Selection, Design, and Qualifica-
tion and published a research information letter (RIL) on aging management in
EDGs. Development of the draft regulatory guide (DG-1009), supporting the LR
Rule, and NPAR support to development of the SRP-LR were discussed in Sec-
tion 5.0.

6.4.2.3 Maintenance and Surveillance

Effective maintenance and surveillance programs at NPPs are signifi-
cant contributors to plant reliability. The NPAR Program supports the NRR
Maintenance and Surveillance Program by evaluating the role of maintenance in
managing aging effects, both generically under a special topic and specific-
ally under the individual aging studies of SSCs.

Here are key recommendations from the NPAR aging assessments of SSCs that
address maintenance:

e improve the approach to scheduling major maintenance for EDGs

» improve the flow conditions and types of measurements to be taken in
conducting inservice testing of auxiliary feedwater and other
safety-related pumps

* 1implement a comprehensive inspection and preventive maintenance
program for inverters

* implement a preventive maintenance program which includes techniques
for testing motors that yield trendable data

e conduct systematic inspection and maintenance for LWR metal
containments.

The NPAR Program defines maintenance and surveillance needs to ensure the
operational readiness of aged NPP safety systems and components and to support
the NRR staff in reviews of requests for LR. The program also provides the
aging-related information needed for developing maintenance program criteria
and standards and maintenance indicators which can be used to monitor specific
components and systems.

The NPAR Program also provided input to the NRC Maintenance Rule. The
Maintenance Rule was discussed in a public workshop in November 1988. Subse-
quently, it was placed on hold for 18 months., Depending on its eventual
status, the NPAR Program is prepared to provide further input, based on
1) insights to maintenance developed in NPAR SSCs studies, and 2) recognition
that maintenance is important to effectively managing aging.
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o 6 4.2. 4 Plant Inserv1ce Inspect1o

et

NPAR resu]ts are app11ed to plant inservice 1nspect1ons for examp]e, the
signature analysis technique for MOVs is used to detect and differentiate
among abnormalities, including those resulting from aging and from improper.
malntenance .
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6.4.2.5 Plant Inserv1ce Test1nq ff’

The NPAR research 1dent1f1ed def1c1enc1es in the current IST program for
AFW pumps (Adams and Makay 1986; Kitch'et "al. 1988;-Casada- 1989); conse-
quently, ‘recommendations- for improving the IST-programs for‘AFW pumps-have
been published and are being used. tofdeve]op ASME-08M Standards; NRR Technical
bases also were provided for relief ‘requests’and to prepare Bulletins 85-03,
88-04, 88-57 and 89-04. As a result of the electric motor NPAR research, 1t
is recommended that certa1n motor parameters be mon1tored wh11e perform1ng

required pump“and valve ‘inservice testing.

6.4. 2 6 NRC Inspect1on *37’:";iiT““ f 'U’;, ﬁ' L '

An NPAR 1n1t1at1ve is underway to support the fo]]owlng NRR programs.
the Safety System Functional Inspection Program and the Generic Communication
Program. In general, the Safety"-System’ Funct1ona1 Inspect1on Program’ assesses
whether plant mod1f1catlons of selected 'safety 'systems ‘have degraded the
design margin to the point where the system’s ab111ty to m1t1gate design basis
events is impaired. This program consists of an in- depth review of selected
safety systems-and is usually’ conducted at o]der p]ants The objectives of
the Generic Commun1cat1on Program are , o '

e to inform 11censees of prob]ems, 1nc1ud1ng those caused by ag1ng,
that have deve]oped 1n 1nd1V1dua1 p1ants

« to require action when these- prob]ems are shown to be s1gn1f1cant
and generlc

These programs app1y to’ the pressure boundary hardware, dr1vers, _actua-
tors, electrical power,’ and the- 1nstrumentat1on and contro]s of - eng1neer1ng
safety features (ESFs). P i _

The NPAR Program supports NRR in developing Zinspection procedures that
are relevant to aging;-NRR ‘includes -these procedures in the Inspect1on ‘
Enforcement Manual issuedito guide -the activities’ 'of the regions. For -exam-
p1e, some inspection procedures establish:guidance for ‘ascertaining whether
inservice inspection and test1ng activities are programmed, planned, con-
ducted, ‘recorded, and reported in accordance W1th Sect1on XI of the ASME
Boiler and Pressure Vessel Code AR o R

The NPAR Program is deve]op1ng 1n1t1at1ves to- support -ongoing 1nspec-
tions conducted by the regional offices under the NRR inspection program.
These inspections ensure that systems and components have not degraded beyond
acceptable margins from any cause, including aging. To provide the inspection
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staff with the current status of NPAR research results, the results from the
NPAR program will be summarized and provided to the regional and NRR inspec-
tion staff.

6.4.2.7 Codes and Standards

Codes and standards groups provide important input to define the tech-
nical requirements for selected NPP electrical and mechanical components to
ensure their operational integrity. Through participation in technical com-
mittees, NPAR participants contributed to developing recommendations to revise
relevant ASME and IEEE codes and standards. These codes and standards address
the safe operation of NPPs as component and system service times increase.
Examples of the application of NPAR Program results in the improvement of
codes and standards include the following:

¢ The proposed ASME Section XI recommendation for inspection of highly
stressed sites in base metals susceptible to thermal fatigue damage.

e IEEE recommendations for Good Maintenance Practices for NPP elec-
trical equipment on motors, MOVs, battery chargers/inverters, and
SOVs contain significant use of NPAR results.

e The proposed IEEE W.G.3.4 Guide on "Life Extension of Electrical and
I&C Equipment” will contain major inputs from NPAR Program
participants.

e ASME/ANSI OM-16 draft on "Inservice Testing and Maintenance of
Diesel Drives in Nuclear Power Plants" contains key recommendations
made in the NPAR-generated NUREG/CR-5078, Vol. 2 (Lofgren et al.
1988).

e NPAR results are being used to upgrade IEEE Standard 650, "Qualifi-
cation of Class 1E Static Battery Chargeérs and Inverters."

o IEEE Working Groups 4.2 is revising IEEE Standard 387 to include
requirements of IEEE Standard 749 so that criteria and testing
requirements for emergency diesel generators will be in the new
dgcumentl.< NPAR data and information is an important resource for
this work.

o ASME/ANSI OM-4 "Examination and Performance of Nuclear Power Plant
Dynamic Restraints (Snubbers)," provides general and service-life
monitoring guidelines to the OM-4 standard.

e ASME/ANSI OM-6 "Inservice Testing of Pumps in Light-Water Reactor

 Power Plants” includes recommendations regarding recordkeeping, data
collection, and acceptance criteria based on NPAR research into
auxiliary feedwater pumps (Adams and Mckay 1986; Kitch et al. 1988).
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. ASME/ANSI‘0M-8'”Startup_andeeriodic.Performance:Testing.of:E]ec;{
tric Motor Operators on Valve Assemblies in:Nuclear Power Plants"
includes recommendations regarding recordkeeping, data collection,
and acceptance criteria based on NPAR research into MOVs -
(Greenstreet, Murphy, and E1ssenberg 1985; Haynes 1989)

o ASME-ANSI OM-10 "Inservice Testing of Valves in Light Water Reactor
Power Plants" includes recommendations regarding recordkeeping and
stroke time testing criteria and methodology based on NPAR research
into MOVs (Greenstreet Murphy, - and Eissenberg.1985; -Haynes 1989).

« ASME OM Admlntstrat1ve Standard 6200 “Format'and Content of Stan-'
dard Parts," and Administrative Standard 9100 “G]ossary of Terms"
were prepared with maJor 1nput from the NPAR _program.: L w

e ASME CS 860900 "A Guide to Wr1t1ng ASME Codes and’ Standards was
prepared W1th maJor input from the NPAR _program. o

The Special Working Group on Life.Extension, ASME.Section XI, is coordi--
nating activities related to initiatives.of.interest to the NPAR Program.. A
special IEEE working group was established to prepare a ‘guide for life assess-
ment of Class 1E electrical controls. The' components and systems currently of
interest and being considered in ASME standards are- 11sted in Table.6.2. .Some
of the relevant.IEEE standards are-listed in Table 6.3. Periodic briefings
and information exchanges with appropr1ate codes and standards committees . are
scheduled as part of NPAR - .

6.5 ' APPLICATION OF NPAR 'RESULTs TolUNb‘Ens'TANb' AND MANAGE AGING

The body of NPAR data that is ava11ab1e to understand and manage aging
draws from both ag1ng investigations,of SSCs,. using-the NPAR strategy (Sec-
t1o? 3.0 and Figure 3.1), and from the special topics (Sect1on 4.0 and
Table 4.1). .

6.5.1 Resu1ts from Aq1nq Invest1qat1ons on- Components and Systems -

Results from the Phase-1T comprehens1ve ag1ng assessment on the compo-
nents and systems are illustrated in.this section in briefs that address how
the work was carried out and how the resu]ts app1y to understand1ng and ‘manag-
ing aging. \ S S :

6.5.1.1 Understanding and~MAhaq%nd;hdéaqiih EmerqencY Diesel Generators

Understandxng aging in EDGs. is complex because the equipment is-large and
comprises many subsystems and components,, Also, nine EDG supp11ers are.repre-
sented in-U.S. ‘NPPs.> A laboratory approach to-conduct the aging: investiga- .
tion was not practlcal, S0 an a]ternat1ve approach summar1zed be1ow, was
devised. . » .
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TABLE 6.2. Selected ASME Standards for Operation and Maintenance
of Mechanical Equipment
Standard Number Title

ASME OM-1 Inservice performance testing of nuclear power plant
pressure relief devices.

ASME OM-2 Requirements for performance testing of nuclear power plant
closed cooling water systems.

ASME OM-3 Requirements for vibration testing of nuclear piping

o systems.

ASME OM-4 Examination and performance of nuclear power plant dynamic
restraints (snubbers).

ASME OM-5 Inservice monitoring of core support barrel axial preloads
in PHRs.

ASME OM-6 Requirements for performance testing of pumps in light-
water cooled nuclear power plants.

ASME OM-7 Thermal expansion testing of nuclear piping systems.

ASME OM-8 Requirements for preoperational and periodic performance
testing of motor-operated valve assemblies.

ASME OM-10 Requirements for inservice testing of valves in light-water
cooled nuclear power plants.

ASME OM-13 Requirements for periodic testing and monitoring of power-
operated relief valve assemblies.

ASME OM-14 Requirements for vibration monitoring of rotating equipment.

ASME OM-15 Requirements for performance testing of nuclear power plant
emergency core cooling systems.

ASME OM-16 Inservice performance testing of nuclear power plant diesel
drives.

ASME OM-19 Startup and periodic tésting of electro-pneumatic-operated

valve assemblies used in nuclear power plants.

Approach to Understanding EDG Aging - A panel of Pacific Northwest

Laboratory (PNL) and industry EDG experts analyzed approximately 2000 EDG
failure cases from nuclear databases according to failure cause and relation
to aging. The following actions were taken:
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JABLE 6.3.

Standard Number

IEEE Standards for Electrical Equipment for_Nuclear .Power
Plants that Provide- Information Relevant to Aging and LR

4

Title .

IEEE 308

IEEE 317

IEEE 323

IEEE 334
IEEE 336
IEEE 338
IEEE 344

1EEE 382
IEEE 383
1EEE 387

1EEE SO1

IEEE 535
IEEE 572

IEEE 549
1EEE 649

IEEE 650
IEEE 749
TEEE 8944 .

IEEE/ANST €37.13-1981

‘Criteria for Class 1E power systems for nuclear power generating stations

Electrical penetration assemblies in containment structures for nuclear power
generating stations. :

Qualifying Class 1€ equipment for nuclear power generating stations.

-, Standard for type test of continuous duty Class 1E motors for nuclear power

generating stations

. . ' oo

) Installation, inspection, and testing requirements for Class 1E {nstrumentation

and equipment at nuclear power generating stations

: Standard Criteria for Periodic Testing of Nuclear Power Generating Station Safety
" Systems (ANSI) : :

' ?Reconmended practices for seismic qualification of Class 1E equipment for nuclear
:power generating stations :

, Standard for qualification of safety-related valve actuations

Standard types tests of Class 1E electric cables, field splices, and connections
for nuclear power generating station

Criteria for diesel” generator units” applied as standby power supply for nuclear
pawer: generating stations

Seismio testing of relays for nuclear power generating stations

Qualification of Class 1E lead storage batteries for nuclear power generating

" stations.

" Qualification of Class 1E connection assemblies for nuclear power generating
. stations.

.

Qualify Class 1E motor’ control centers for nuclear power generating stations.
Qualification of 1E motor control centers - F

Qualification of Class Y static battery chargers and inverters for nuclear power
generating stations ) .

Periodic testing of diesel-generator units 2 applied as standby power supplies in
nuclear power generating stations - .

Application and testing of uninterruptible power supplies for nuclear power
generating stations sk - . . i

Low voltage ac_power circuitlpreakers‘used‘in enclosures: '
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‘e * Development and Application of .a Computer1zed”0atabase'-’a database ..
- “was developed, sorted according to engine type, .failure cause, and '

ag1ng suscept1b111ty of subsystems and components.:A . ‘
. ”Va11dat1on of Results* - the- resu]ts were va]1dated 1n a PNL/1ndustry,
. 'workshop and‘by extenS1ve peer rev1ew. . ,“‘H

« Documentation of EDG Aging Assessment - the EDG- ag1ng assessment was _1}

“documented 1n’ NURE‘7CR 4590 (Hoop1ngarner et’ a] 1987 Hoop1ngarner
and’ Vause 1987) o

P e
y (

e EDG Ag1ng Character1st1cs - F1gure 6 1 1dent1f1es the EDG subsystems
and components that are most suscept1b1e to ag1ng

.?(., .
[

.....

. fConc]us;ons - Key conc1u51ons include 1) the pr1nc1pa1*ag1ng mecha- o
~ iN1SMS in nuclear EDGs are“vibration; vibration Joosening, ' thermal''~
" and "physical’ ‘shock,-2) - the  EDG systems most- vulnerable‘to‘aging are‘=
instrument -and contro] fuel,-starting system,- coo]wng system, -and
- 3) ‘fast-start testing contributes | to EDG aging’ (also’ acknow]edged e
- earlier in ‘NRC Generic Letter 83-41). PNL: part1c1pat1on in anEDG °
4 engine’ examination’ prov1ded ev1dence of advanced eng1ne wear due to .
o fast starts.uf L ek _ LAY '

The" fo110w1ng are key outcomes from the EDG ag1ng research ]
- development of recommendatxons to m1t1gate EDG ag1ng 1n a PNL/

’

"7 EDG consultant workshop @  *=i " L
- documentat1on of the recommendat1ons and extens1ve peer rev1ew

- further va11datlon of the results by in- depth dlscuss1ons :
dur1ng p]ant v1s1ts to three ut111t1es

L - pub11cat1on of the proposed recommendat1ons 1n NUREG/CR 5057
SOy (Hoop1ngarner and Za]oudek 1989) : .
- ; ) D - L" . L.
L --‘?recommendat1ons to- 1) replace the fast start stat1st1cal bas1s:stf
w0~ o for EDG re11ab111ty -assessment “with an :engine. "health: check“ r B
-i .+ - approach, -2) ‘permit slower.starts and.longer run:times ‘and : S
. monitor and:trend:several: . parameters that. indicate.engine: con-'ﬁé
.dition, :and 3) conduct maJor engtne overhau]s based on need

'-'rather than e]apsed t1me. Do [ A ' .Lq;.

,\,' : . ‘ ‘:.
6 5 1 2 Understand1ng and Man;g1ng Ag1ng 1n Electr1c Motors ?j~f )
Desp1te the fact. that modern electr1c motors are: better bu11t and _more.
sophisticated -than older.electric:motors and. maintenance practices:are more.
extensive, electric motors still fail. Most motor failures described-in. thez

(a) Vvaries with engine type, subsystem, and utility.
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operating experience data bases for U.S. NPPs occurred during starting. For
smaller motors (under 200 hp), which constitute more than 90 percent of the
motor population in a typical NPP, the stator insulating system and bearing
assemblies were the subcomponents that failed most frequently. This accounts
for almost 70 percent of the reported failures. Large motors, on the other
hand, are equipped with devices to monitor the motor insulation and bearing
and oil temperatures. Corrective actions are taken immediately on indication
of'excessive insulation temperature or rising bearing or oil temperature.
Therefore, insulation and bearing failures are not as pronounced in large
motors. The major factors contributing to large-motor failures include
voltage surges and mechanical stresses caused by centrifugal or magnetic
forces.

Understanding Motor Aging. A review of motor testing techniques docu-
mented in IEEE standards and related literature revealed a number of test
methods available to monitor the condition of stator winding insulation and
bearing assemblies. The study has also identified the predominant failure
modes and mechanisms caused by aging and service wear effects. The insulating
material is degraded primarily by heating cycles of the winding because of
starting and overload conditions. A humid environment will produce more rapid
degradation in both cases. The bearing failures are primarily caused by
lubrication deterioration or bearing misalignment. Using cost-effective tech-
niques to monitor these two problems could eliminate many untimely failures
and, thus, improve the overall system reliability. The following information
is useful for understanding electric motor aging:

o Documentation of Motor Aging Assessment - NUREG/CR-4156, (Subudhi,
Burns, and Taylor 1985).

e Motor Aging Characteristics - Figures 6.2, 6.3, and 6.4 identify the
motor subcomponents that are susceptible to aging.

Managing Motor Aging. To determine the tests or analysis methods that
can aid in identifying age-related material degradation in motor components at
an incipient stage, two test programs were conducted. One involved periodic
testing of a 10-hp, 460-V induction motor with 12 years of service in a com-
mercial nuclear plant. The motor was subjected to plug-reverse cycling to
induce age-related degradation and monitored for various test parameter trends
with age (number of reverse cycles). The second test program included diag-
nostic testing of a failed 400-hp motor with a service life of more than
20 years in a nuclear research reactor. The form-wound coils of the stator
windings were tested to determine their condition by comparing similar test
parameter variations. Based on these two test programs and industry opera-
ting experience trends, insulation and bearing tests are recommended as func-
tional indicators. These indicators, when trended with the age of the motor
under surveillance, would indicate the rate of deterioration occurring as a
res?1t of aging and service wear. Information on managing motor aging
includes:
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e Documentation of Motor Aging Management - NUREG/CR-4939 (Subudhi
et al. 1987a, 1987b; Subudhi, Taylor, and Sheets 1987)

o Methods of Aging Management - Monitoring age-related degradation in
electric motors can be achieved by instituting an effective main-
tenance program that includes periodic testing of the subcomponents.
The two test programs discussed provide useful results on various
dielectric and bearing tests.

6.5.1.3 Understanding and Managing Aging_in Battery Chargers and
Inverters

The dominant causes of failure associated with nuclear power plant bat-
tery chargers and inverters are overheating, electrical transfers, and person-
nel errors. Overheating can degrade the life of components and materials. In
many cases, the stresses resulting from these occurrences result in an accele-
rated aging of critical components. For example, electrolytic capacitors that
provide electrical filtering were found to be temperature sensitive. Their
failure in a short circuit mode results in the direct loss of the equipment’s
availability.

To manage the effects of aging in battery chargers and inverters,
Gunther, Lewis, and Subudhi (1988) presented a comprehensive program based on
an evaluation of the effectiveness of current storage, maintenance, repair,
and replacement practices. This program addresses the integrity of discrete
components such as capacitors, transformers, and semi-conductors and other
entities such as cable connectors, wiring, and structural fasteners.

While emphasis has been placed on maintenance practices for managing
plant aging, the potential improvement in vital bus reliability through the
use of an automatic transfer switch should be considered. Other recommended
design improvements discussed by Gunther, Lewis, and Subudhi (1988) include
the use of equipment for detecting and suppressing electrical bus distur-
bances, the use of higher voltage and temperature-related components, and the
addition of forced air cooling.

6.5.1.4 Understanding and Managing Agqing in Batteries

The most common aging problem for lead-acid storage batteries is ther-
mally induced oxidation of the grids and top conductors that are made of a
Tead alloy. Lead experiences a 21 percent growth as it oxidizes to lead
dioxide. This growth causes the plates (including grids) to swell, causing
poor contact between the grid and the active material in the plate, and
results in decreased capacity of the battery. 1In addition, oxidation causes
the lead to become brittle, which can lead to decreased seismic ruggedness.

Edson and Hardin (1987) and Edson (1990) reported the results of a com-
prehensive aging assessment program for lead-acid storage batteries. The pro-
gram included seismic testing of naturally-aged batteries that were about
13 years old to evaluate the effectiveness of current surveillance, monitor-
ing, and replacement practices. From seismic testing, it was concluded that
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when batteries are maintained and operated in accordance with. IEEE Standard
450, Regulatory Guide 1.129, and manufacturer’s recommendations, little, if
-any, electrical capacity will be lost as a result-of seismic shaking at levels
that are typical of the most severe seismic event postulated for NPP -sites in
the United States. : .

6.5. 2 Resu]ts from Nuc]ear P]ant Ag1ng Research Spec1a1 Tog1c

Several NPAR spec1a1 topics from Tab]e 3. 1 have made s1gn1f1cant findings
contributing to understanding and manag1ng aging, 111ustrated in the following
sections.

6.5.2.1 Effects of Aging on Risk

Results from NPAR aging/risk studies are utilized in the ‘development of a
procedure, based on the linear aging model, for mod1fy1ng probabilistic risk
assessments (PRAs) to account for the. effects of aging on reactor safety. -

This procedure has been used to conduct risk-based prioritization of SSCs and
is being used in PRA calculations to quantify the effects of aging.

Key findings from the aging/risk studies are summarized here:

o NUREG/CR-5248, (Levy et al. :1988) "Prioritization of -TIRGALEX-
Recommended Components for Further Aging Research," was issued in
November 1988. Thirty safety-related plant components and structure
groups were prioritized by an expert panel using the Risk Signifi-
cance of Component Aging and Aging Management Practices (RSCAAMP)
methodology, providing insights to the re]at1ve safety significance
of the equipment that was addressed .

e The results of.the RSCAAMP.pr1or1t1zation‘workshop showed that aging
- effects (e.g., aging failure rate and the weaknesses in maintenance .
programs to m1t1gate ag1ng) can be maJor r1sk contr1butors

e The RSCAAMP methodo]ogy was enhanced by 1ncorporat1ng the 1nterac-
tions of multiple components ‘that had been subject to aging.

o .. This methodology, which ‘accounts for multiple component aging -
effects, was:incorporated into software that enabled -analyses of the
risk contr1but1ons .due to aging of components in the minimal cut
sets of probab111st1c r1sk assessments

e The ag1ng effects software were app11ed to PRAs for -a PWR and a- BwR
to generate a parametric study that assessed the impact of aging on
total core melt frequency (C). :Aging resulted. in!significant .
.increases (factors of-:10 to 1000) over the baseline :plant core melt
frequency (aC) for maintenance programs reflected by'component
renewal periods of from 18 months to 72 months and for an aging
failure rate corresponding to.one failure after 5 :years... The inter-
action of multiple aged components was a major cause of the
increased aC at the renewal interval of 72 months.
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6.5.2.2 Residual Life

Residual 1ife assessments for major LWR components include preparing sum-

.mary charts that highlight information useful for understanding and managing
aging. The summary charts identify degradation sites, aging stressors, mech-
anisms, and failure modes; requirements and recommendations pertaining to
inservice inspection, surveillance, and monitoring; and actions useful for the
mitigation of aging of major LWR components. Figures 6.5 through 6.15 show
summary charts-for the following components: ' :

Emergency Diesel Generators (Figure 6.5)

PWR and BWR Pressure Vessels (Figures 6.6 and 6.7)

BWR Mark I containments (Figure 6.8)

PWR and BWR Pressqre Vessel Internals (Figure 6.9 and 6;10).
PWR Cooling System Piping‘and Nozzles (Figure 6.11) ~VA”

PWR Steam Generator Tubes (Figure 6.12)

Pressurizer, Surge, and Spray lines (Figure 6313)

BWR Recirculation Fiping (Figure 5.14) 4

LWR coolant pumps (Figure 6;15). |

6.5.2.3 Shippindport Aging Assessment Results

Decommissioning of the Shippingport PWR afforded a unique opportunity to

conduct onsite assessments, acquire a wide range of naturally-aged components,
and obtain a variety of radiological and materials specimens for testing. The
scope of the Shippingport aging assessment is outlined below:

in-situ measurements of circuit integrity on 42 electrical circuits

in-situ measurements of ferrite contents of cést stainless steels to
select specimens for subsequent studies of thermal embrittlement

on-site drill operations to obtain eleven 15 cm-diameter specimens
from the RPV neutron shield tank to evaluate low-dose neutron
embrittlement of carbon steel - k

acquisition and shipment to participating laboratories of approxi-
mately 200 naturally-aged components, associated manuals, operating
histories, etc.

examples of technical and regulatory results that are emerging from
the Shippingport investigations are:

6.22
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Errvironmentad fetigue [PY Bemits oo siso appiied 1o nom beitiine’ "“"'"'"
Vohmetric examiniotion'of o shefl weids during | ™™ ey
Soch inspection interval (10 CFR 50.58s, Develop use of reconstituied snd
IWB.2500, Reg. Guide 1.158, Rev. 1) " and ] '
Flow evsiustion (10 CFR 30.53s, TWS-3000) . o
e . Use crack curves (ASME -
Leskage and hydrostatic presswre tests (¥ CFR mh"nfwm ¢
. Deveiop e adadd roring 10
Getect ereek (nonmandatory
sppendix is being developed by ASME
: . Section X7)
Closury Studs Environmental tatigue Volumetric snd surfece examination of s study
= Preloed cycies during hesd replacement and thresds In fange stud holes during ssch
Fretting N Inspaction Intervel (1WS-2300)
External sttachment Low-cycie thermal and mechanicsl tatigue or surface IwB-2500)
welds such o skirt
supports
rev. § see
FIGURE 6.7. Understanding and Managing Aging of BWR Pressure Vessels
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Dsywe!l head 3-in. anaular 3pa¢e ———— o'l 4 !
. . with tiller material : /' L Lecuntery
Understanding and managing Reactor — o

aging of BWR Mark | - T
containments:

Maleriais Shell «Carbon steel - SA-516 Gr.70,
" SA212GrB
Bellows - Type 304 Stainless Stesl
Coalings « Zinc rich, red lead and epoxy

vessel R py

Caulked joint

Bellows
N 10 pressuce
LY
Stressors Corrosive internal envirconment, Luppression CRama
and lemperature, humidily, oxygen R Sand
Environment conlent, degraded fill matesial, moisture, Water level .-
isms, cyclic thermal loading, " Downcomer
and leak lests Pressure suppression chambu o mocom PIP.
. BWR Mark | lYPO matal containment © . BWR Mark | drywell base, com:ulc shield wall and sand pocket.
UNDERSTANDING AGING e I MANAGING AGING
(Materials, Stressors. & Environment Interactlons) co v .
Sites | - .- .Aging Concerns, “.... ..« ]linservice Inspecuons and Momlonng . Mainlenance
Ene;ic‘n‘ Svﬂ“;ldn“f ;lﬂd ; | Pitung, crevic 4 § T;d .lm h lal l NRC chulnmenls Y Recommendations
pocket (unseaied gap * | and environmen —_—_— -
.Md uniform corrosion fatig Leak tests (10 CFR S0 App. J) Maintain surface coatings
Extesior surldge Pilting and crevice corrosion R e Recommendations -’ . - .
(degraded fill malerial pnsem) . ) Inservice inspection-ASME Check bellaws alignment
— — - o ' Subsection IWE, Mainlain caulked joints at
Embedded shell nglon N Pitting and crevice corrosion Co = Being reviewed by NRC fo¢ embedment region
Drywelt (deleriorated caulked joint V n in p
at concrete-metal interface) . « Visual examinalion of 25% of Evaluate use of cathodic
pressury ‘:;mnmg welds, and protecticn for exterior
“Pipe p.cncmuon: Galvanic corrosion i during :uy. inspeciion Interval sudece of dey well
Vent pipes : ) Visual examination of caulked
- o Joints at embedded regions *
Exterior and interior surfaces Unilorm attack Boroscopic exsminalionol ...
{deteriorated coating) .. salerior surface nes pmnuﬂou
g — Surface examination of bellows
Interior surface Pitling . .{ Thermal, mechanical, Monitor coolant |.mg.
(deteriorated coating) and snvironmental from faulty bellows
s: ressure - - - fatigue Wall thickness measurements and
ppression " : ! mndln
Chamber Near waterling . . Dillerential aeration . ) ) " 9. 4' .
. hads ot inspecting
: Microbial infl o : . . meul suriaces through
Below waterline * protective coatings
- M [ ruicte testi
Heat-atlecled zone Intergranular stress corrosion | Thermal and . 5:3;\ .cuf,:,‘,. lc:lln‘; 3
cracking - mechanical fatigue . Devel hods for
8 drywell wall in the embedded
Cold-rolled portion Transgranular stress corrosion ) shell region
cracking « Elect gneti ie t ducer

nv. $ ) . N B . sren

FIGURE 6.8. Understanding and Managing_Aging'pf BWR Mark 1 Contéinments
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Understanding and managing
aging of PWR reactor internals

Upoar guve
Materiats Instrument tubes (flux thimble tubes) Type 304 SS :’;":"-‘" ysaast
Botts and pins : Type 316 SS CRA S0
M. except as
noted below); ncore .
Alloy A-286 (CE i i
. . and B&W)
.- . Core darrel
.. CRGT sprt pins and radial suppon Alloy X-750 (W)
. keybolts .
’ Thermal shield, core barrel bafﬂe Type 304 SS.
and formers, upper and lower .
B - core support structures Foet
. Flow mixer, cruciform .. . Cast SS (Gr. CF-8) akgnment
- Instrument guides {some early W plants) pms
- Holddownspring - " Typed03SS Core -
. . (W and CE) : ,"‘”‘",mw'
Stressors & Oberaﬁonal transients, temperature, fluid flow, Typical Westinghédse ' . Typical CE 0-0438
Environment  residual stresses. bolt preloads. neutron radiation - Reactor Intemals . - o Reactor Internals
. UNDERSTANDING AGING .
(Materlals, Stressors, & Environment Interactions) e MANAG'NG AG'NG —
"~ 'Sites " Aging Concerns Inservice Inspectlons. Surveillance, and Monitoring Mitigation
L ETR RO . | NRC Requirements Recommendations Use thicker-walled or double-
'";g““‘e"‘ tubes (flux thimble .| Fretting, wear, high-cycle laﬁgue Visual inspection of accessible Develop ASME Code Section X1 *| walled thimble tubes (W plants}
tubes) subcomponents (ASME Section XI, inspection requirements fed .
: Table IWB-2500-1, B14.10) - . . uce preloads on high-
Botlts and pins : :gfffm:'gh syde faugue. siress | 'a0@ o ' Monitor the wear of Win-core - strength bolts to mitigate IGSCC
: . . . Preoperational vibration testing gs'!‘n:mem housmgs per USNRC
CRGT spiit pins and radial IGSCC T (USNRC RGs 1.20, 1.68) uretin Use improved heat treatments
supportkeybolts(W) - - - - | - - co Loose parts monltoring systems Use advanced inservice inspection for Alloy X-750 high strength «
— (USNRC RG 1.133) techniques for pins (e.g., Framatome bolting materials to reduce
Thermal shield . - High-cycle fatigue, irradiation REBUS UT method for sprt pins}) IGSCC susceptibility

embritttement, distortion

Core barrel, baffles and formers High-cycle fatigue, irradiation

embrittiement
Upper and lower core supporl frradiation embrittlement,
structures corrosion-fatique
Flow mixer and cruciform Thermal (lerﬁts phase) and ir-
instrument guides (some early radiation (austenite phase)
W plants) embrittlement
Hold down spring (W and CE) Stress relaxation

Evaluate the use of cylindrically guided
wave technique for bolts

Establish vibration rnonnonng programs
using ex-core and/or in-core neutron
noise detectors 10 detect excessive -
movements of core barrels and thermal
shields

Use ANSVASME OM-5 procedure for
neutron noise monitoring of core barrel
axial preload

Remove thermal shields (of re-
place with neutron shield panels
on exterior of core barrels) for
designs that have experienced
bolt failures

Use one-piece thermal
shields rather than mutti-piece
designs (RPVs in some older
W plants have madequale
access for one-piece

Rev. 0, Jan 199t

instalfation)

" FIGURE 6.9. Understanding and Managing Aging of PWR Reactor Internals
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Understanding and managing

Lo’ 2L A T |

aging of BWR reactor internals - 4
¥ ey
Materials Attachment weld material Alloy 182 iz .:.,.,.’,J i
Cora plate, core stwoud Type 304 SS o g woars
Jet pump ace - “Llta
holddownbeams  Alloy X-750 Foacm 3|
riser support braces  Type 304 SS a1es tpacgel ~ ; l l
welds Type 308 SS Cormares st
castings Gr.CF-8SS Shroud head bolts, )
Top guide Type 304 SS Core senay
Core spray and . Type 304 SS _
feedwaler spargers Cors sray sparger lﬂn N\ {; Core plaie
Onficed fuel supports Gr.CF-85S Tr-core fux Y ‘6\ WY
Peripheral fuelsupports  Types 304 and 304L SS  monor assembiy - W l Stser
Baffle plate access hole Alloy 600 i -1 l : e strument
covers, core suppon cylinder Jet pump assembly , w-ip res
Sheoud head bolts Alloy 600 Batape Q LI camepe
Neutron monitor dry tubes Alloy 600, Type 304 SS =
N
Stressors &  Temperature, residual stresses, flow-induced vibration, 5-T35
Environment  bolt preloads, dead weight, neutron and gamma radiation, Typi «
g e ! ypical BWR/3, BWR/4 Typical Jet Pump
chemical impurities and oxygen content in coolant Reactor Internals Assembly
UNDERSTANDING AGING
(Materials, Stressors, & Environment Interactions) MANAGING AGING
Sites Aging Concerns Inservice Inspections, Surveillance, and Monitoring Mitigation

Attachment welds 10 reactor véssel

IGSCC, corrosion-fatigue NRC Requirements Recommendations Maintain strict control €n coolant
Core plate, core shroud IGSCC, irradiation-assisted SCC | Visual inspection of accessible Develop ASME Code Section XI impurities to keep conducuvity
pa {ASCC) components (ASME Section XI, inspaction requirements inclug- below 0.2 HS/icm
- SCC. hioh oo Tablg IWB-2500-1) ing volumelric inspection (UT) of Use hydrogen water chemusiry 10
Jetpumps | Holddown beams IGSCC., high-cycle laligue Preoperational vibration testing attachment welds and of compao- suppress dissolved oxygen in
Riser suppod traces | High-cycle fatigue {(USNRC RGs 1.20, 1.68) &e&t :i";‘?ts:;z’: ;:l Usl;: l:'lepump coolant from typical 200 ;;Gbs 10
t below 20 10 mitigate IGSCC
Welds IGSCC Loose parts monitoring systems welds and core shroud to core Assw :pb tH 9 W
Casungs - Thermal embrittlement, (USNRC RG 1.133) support cylinder welds cheer:é le %::1! of Hydrogen Water
IGSCC (i ferrite content is low) Develop UT insenica inspect m’; oo
. vV vice ction -
Top Guide IASCC, IGSCC techniques for inaccessible attachment - fali ok arowth
Con e eodwal 1GSCC. — welds to reactor pressure vessel aligue crack growt:
@ spray e er . Corrosion-latigue . ] ~ radiation fields
spargers ’ Use in-core SCC monitors — tuel performance
ificed fuel . irradiati
Crificed fue suppons. Sn%ﬁgkxgmsargémmmn For replacement componenis
. - Reduce preload streszes
Peripheral fuel supports IGSCC, IASCC — Use high temperalure
. annealing and age
Baffle plate access hole covers IGSCC (crevices) hardening of Alloy X-750
Shroud head bolts IGSCC (crevices) material
Neutron monitor dry tubes IGSCC (crevices), IASCC = Remava ciavices
Rev. 0, Jan 1991

:'FIGURE'G;IO. Understanding and Managing Aging BWR Reactor Internals
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Understanding and managing
aging of PWR RCS piping and nozzles

Materdals  Msin coolant pipe « Centrifugalty cast $3-Qr. CFRA snd
CFBM (W), Type 304S$ ond 31688 Pressurizer
(early W plants), SA-$18 Gr. 70 (CE), spray ine
SA-108 Gr. C (BiW) {connected
Fittings - Staticafly cast SS - Gr. CFA and to coid leg)
CFaM (W); SA-St¢ Gr. 70, Type J09L
$S (CE, BAW): Type J08L SS (BaW) -
Cladding . « Type 3081 SS (CE, BAW)
- Type 3041 SS (BAW elbows)
Surge and spray fines « Type 316 SS, cast 88 « Gr. CFIM
: - - {surge line in some CE plants) Hot
Charging, satety injection, « Type 318 §S g
snd residusl hest removsl
L A : :
Nozzies on main coolsnt  « SA 108 Gr, 2 (CE), Type S0ANSS (W) oy \ -~
pipe c ' p
Sate ands | = Type 318 S8, Incone) SB-168 (CE, BAW) fossoreriey eE—
. rmmu sleeves « Inconel SD-}SO Reactor vesse! bc::" on slesve
< . N P ndueed vib stratifted
Environment flows, thermal striping, vatve feakage, and thermat shocks ypicat RCS piplng for W d-loop plant

N

Tyvical nozzie.thermal siéeve sssembly for a W pisnt

]/

Spot welds {4)

Headet ipipe wa't,

UNDERSTANDING AGING

(Mallerials. Stressors, & Environment Interactions)

MANAGING AGING

. Mitigation

Safety injection , ) 1 o §

Cross-over leg

spacing

« Ferrite content and

of 25% of butt welds, including the

piping welds having significant .

following welds during each Insp.

(10 CFR 50.55a, IWB-3000)

Surge ; interval (10 CFR 50.55s, IWB-2500):
, . . . « ATl terminal ends In each pipe -
Spray — - - i : » connected to vessels
Terminal end dissimitar . " Low- snd high-cycle thermsl « All dissimilar metal
metal weids [ 2nd mechanical fatigue . welds
(between carbon steel | . AN Allwéids hav
p ts and stainl R - «Allwelds having
;leel piping} . ! . cumulative usage lactor
= equal to or greater than 0.4
Surge and § lines = eow h-cyet
3 ! ne sery I I "-“,’,.',','9 e cal fath « Al welds having primary plus
Charging, safety Injection, and bt _secondary stress intensity range
residual heat removat fines equal 1o or grester than 2.4 Sm
to first Isolation valve - oot o
Same welds sre required tobe -.
Inspected during each inspection
int teel : Interval .
g,‘;l:';" T‘"“\s 1" ', | Thermat embrttiement - .
Hot leg = Coolant temperature Flaw evaluation

“snd loose parts monitoring to

Determine fatigue damage by on-line -
monitoring of pipe wall temperstores
and coolant flows, temperstures, and .
pressures in nozzies and horizontal -
portions of piping tubl'ec!_lo"

s W t 4
stratified flows and thermal sleeves
Perform min:

Tatl

oot st
uclive

assess status of thermal sieeves
Develop use of acoustic emission
method to detect crack growth in the
base metal and welds .
Develop techniques to monitor actual
degree of thermal embrittlement in cast
stainless steel piping:
« Analytical modelling of Inservice
degradation
= Metafturgical evalustion to |
characterize microstructure
« NDE to establish correfation

Sites . Aging Concerns Inservice Inspections, Surveillance, and Monitoring
Nozries and thermal sleeves Low- and high-<cycle - NRC requirements [Recommendations, Maintain full flow in spray
Chargh L h 1 and hanical fatig - . * »- | Perform more frequent examinations - fine and operete it continuously
arging e P Volumetri¢ and surface examination of nozzle welds and horizontal 10 prevent stratified tlow

and thermal shock conditions

Relcfesléﬁ luv'gcl and spray line

piping by replacing short

horizontal sections with sloped
sections to prevent stratifled

flow conditions

[ ign pliping to
deleterious effects of valve
feskage -

Minimize valve leakage

Maintaln smatter tempersture

differences between
pressurizer and hot leg

. coolants during heat up

and cool down

Maintatl "

differences between the
pressurizer and spray line
coolants

\d

Leakage and hydrostatic pressure
« Chemt between ultrasonic attenuation -
Cold leg c ;';‘,:':'femw"“m‘ tests (10 CFR 50.55s, IWA-5000} 3nd fracture toughness
- : Monitor valve feakage in safety Infection
Fittings Cycle counting of specified
o design transients and residual heat removal lines
Surge fine . . PR - (Tech, Spec. requirement) Develop UT to detect Naws In cas
. stainless steel piping .
rev. 4 s

FIGURE 6.11.--Understanding and Managing Agihg of PWR RCS Piping and Nozzles
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Understanding and managing aging

Stesm sepantons
of PWR steam generator tubes Downcomer, -
Tube support
plale (lop view)
Materiais Tubes -MWNO”M Flow slots
Tude Sheet « $A 308 clad whh
(o 38 101~ " ot ort
Tube Supports .uzuucwum»us .
Sleeves :::::I Saction of
$25 o¢ nickel bonded on outside tube support
surtsce of Inconel $00 of 630 plsle (sniarged)
Plugs « Inconel 800 Tube suppont
Steam ” dating o b ps Enginesring
%c::nm OnceThrough « Babcock & Wicox Flowhole
]
f:::m ngmm:mm mﬂ"‘
[ 3 mtmnﬁhﬂ.mm ::rukh:
nmhmmmm
ummmmm
opersting transients

Uppet spen Primery
clmml'::.uld N ME_X/ Upper
'?(%/4‘

‘B
Fieentn support 1.1, | —xl

- kullnq
leedwater
bnigt

Sipm
- Gutlet

OnceIhrough steam genersior
with indicated problem areas

Understanding Aging
(Materials, Stressors, and Managing Aging
Environmental Interactions)
Types Sites Aging Concerns | Inservice Inspection, Surveillance, and Monitoring Mitigation
Recircuiating | U-bends, roll trensition, snd PWSCC (Pure weter 3CC) ment mend nt ™
Inside dented ragions Noes with low milh HAC Reg 2 Becommendotions witer chamisiry, install filters between |
Surtace are more Volumatric exsminstion of hot Foliow Stearm Generstor thnl:l: g:'lwn and nn:'- rovp
0 geneny! vitrafiitration of ma!
Tube plugs uscepibie leg side, u':.': m :" ?:""m,"u@w. .” mn::: for watet and remedy condenser leskage as
Hot-leg tubes In tube-to- 1GSCK, IGA tubes in recirculsting stesm control of secondary water Quickly 83 possibie
Outside tubeshest cravice region genenators TWB-2500) chemistry Use shotpeening snd rolopesning 1o
Surface
Yolumetric examinstion of the Reduce uncertainties In innet surtec
entire length of tubling In Inspaction results and mm.n;m&"“”
slesm quantify fisw growth nates reduce PWSCC —
Cold lng side In sludge pile or | Pitting geneniors TWB-2500)
where scale conlaining copper . Monitor fleid pertormance of Apply nichel plating on the inner surtace
deposits bs found Froquency of Inspection and various slesve designa of the tudes 10 prevent PWSCC erack
numbet of tubes to be Initlaton snd propagation
P 1ed (s of 3% of Perform inservice Inspecion
Tbes 11 tude it tubes) ere O of tube pugs Uumz‘mh-w\;“nm»m
] support regiona | Denting tormined crevice crevice flushing,
by Tech. Specs. (Reg. Guide 103) Crovice sikainity newtraization, sikatng
Standards Rowst Impunty control, acid chioride
inadequataly n ool ' elimunstion, hol soeks, shudge
supporied lube | High-cycie latigue recirculating o pressure puise, watef siap. chemical
# Gented near 1he top mm(w cleaning, and bovie acid additions
support plate :“"m“"'m“"““ \ 2 o control IGAAGSCC
awe-3321) Ehmvingle coppet pickup by use of
thanium of stainiess steel condenser
Contact points between tube | Fref plance crierla tubes. and replace the copper-bearding
and antivibration bar es Z"Wm' Ir"l’.«uSpcu. Mwmmumw *
AWD-3630)
Use si-volallie Wrestment water
chemistry, siudge lancing, chamical
Tubes abave tubashent Wastsge Criteria for determining clesrung, hot soaka, hot
necessity of plugging flusiung, snd elmination of hideout
degraded hubes chemucal concentration o0 control
(Pog. Guide L121) wastage
Outside Use chemistry control 4o ot
: Unacheduled Inservice prove!
stigue concentration of Impurities lesding to
F Inspection of esch suam fatigus crack Initiation b OnGe-through
o ") when sleam generatons
L1 l:od the Bmits
Tubes I Lpper tubeshest Environmental %8 OxC Use lane-fiow biocks? In once-!
tetigue defined in Toch. Specs. mmmnnﬁoﬂum
esnviconmaental letigue

4

FIGURE 6.12.

Understanding and Managing Aging of PWR Steam Generator Tubes
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Understanding and managing aging
of pressurizer, surge and spray lines

Maisdsls  Veusel « shell, AT, GL 8, Clawe veovs © ciad weld
mmmmlu&rvm
. Heooter » Shesth, Inconel Insidalion MgO
: R !
Fiings o Stalicaly cast 83 « Oc CFBA and -

. ‘ CF8M (W); 8A 318 G¢ 70, Type 300U
. et S (CE, BAW); Type J08L SS (BAW)

- Cisdding - ’ -+ ¢ Typw 300 63 (CE), Type 304 83 Bushing
- . @aw)
N Surge Mne waus&us&cnn
Soray Sne « Type 31053
mmnmuhenehnplp. -um&:pa.m.:muum
. Thermal sleeve - . ® inconel 58108
Stressory ERICE ~ " Op fiow induced Typical CE haatar aquipment
Ervironment - < mwchanical wees and element Dumout and erosion end corrosion
. UNDERSTANDING AGING - ol MANAGING AGING
(Mﬂomlt, Stressors, & Environment iInteractions) : . :
-Sltes ; ,Agtnc Concerns " Inssrvice Inspections, Survelllance, and l_dpnllév_lng e . "%, Mitgation
o . s R " - e R . EE R ceee operate R continuously 10 prevent
¢ vbumentstion T Eroslon - . - Volumetric and surdace examination of 25% of Mmmommmmamnmm stetfied fow and themal shock
* Surge e s e v e bult weids Inchuding the following weids sech Ngnwmwm B . condions
eSrey .t M - mmmwcmwssa.mm
- e L .o e Ool«nhohﬂgmqucbymmmdmdm FReplace hodzrontal section of sprsy
OMMWWH! wmmwmm.-hmmnw ine with sloped section o prevent
Torminal ond ssimBar metnd towCycle thermal and * ARl weide having cumulative vsage factor hortzontal porBons of piping during ks, ed Aow 10 .
weids (Detween carbon steel mechanical faligue aquel 10 or grestar than 0.4 straiified Nows, and thermal shocka,
componenia end stainiess : . s -+ * AR weids having stees intenaly range of Redesign piping 10 sfiminets vaive
steel piping Y I 243, mmmmummmm leakage
mbmdeomm .
Same weide are ired Y be ¥ d proved NDE method 10 detect crack growth In the besa Proventitive of predictive
. : during sach nepection interval metal and welds . Sk for heater repi t
stainiers piping Loweycla thermal and mechant- - c .
Can sedt cal fatigue Flaw detocton and evaluston 10 CFA mwhmmmmdm Use Improved stem packing
* Surge Sne . Thermal embritement . 50,334, IWB-2000 Wog..dm NODE and )]
« Sprey fne . . |. Erosion spray vaive - ool weing and
« Vaives Borie acid Conotion Le.mommummuaocn SCOUREE emesion
o FaSnge - Stem packingimeas and 80.55a, WB-5000 b
v | degredeBon with ege and MonRor vaive leakage ;.
service We ASME Section K, NB-3210 and ASME Secion - . B
Beflow degradation no Develop UT 15 detect Rews on cast stainiess stsel piping
- — Cycte 0 of spectied design 1 ' )
fabwes Smelt LOCA via hester element Toch Spec's requiements
Hestor shaeth o and hester slesve - . A
¢ Cycle Q9 of speciied design
Vestel wat - Mghardlowerclothermal - ' | o Leakagentes . .- -
fatgue e o AT Benks for hestupoooidown

FIGURE‘G;I;. Understanding and Managing Aging of Pressurizer, Surge and Spray Lines
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Understanding and managing
aging of BWR recirculation piping

Reactor
vessel

Nozzle bulter
Low alloy
steel nozz!

Weld metal

Materials Piping ~ Types 304, 316L, and Cravice cracki .
L = [
Fitungs, pumps - Statically cast SS - Gr. CF8 Jet pump SN
and valves and CF8M ===
Sale ends - Types 304, 316, 316NG SS Riser outlet
) ) and Alloy 600 . Sale end
Pipe-to-pipe and ~ Type 308L SS Manilold Pump Type 304 SS thermal sleave
pipe-to~elbow welds suction fine X
Crack at recirculating water inlet nozzle
Recirculation thermal sleeve junction.
Safe end-to~ pump
nozzle weld
Pump ]
Weld material - 308L/308 SS - Alloy I-18271-82  Jischarge Pump suction
Nozzle butter -308LSS o | — Alioy -182 valve -
Safe end butter = None - None or Pump
Alloy =182 discharge valve
B IIIIS A7t 7o 0270 TSI RALITI VLIPS
Stressors &  Operational transients, residual tensile stresses, applied stresses, BWR recirculation piping system. =X
Environment  oxygenated coolant, impurities in coolant, and contaminants on
the outside surtace. Typical weld overlay rewnforcement.
UNDERSTANDING AGING

(Materials, Stressors, & Environment Interactions)

MANAGING AGING

Sites Aging Concerns

Inservice Inspections, Surveillance and Monitoring

Mitigation

Weld sensitized heat-aflected IGSCC

Empiloy weld overlay, mechanical

zone, Furnace sensitized safe
end, bimetallic and trimetallic

-~ Inside surface
= Outside surface, if high residual
tensile stresses (may be

- Fitlings, pump and vaive
caslings

welds

(Types 304, 304L, 316, 316L SS) introduced, for example, by
slress improvement) and
contaminants are present

Sites with crevices and small IGSCC

amount of coid work

Sites with highly stzessed regions | Transgranular stress corrosion

and large amount of cold work cracking (TGSCC)

(Type 316NG SS) :

Sites subject to cyclic stresses Fatigue

Duplex (austenitic-{erritic) Thermal embrittlement of high

stainiess steels deita fernte (>10% ferrite)

tegions, IGSCC of low delta

ferrite (<10% lerrite) regions

NRC Requirements

Ultrasonic inspection of weldments as
per NRC Generic Letter 88-01,
Reduced inspection period and
increased sample size for piping
made of non-IGSCC resistant
materials (e.g., Type 304 SS)

For weldmants without crack,
depends on when stress
improvement implemented

For weldments with cracks,
depends on whether cracks have
been reinforced by weld overlay
or mitigated by stress
improvement

Inspection procedure for weld
overlay repair should be capable
ol detecling cracks that were 75%
of the original wall thickness

inspection period can be as short
as one refueling cycle, and
sample size can be as large as all
welds

Recommendations

Develop improved methods toinspect | S€SS impiovement, induction

heating stress improvement, and

weld overlay repairs. clamping device for repaifing
For leak detection: welded piping
- Install moisture sensitive tape on Use Type 316NG SS,

corrosion~resistant cladding,
solution heat treatment, and heat
sink welding for replacement

susceplible region of piping.
- Use acoustic emission monitoring

method piping

coo:: ,an“‘f‘cgg:\;ggy““"“"“ of Evaluate the use of 347NG SS as
piping matenal
For eflective Hydrogen Waler
: . Assess the effects of Hydrogen

Chenu.slry.conuol. . Water Chemustry on overall plant
- Maintain electrochemical operation

corrosion potential on standard diation

hydrogen electrode scale to — [fadiation fiekds

<230 mV. - {uel pedformance
- Maintain coolant conductivity - acceptable length and

<0.3 pSlicm frequency of short outages ot

- hydrogen water cherusiry

Rev. 0, Jan 1991

FIGURE 6.

14. Understanding and Managing Aging

of BWR Recirculation Piping
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Understanding and managing
aging of LWR coolant pumps

Materlals Casing « Staticalty cast 88 Gr. CF8, CFOA,
CF8M, or SA-508 with sustenttic
SS cled
Ctosure Studs « SA+193 Gr. B? or 8A-540 Gr, B2)
Cover Gasket = Type 304 S3S flexitaflic (stainfess stesl
graphite-2sbestos material)
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Cast Stainless Steel - An ANL investigation of the micro-
structural characteristics of cast stainless steel from
the Shippingport Station primary system check valves has
contributed to clarification of the thermal embrittlement
processes.that can occur at LWR operating temperatures.
The phase changes that had occurred in this naturally-
aged material were similar to those observed in artifici-
ally-aged laboratory specimens providing validation of
gging projections based on the extrapolation of laboratory
ata. :

Neutron Shield Tank Samples - Mechanical property mea-
surements were conducted on samples of the inner wall of
the Shippingport Station neutron shield tank. Preliminary
results of an ANL evaluation of these samples (including
base metal and weld.materials exposed to different neutron
flux Tevels) suggest that the transition temperature
changes resulting from low-temperature low-flux irradia-
tion are less severe than a previous study had indicated. ..
Differences with the previous study appear to be caused by .
neutron spectral differences and not to flux rate effects.

Invertor/Battery Charger - Naturally-aged inverters and
battery chargers from the Shippingport Station were tested
by BNL under the NPAR Program. Although some aging-
induced changes were noted, it was concluded that aging
had not substantially affected equipment operation.

Nuclear Protection System Panel - An INEL evaluation of a
naturally-aged 1960s vintage nuclear protection system
panel and rack showed that the system was operating close
to the original response time of the equipment when it was
new.

Check Valves - An ORNL evaluation of a piston-1ift check
valve from the Shippingport Station found significantly
more wear than would be expected based on the valve’s
normal service environment.

Motor-Operated Valves - An 8-in. diameter gate valve and
operator from the Shippingport Station were refurbished
and requalified at. INEL. No operational problems had been
observed during periodic testing of the valve during
Shippingport Station operations. The refurbished valve
and operator were subsequently tested as part of an inter-
nationally sponsored seismic research program. The struc-
tural integrity of the valve and operator were not
affected by the seismic excitations. However, the studies
did reveal a previously unrecognized cable sizing problem
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that resulted in the issuance of NRC Information Notice
No. 89-11: "Failure of DC Motor-Operated Valves to
Develop Rated Torque Because of Improper Cable Sizing."

Radiological Assessment - A PNL assessment of the corro-
sion film on primary coolant piping samples from the
Shippingport Station disclosed comparatively low concen-
trations of lTong-lived activation products and very Tow
concentrations of fission products and transuranic radio-
nuclides, reflecting the high integrity of the fuel clad-
ding during reactor operation.

A list of publications from the Shippingport studies is provided in
Appendix E.

6.5.2.4 ‘Requliatory Instrument Review

Under the NPAR Program, a single-source document has been generated
(Werry 1990) that delineates the regulatory documents that govern the inspec-
tion and monitoring of reactor pressure vessels, steam generators, pressur-
izers, and major reactor piping, for use in both aging studies and the LR
process.

6.6 NPAR SUPPORT TO LICENSE RENEWAL

The NPAR technical bases were developed principally to address aging
issues for plant operation up to 40 years. However, these technical bases
have been valuable to NRC staff in the analysis of issues related to LR.
Utilization of NPAR results in development of the basis for LR is addressed in
Section 5.0. Research that contributes to resolution of technical safety
issues could be accommodated in the NPAR Program if issues warrant further
investigation.
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7.0 NPAR REVIEW AND INTEGRATION ACTIVITIES

The Nuclear P]ant Ag1ng'Research (NPAR) Program-has been the subject of a
series of integration and review act1vut1es, these activities are summarized
in this sect1on

7.1 TECHNICAL INTEGRATION REVIEN GROUP FOR AGING ANO LIFE EXTENSION

Prompted by a November 1985 memorandum from the U S. Nuclear Regu]atory
Commission (NRC) “Executive Director for Operations, the Technical Integration
" Review Group for Aging and Life Extension- (TIRGALEX) ‘panel was organized in
1986, with L. C. Shao as chairman, involving representatives from each NRC
office. An early activity 1nv01ved a survey of NRC programs with relevance to
nuclear power plant (NPP) aging.” The Review Group jdentified and documented
technical safety and. régulatory policy issues associated with NPP aging and
Ticense renewal (LR), reviewed relevant NRC and external programs, and pro-
vided recommendations for future NRC actions. A report was published summar-
izing TIRGALEX work, Plan for Inteqrat1on of Aging and Llfe Extens1on

Activities (NRC 1987)

.
oL T

7.2 AGING AND LIFE EXTENSION COORDINATING OOMMITTEE

Following completion of the TIRGALEX initiative, further coordination and
critique of aging-related studies in :NRC was carried out under the Aging and
Life Extension Coordinating Committee: (ALEXCC) in 1987 and 1988. The genera]
consensus of these critiques:was that the aging program was a- V1ta1 e]ement in
developing both the LR Rule and the Maintenance Rule.

7.3 NPAR_RESEARCH REVIEW GROOP" '

Before the formal organization of the review group, the NPAR Program
Managers’ Technical Rev1ew Meeting was held February 24-26, 1987 at Oak Ridge
National Laboratory. - A'major NRC-wide NPAR review session took place in 1988,
with organization of the Review Group,’ drawing from the NRC Offices and the
Regions. After an extended effort, the organ1zat1on was comp]eted in ‘August
1988. The first major activity was a 3-day Review Group meeting in Rockville,
Maryland, March 21-23, 1989, where the ongoing NPAR research at the labora-
tories was reviewed. : The ‘Review :Group’ fully endorsed the NPAR Program. " The
second rev1ew by the- Rev1ew Group was held in Bethesda, Maryland, March 20,
21, 1990. The th1rd rev1ew was he]d 1n ROCKV111e, Maryland, March 26-28,
1991. :
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7.4

OTHER NPAR REVIEW ACTIVITIES

In addition to these extensive review activities, the NPAR Program or

elements of the Program have been reviewed as follows:

In October 1987, the NPAR Program was reviewed by the Senior
Research Program Steering Group on Component Integrity. The NPAR
Program was approved as presented.

In November 1987, the NPAR Program was reviewed by the Nuclear
Utility Plant Life Extension (NUPLEX) Working Group of the Nuclear
Utility Management and Resources Council (NUMARC). The presentation
was received as being well conceived. and productive. -

In December 1987, the NPAR Program-'was presented to- the Equipment
Quantification Advisory Group (EQAG) of the Electric Power Research
Institute (EPRI) meeting in Charleston, South Carolina. General
comments were made to the effect that the NPAR Program was gener-
ating data on aging that would be very useful to the industry.

In January 1988, an NPAR in-depth briefing for NRC’s Office of
Analysis and Evaluation of Operational Data personnel was held.
Overall evaluation was that the program was proceeding to develop
needed aging data.

In February 1988, Electrical and Mechanical Engineering Branch staff
and contractors participated in the EPRI/Industry Workshop on Power
Plant Cable Condition Monitoring and discussed the NPAR cable
studies. Industry strongly supports and gave high priority for
these studies. .

In March 1988, the Advisory Committee on Reactor Safeguards (ACRS)
Subcommittee on Reliability reviewed the NPAR work on motor operated
valves and check valves. The ACRS Subcommittee endorsed the need
for continuing this research effort.

- In March 1988, Commissioner Rogers, his staff, and the staff of the

other Commissioners, were given an in-depth briefing on the NPAR
Program. He and his staff voiced strong approval of the program and
the need to maintain it, and if possible, to accelerate it.

In August 1988, the NRC conducted the highly successful Interna-
tional Nuclear Power Plant Aging Symposium. Many NPAR papers were
presented; also papers from the industry and from foreign speakers.
For the first time, NUMARC and EPRI attendees raised the question as
to the "correct" definition of aging.

In September 1988, at a coordination meeting with the newly formed
NUPLEX group, the NPAR Program was again presented. Though there
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was a general consensus that work being done was very worthwhlle,
the issue of the "correct" def1nit1on of aging was again raised. No
consensus was reached. '

o In November 1988, the NPAR Program was reviewed by the Nuclear
Safety Research Rev1ew (NSRR) Comm1ttee The NSRR generally
endorsed the NPAR Program.

o In April 1989, a meeting was held with NUPLEX to exchange informa-
tion on NRC’s aging program and steps being taken in the development
of nuclear plant Ticence renewal criteria.

e In May 1990, the ACRS reviewed progress on the NPAR Program.

In addition to the review activities 1isted above, various elements of
the NPAR Program have been reviewed and critiqued on at least five occasions
by the members of ALEXCC before it was rep]aced by the NPAR Research Review
Group.

It should also be noted that as part of the cooperdtive effort developed
between NPAR and EQAG, NPAR draft reports are reviewed by members of EQAG, and
the industry insights thus gained, where compatible with the NRC’s safety
mission, are incorporated into the final published report.

Another coordinated activity is organization of a committee to develop
common aging terminology. -The committee members were selected from EPRI
NRC/NPAR, NPAR laboratory staff, NUMARC, and utilities. The effort was funded
by EPRI and was coordinated by MPR Assocwates A draft report containing the
recommended definitions has been circulated for committee comment; the com-
ments are currently being resolved. The draft will be issued for wider
industry and regulatory review before it is published.
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8.0 -COORDINATION WITH OTHER PROGRAMS, INSTITUTIONS, AND ORGANIZATIONS

Various institutions and 1ndustry organizations have performed studies
and instituted programs related to aging research. .-Several ongoing programs
are also producing significant results that cannot and should - not be
dupTicated. Therefore, a major emphasis in the Nuclear Plant Aging Research
(NPAR) Program Plan is that proper coordination and integration ' of research on
plant aging are achieved at various levels. This approach will help achieve
overall program goals and obJect1ves and ensure the eff1c1ent use of available
resources.

Ongoing’ Nuclear Regu]atory Commissijon (NRC) programs related to ag1ng and
license renewal (LR) are being conducted by the Office for Analysis and Eval-
uation of Operational Data (AEOD), Office of ‘Nuclear Reactor Regulation (NRR),
and Office of Nuclear Regulatory Research. "The NPAR Program coordination and
technical integration with other agency programs.are -in place or will be
implemented, facilitated by inputs_from the NPAR Review Group. .In.addition to
NRC-sponsored research, aging and LR programs- are being sponsored in the U.S.
by .nuclear industry groups including Electric Power Research Institute (EPRI),
nuclear steam supply system (NSSS) :vendors, ‘utilities,.architect engineers,
and the Department of Energy (DOE). Also nuclear-plant aging and extended
operation programs are being conducted in a number of foreign countries.

Where the scopes of these programs are ava11ab1e, they are summarized in
Appendix C.

The Internat1ona1 Atomic Energy Agency (IAEA) in V1enna, Austria, has
organ1zed a_program on nuclear power plant (NPP) aging. A major symposium,
held in Vienna in June 1987, attracted approximately 140 representatives from
30 countries. Other IAEA act1v1t1es include .an advisory group to assist in
planning activities, a‘consultant group on recordkeeping, a consultant meeting
on ."Safety Aspects of Nuclear Power Plant Aging (November 1989), and a techni-
cal committee meeting on "The Evaluation and Management of the Safety Impact
on Nuclear Power Plant Aging" (November 1989). Additional meetings were held
in June and November of 1990. An IAEA coordinated research program on NPP
aging and life extension has been organized and is conducting pilot stud1es on
four key safety-related components (see Append1x C)

Figure 1.1 illustrates the coord1nat1on W1th ongoing NRC programs, and
with external programs, 1nv01v1ng both domestic. and. foreign organ1zat10ns It
is very likely that new aging-related prdgrams will:be sponsored in the future
by outside organizations.. An important and continuing activity in the NPAR
Program is identifying new projects and establishing appropriate 'interfaces.

A Tlisting of the more relevant programs, external to the NPAR Program, is

given in Table 8.1. Appendix C contains descriptions of ongoing aging-related
programs. ' o

8.1



TABLE 8.1.

Office of Nuclear Requlatory Research .

18 CFR Part 54-LRR ~ To develop and publish a
License Renewal-Rule (LRR). 1@ CFR Part 51 - To
develop and publish an environmental rule for
License Renewal (LR)

Numerous projects addressing generic safety

. issues and specific $SCs have aging and LR impli-

catfons. In most cases, however, aging and
extended operation are not the dominant consid-
erations in the work.

Office of Nuclear Reactor Regulatiog 7'

"1ing aging.

Maintenance and Surveillance Program--Maintenance
and surveillance are key mechanisms for control-
Phase 1 of the program has been com-
pleted, and Phase II is under way. The work

addresses many other safety and regulatory issues

in addition to aging and LR.
Safety System Functional Inspection Program--The )

objective of this program is to ensure that plant
modifications have not impaired the effective-
ness of selected safety systems. This includes
the detection, control, and prevention of
selected safety system degradation, whatever the
cause; age-related degradation {s covered along
with other casual factors not related to aging.

Safety System Outage Hodifications Inspection

Program--The obJective is'to verify that modifi- |

cations and repairs are conducted proper1y S0
that safety is not compromised. This covers
modifications and repairs that may be aimed at
managing aging or permitting LR.

Electrical Distribution Inspection,Program--the )
objective is to verify that the electrical dis-
tribution system still meets the original or

-modified design and to ensure component perform-

ance meets requirements.

Office of Analysis and Evaluation of Operational

Data-

NPROS Analyses--AEQD analyzes data for the

. Nuclear Plant Reliability Data System {NPRDS),

producing statistical and engineering evalua-
tions of component failure modes, time to fail-
ure, operating conditions that affect failure,
and chemical and physical conditions affecting
component-wearout rates.

ticensee Event Report Database and Anaiyses--
AEQOD has developed the Sequence Coding and
Search System (SCSS), which can be used in

Selected Programs Relevant to NPAR Aging, Studies and Programs

studies of component 1ife and component aging.
SCSS 1s a comprehensive, computerized LER-based
system with features that are highly useful {n.
aging studies, e.g., cause codes specifically
identifying age-re]ated degradation

RRC REGION§

Field Inspection and: Maintenance--Dissemination .
of NPAR report smnnaries to NRC regional. inspec-
tion personnel is currently being explored. The
format of these report sumaries will be tailored
to provide concise information of direct value

to the inspectors in the conduct of their
activitfes.

§PRi[DOELINDUSfRY

EPRI/DOE/Industry Cooperative Program--This
cooperative program is addressing the full spec-.
trum of policy, safety, regulatory, economic, and
technical issues associated with extended opera-
tion. The BWR and PWR pilot LR studies are com-.
plete. Development of lead plant LR requests are
underway, targeted for 1991. Specific LR- .
related programs sponsored separately by DOE/SNL
and EPRI are summarized in Appendix C.

CODES_AND STANDARDS COMMITTEES

ASME committees for operation and maintenance(see
Table 6.2) are developing standards that address

aging management of key safety-related equipment,
with input from NPAR in selected topics.

o ASME Section XI--A Special Working Group-on Plant

Life Extension meets quarterly. They-have active
participation from EPRI, NRC, DOE, NSSS sup-
pliers, and utilities. ASME XI is just beginning
to develop code changes based on LR °
considerations.

IEEE WOrking Group 3.4, under the IEEE Nuc]ear
Power Engineering Committee, is deve]oping rec-
ommendations for changes to IEEE standards based
on aging and extended operation considerations.

"' IEEE Working Group 3.3, under the IEEE Nuclear

Power Engineering Committee, is developing rec-
ommended methods for the Industry to mitigate
equipment aging and to preserve equipment
operability.

FOREIGN COUNTRIES

8.2

Several countries, including Canada, France,“
Germany, Japan, Spain and Taiwan have programs
that address aging and extended operation.



9.0 SCHEDULES AND RESOURCE REQUIREMENTS

The current schedule for .the Nuclear Plant Aging research (NPAR). program
has been adjusted to support the regulatory activities anticipated for nuclear
plant Tlicense renewal (LR). The estimated schedules and milestones for com- -
pleting specific research activities for aging assessments and LR are pro-
vided in this section. These general schedules, and particularly schedules
for evaluating specific systems, structures, and components (SSCs), depend on
funding, assignment of priority, and degree of coordination and part1c1pat1on
by other institutions and organ1zat1ons The NRC/RES staff and its con--
tractors are actively pursuing .participation from domestic and foreign insti-
tutions and organizations. Requirements for LR will have 1ncreased priority
in NPAR resource allocations.. -~ ,

The schedule and resource requ1rements ref]ect the need for ear]y identi-
fication and prioritization of the technical safety issues, based on their
risk significance. Other major elements affecting these requirements are the
availability of topical reports from 1ndustry programs, the work scope
required to resolve essential safety 1ssues, and the development of proposed
regu]atory review procedures X . o

The schedu]es for major e]ements of the" NPAR Program are g1ven in F1g-
ures 9.1 to 9.4. The schedu11ng of the Phase-1 and Phase-11 assessments for
components and systems is shown for each major act1v1ty Also shown are the
schedules for utilizing the research results; comp]et1on periods, and delays
caused by budget cuts or repr1or1t1zat1on

Table 9.1 summarizes the planned NPAR accomp11shments for fiscal years
1991 and 1992. The schedules and major activities are based on the current
NPAR research pr1or1t1es Note that the activities 'and schedules can change
as information is developed in the program and as additional inputs are
provided and program needs are 1dent1f1ed

Note also that the number of systems and. components and the degree and
depth of assessments and analyses that can be, conducted effectively will
depend on the availability of funds and the per1od of time over which the
results are required. - ‘ .

Participation wi11 be needed from NRC staff at an average level of five
full-time. professionals per year for the duration of the program. When par-
ticipation by outside organizations is achieved, the resources provided from
outside NRC will be identified in future revisions of this p]an
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NPAR Milestones and Schedules--Systems
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FIGURE 9.1. NPAR Milestones and Schedules--Systems
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NPAR Milestones and Schedules--Systems

BREETIN ' 'FY-89 FY-90 | FY-01 FY-92 FY-93
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FIGURE 9.1. (contd)
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NPAR Milestones and Schedules--Systems
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(contd)
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NPAR Milestones and Schedu
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FIGURE 9.1. (contd)
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NPAR Milestones and Schedules--Components
FY-89 FY-90 FY-91 FY-92 . FY-93
Motor Operated Valves v/ '
(ORNL) P T T
Check Valves WY/ ]
(ORNL): HITTETITTTTTTTO—
Solenoid Operated Valves [XXXXX
(ORNL) Ve 77/ Z AN T
Air Operated Valves t .
(ORNL)
Auxiliary Feedwater Pum V77777 A
ORNL) oo mes == TN T
Large Electric Motors a B PR XX RXK KK
(BNL) I
Chargers/inverters VA
(BNL) 11111 mu_
Bl Complete KX Phase 1 Phase2  [I] Utilization of Research Results

F—] Signifies Delays Due to Budget Cuts or Reprioritization
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NPAR Milestones and Schedules--Components
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NPAR Milestones and S.ch'edules--Components
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NPAR Milestones and Schedu

es--Components
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NPAR Milestones and Schedules--Spec'i'aI Topics
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NPAR Milestones and Schedules--
Aging Program and Issues Coordination
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FIGURE 9.4. NPAR Milestones and Schedules--Aging Program and Issues Coordination




TABLE 9.1. Planned NPAR Accomplishments for FY 1991 to 93

Issue a draft Master Regulatory Guide (Format and Content) to address technical issues relating to aging degradation for license
renewal.

Issue a manual on management of aging. _
Develop guidelines for recordkeeping and good maintenance practices for license renewal, if required.
Develop a step-by-step procedure for treatment of aging in probabilistic risk assessment. )
Develop a procedure 10 account for testing and maintenance, influencing aging dcgradauon, |n PRA.

Complete the regulatory instrument review of major LWR components from aging perspective and for licénse renewal
consideration. .

- Containment Basement
- Cables g i A “
- Sclected Pumps and Valves

Complete the review of the technical specifications from aging pcrspectxvc and generate rccommendauons to Office of Nuclcar
Reactor Regulation (NRR). o

Complete the reviews of industry (NUMARC) technical reports; assist NRR in dcvclopmg staﬂ' technical posmons, assxs! NRR in
developing/modifying Standard Review Plans for license renewal considerations. - . T

Complete the development of model(s) for residual-life assessment of selected major LWR oomponems and structures.
Complete assessment of selected emerging inspection, monitoring, and material testing techniques. '
Complete Phase-1I NPAR studies on the following components and systems: - L ST e

- Residual Heat Removal/Low Pressure System o o R
- Reactor Protection System '

- Class 1E Distribution System. . ) ST L e

- Instrument Air System . . o B - :
- Snubbers ’ : _ : Lo
- Cables . : _— S
- Fire Susccptnbxlxty/Electncal Componcnts (complete FY 1993) e AETE
Complete Phase-I NPAR studies on the following components and systems: ' .

- Control Rod Drive Systems . . . S . 4>

- BOP System Aging Effects ] : ’
- Automatic Depressurization System ) o .
- Reactor Core Internals

- Air Operated Valves - Lk <o
- Large Electric Mo!ors ) . .
- Penetrations ) C . TR -
- Connectors '

- Chillers

= Transformers

- Heat Exchangers ' ‘ _—
- Bistables/Switches

- Main Steam Isolation Valves

- Engineered Safety Features

Complete Phase-I and initial Phase-II NPAR studies on the following systems and components:
- High Pressure-ECCS : |

- Auwxiliary Feedwater System

- Containment Cooling System

- Instrument and Control

- Standby Liquid Control System )

- Turbine, Main Generator and Controls

s Apply NPAR lessons learned to advanced LWRs.

. N A
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APPENDIX A

NPAR_PROGRAM P@RTICIPANTS

This appendix contains a brief summary of the NRC contractors functioning
under the Nuclear Plant Aging Research (NPAR) Program. The research is cur-
rently being conducted by the fo11OW1ng U.S. Department of Energy (DOE)
national laboratories:

o Brookhaven National Laboratory (BNL), Long Island, New York

o Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho
o 0ak Ridge National Laboratory (ORNL), Oak Ridge, Tennessee

o Pacific Northwest Laboratory (PNL), Richland, Washington

« Sandia National Laboratory (SNL), Albuquerque, New Mexico.

Also supporting and participating in this research are the National Institute
of Science and Technology (NIST), Scientific Applications International Cor-
poration (SAIC), and Wyle Laboratories. In addition, work is subcontracted to
other private engineering firms and private and academic consuitants when spe-
cialized expertise is required. The laboratories frequently interact with
utilities operating nuclear power plants in conducting and validating the
research on aging of components and systems. Tables 3.1, 3.2 and 4.1 summa-
rize the specific roles of the laboratories and the schedules for completion
of the individual work elements.

The maJor format for documentation of the results of the NPAR aging
assessments is NUREG/CR reports. Some studies are documented in technical
reports from the individual laboratories. Other results are reported in pro-
ceedings of meetings and symposia, in proceedings of the annual NRC Water
Reactor Safety Information meeting, and in peer-reviewed journal articles.

Kondic and Hi11 (1990) summarized the 72 NPAR reports published through

May 1990. Since then, approx1mate1y 20 more NPAR reports have been issued in
final or draft form.

A.1



APPENDIX B

UNDERSTANDING AND MANAGING AGING



APPENDIX B -

UNDERSTANDING AND MANAGING AGING

In this appendix, the nature and processes of ag1ng in nuclear power
plants (NPPs) are reviewed.. Aging processes are described, including degra-
dation mechanisms. Also -identified are methods to manage aging in NPPs.
Finally, the potential impact of aging on NPP safety is explored.

B.1 NATURE OF AGING PROCESSES ~

From t?e regulatory perspective, the term "aging" can denote either
favorable(d) or unfavorable changes in properties. As .an NPAR working defi-
nition, age-related degradation is defined as the cumulative degradation
occurring within a reactor system, structure, or component, which, if unmiti-
gated, may result in loss of function and . 1mpa1rment of safety. _Aging is a
comp]ex process that begins as soon as a component or structure is produced
and continues throughout its service life. " Aging plays a significant role in
the operation of a nuclear plant and must be factored into the determination =
of safe operating lifetime limits. It also is important in evaluations for
license renewal. Each nuclear plant, including those still under construction
or being mothballed, should be systematically evaluated for the effects of
aging. Factors that can cause ag1ng include the fo]low1ng

. Natura] internal chemical or phys1ca1 processes - Examp]es include
the embrittliement of metals and plastics because of structural or
chemical changes, high-temperature sensitization caus1ng suscepti-
bility to intergranular stress corrosion cracking in austenitic ,
stainless steels, and oxidation or cross linking of po]ymers with a
resultant loss in toughness and d1e1ectr1c strength

» External stressors and env1ronments - Irrad1at1on pr1mary and

 secondary coolant chemistry, and v1bratory loads are the typical
examples of stressors introduced by the operating environment.
Freezing and thawing, brackish water, and humidity are typical ‘
examples of stressors introduced by external environment. .Syner-
gistic influences of ‘electrical and mechanical stressors in combina-
tion with other internal and externa] env1ronments also contr1bute
to degradation processes.; - - : .

Pl

(a) Certain aging processes, such as cur1ng of concrete can 1ead to 1mproved
properties.
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e Service wear - Service wear of rotating equipment and wear of the
drive assembly in a control rod drive mechanism are typical
examples.

» Excessive testing - Frequent fast-start testlng of emergency diesel
generators is a prominent example.

* Improper installation, application, or ma1ntenance - Durlng Phase I
of the NRC Maintenance and Surve111ance Program, (NUREG-1212) the
investigators concluded that 48% of the licensee event - reports
(LERs) were maintenance related, and that over 60% of the forced
outages were due to component failures.

These factors and others can act either s1ng]y or synerg1st1ca11y to
degrade a system, structure, or component.

B.2 UNDERSTANDING AGING

The effective management of aging beg1ns with an understand1ng of the
aging processes. The requisite understanding may be either empirical or mech-
anistic, depending on the nature and potential consequences of a particular
aging process.

B.2.1 Degradation Mechanisms

Stressors and environments act in concert on materials to cause age-
related degradation. Many mechanisms can potentially contribute to deterio-
ration processes. . However, frequently the deterioration occurs slowly such.
that it is not expected to interfere with plant operations or safety over
plant life. Extensive analytical and experimental efforts by both government
and industry have characterized effects of numerous .degradation mechanisms
that operate in NPPs. These mechanisms vary widely in terms of their poten-
tial effects. Some mechanisms are operative. in numerous systems, structures,
and components (SSCs) over wide ranges of environment and.stressor levels;
effects of other mechanisms are limited to specific components or materials
over narrow ranges of conditions. Degradation mechan1sms of concern in NPPs.
include the following: .

Corrosion is a normal phenomenon in NPPs' bulk ‘corrosion in air, water,
or steam causes buildup of corrosion products, loss of mater1als, and act1v1ty
transport in irradiated systems; however, it seldom results in maJor thinning
or wall penetration; several localized corrésion processes occur in NPPs, such
as crevice corrosion, pitting corrosion, galvanic corrosion, various types of
stress- or irradiation-enhanced corrosion, etc. These processes can lead to
significant local wall penetration and to varﬁous, high-consequence failures.

Erosion caused by high ve]oc1ty steam, water, or two- -phase mixtures has
contributed to major failures in NPP SSCs. Special processes of importance
include erosion/corrosion (local erosion causing a wearing away of a protec-
tive oxide film, allowing corrosion to’'proceed) and cavitation.
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-Embrittiement of metals and p]astics because of structural-or: chemical
changes induced by radiation, high temperature, or atmospher1c contaminants
can lead to fragility and failure under dynamic loading. -Radiation’ embr1tt1e-
ment and loss of toughness in metals .is:a consequence of intense neutron radl—
ation fields; thus, only .components iniclose proximity to’ the’ “reactor core’
such as’pressure vessels:and vessel supports are affected.  Organic:and elec:
tronic materials are particularly susceptible to- ionizing radiation’ damage and
to degradation caused by attack of- aggressive -chemical "species”produced -in-
ionizing radiation:fields. - For example,:ionizing radiation reduces’ the- tough-
ness .and dielectric strength -of plastic insulators used in cables, motor: W1nd-
ings, and transformers. Thermal embrittlement:is associated with chemical ‘or’
metallurgical changes and results from processes such as high temperature
thermal aging leading to reduced toughness of ferrous a110ys, high temperature
sensitization to intergranular stress corrosion cracking in austenitic stain--
less steels, and oxidation or cross. 11nk1ng of. polymers with a resultant loss
in toughness and dielectric.strength.. :Hydrogen-absorption: by ferrous alloys
can a]so lead to loss of . toughness and britt]e fracture.-"-

Hea 1s a genera] concern for rotat1ng or other s11d1ng surfaces where
to]erances can affect performance.”-Lubricant Toss or degradation, e. g.y j'
because of contaminants or chemica] breakdown, can great]y acce]erate wear SEEN

Fatigg is.a- common degradation process that occurs in rotat1ng or: S
vibrating equipment or. 'under:other:service conditions:that place’ per1od1c or!:
cyclic loads on-a system or. component:.: Associated failures'may occur at L
either high or low cycles in response to various kinds of 10ads, e.g., v1bra-
tional loads, thermal cycles, or pressure trans1ents. : . v

Chemical/bi glgg] cal degradat]o ‘jnvolves oxygen- -induced -degradation of

organic. materials, micro- -biologically.influenced- corros1on (MIC), and p1ug-
ging:and" corros1on effects from macro- bio]ogxca1 specwes . N :

Shrinkage or creep canoccur’ in. most mater1a1s and -are common phenomena;a
in metals at high temperatures.-: Polymers‘and:composites used-asielectrical
insulators, supports, and. protective coatings ‘may. exhibit dimensional 1nsta-~~
bility as a result of exposure to high temperatures, moisture, mechanical -
stresses, or radiation.: These.effects can degrade insulating and structura]
properties. Shrinkage of concrete .in NPPs is primarily:-caused by -long-term: i~
dehydration. Dimensional changes in concrete as it ages do not degrade the
properties of concreté;:-however, whenithese dimensional’ changes' cause inter-
ference, e.g., with other components in prestressed reinforced ‘concrete struc-
tures, degradation can occur. Shrinkage is the main contr1butor to the 1oss
of prestress1ng forces in prestressed concrete containment.. :

B.2.2 Deqradatwon S1tes SR ;<ff;‘if5;, «1 ;‘f{»“"ﬂ B

Certa1n s1tes on or w1th1n a glven component will norma]]y exh1b1t more
degradation than other - S1tes, and, for many components, degradation is limited
to specific locations. 'Factors: that affect vu1nerab111ty to degradation
include localized chémical or metallurgical variations, geometry with respect
to fluid flow or chemical potential gradients, prox1m1ty to mechanically or
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chemically incompatible materials, and high local stresses. Examples of site-
specific degradation include 1) localized erosion/corrosion in ferritic steel
piping because of local high fluid velocities, 2) intergranular stress corro-
sion cracking in heat-affected zones near welds in austenitic stainless steel,
3) excessive hinge pin wear in check valves subject to flutter, 4) rapid deg-
radation of pump impeller-blades when cavitation occurs, 5) wear. or galling of
sliding contacts, 6) crevice corrosion, and 7) fatigue cracking in regions
experiencing tensile stresses. Knowing which sites degrade, by what mech-
anisms, and at what rates is necessary for selecting monitoring methods and
for determining where, how, and with what frequency monitoring must be applied
to reliably trend and mitigate aging.

B.3 MANAGING AGING

~ When the mechanisms that cause aging are understood, they can be managed
to ensure that aged SSCs will adequately perform their designed safety func-
tions. Inspection, surveillance, condition monitoring, recordkeeping, trend-
ing, maintenance, and refurbishment/replacement programs are effective tools
for managing aging in operating NPPs.. Depending on their intended function,
these programs take various forms, such as corrective maintenance, preventive
maintenance, predictive maintenance, reliability centered maintenance, condi-
tion monitoring, inspections, tests, and surveillance programs. Together,
these. programs comprise a-comprehensive maintenance program that can effec-
tively mitigate potential consequences of age-related degradation.

3.3.1 Inspection, Survei1iahce,-and Monitoring

. Inspection, surveillance, and monitoring methods (ISMM) should reflect
mechanistic.and empirical .assessments performed by qualified staff in their
efforts to understand and mitigate aging. These:methods which also include
testing and condition monitoring should employ state-of-the-art non-
destructive examination,.such as-ultrasonic testing, signature analysis,
vibration analysis, dielectric performance measurements, and other measuring
techniques performed by qualified or.certified staff. Measurement results
should be documented, trended, and analyzed with respect to frequency and
nature of preventive-and corrective maintenance, and for indications of their
effect on residual SSCs lifetimes. :

The methods of inspection and surveillance, non-destructive examination
and condition monitoring are described in more detail as follows:

¢ Inspection _and Surveillance

Detailed and comprehensive requirements for monitoring degradation
in SSCs are conveyed by the inservice inspection requirements in
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. Section XI of the ASME.Boiler and Pressure Vessel Code and the sur-

" veillance test1ng requ1rements stated.in.the plant technical spec1f--
“ications; which’ are part of the final safety ana]ys1s report These
oversight programs can prOV1de ‘'useful indications’ of aging- -related

. deterioration. These programs are. supp]emented by non-mandatory -
1nspect1on, surve11]ance, ‘and’ test1ng

) N

. Non Destruct1ve Examination

A varlety of non- destruct1ve exam1nat1on (NDE) techn1ques are

~ employed as ‘part of the inservice 1nspect1on and testing programs to
detect and characterize flaws.or.other. .evidence .of degradat1on that . -,
~may precede failure. "Commonly used ‘methods include: visual inspec- C e
tion,. .dye- penetrant and magnetic. part1c1e treatments, :radiography,
eddy current.testing, ultrasonic testing,.electrical signature .
analysis, and acoustic emission monitoring. Each-.of these methods
has advantages and limitations. The limitations derive ‘mainly from
the fact that NDE techniques were developed primarily as quality -
control tools for detecting manufacturing flaws. New or 1mproved
NDE methods are continuously being developed. .. It-is.expected that
techn1ques that will -be.available in -the. future W111 provide the .-

mechanics analysis.and will allow on-line. mon1tor1ng ‘of -deteriora-
tion in mechan1ca1 propert1es dur1ng ]ong term inservice exposure

o ond1t1on Mon1tor1ng

o Cond1t1on mon1tor1ng and trend1ng of degradat1on form the bas1s for
predictive maintenance:. ;The:overall:goal:of the predictive mainte-.
nance program is to prov1de information concerning degradation rates
and residual Tifetimes that can be used to predict and prevent fail-
ures. Tools used in doing ‘this include NDE, residual-life assess-
ment, and information:analysis and:trending. Trends:iand defined

. act1on levels-provide- gu1dance needed by the preventive maintenance

- program.to schedule services with a:frequency that will avoid: fail-
ure of. critical:SSCs.::-0Observed degradationiprovides opportunities
for identifying:and:eliminating sources of unnecessary deter1orat1on :

' through root- cause ana]ys1s and correct1ve act1on RRTTE

B.3.2° Recordkeeg1ng

Recordkeep1ng is an- essent1a1 e1ement of both mon1tor1ng and ma1ntenance
programs.- The:product.of aging- monitoring:programs is information-that must
be translated into effective maintenance.practices:: This: Tequires’l) .that’ the
information-obtained:by monitoring-activities be recorded in adequate, “unam- .
biguous detail in a form that is readily retrievable and 2) that the informa-
tion be easily applicable to specific maintenance practices that effectively
mitigate age-related degradation. Records that meet these requ1rements are
needed to prioritize maintenance resources-and;to correlate:actual operating
environments and stressors-with 'design assumpt1ons and computed 11fet1mes SO
that actual SSCs lifetimes and maintenance:intervals can be'anticipated.
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Maintenance records serve primarily to establish performance histaries
for the SSCs that comprise the‘plant. This information and its continuous
feedback are useful in spec1fy1ng what, how, and when equipment should be
maintained; what information should be collected; ‘and.how it should be
recorded. Maintenance histories and equipment performance,trends should be
documented consistently with regulatory requirements, and the licensees' goals
and objectives should be kept current.

A well-developed plant records system, coupled WIth effect1ve access to
experience from similar plants, provides the basis for accurate condition or
failure profiling. 'Effective prof111ng is important’in making proper deci-
sions regarding maintenance actions, that may mitigate the relatively large
number (30%) of -abnormal occurrences that have been attributed to maintenance
shortcomings. - Requ1rements for records retention and retrieval should be

B.3.3 Trend1ng

Trending of 1nformatlon obtained by monitoring activities can lead
directly to maintenance. recommendations, Often;’ ‘however, the selection of the
information to be trended must be based on a thorough understanding of the
important mechan1sms, if the trending results are to be meaningful.

Records of component failure data can be trended and monitored to assess
maintenance program effectiveness. Process indicators, such as post-
maintenance test results, surveillance test results, ratio of preventive to
corrective maintenance, ma1ntenance backlog, and rework frequency, can also be
trended- to 1nd1cate problem areas and overall maintenance effectiveness.

B.3.4 Ma1ntenance. Refurbishment and RepIacement

Maintenance methods range from simple,. straightforward tasks to complex
activities that.require extensive coordination, -training, and technical exper-
tise. The level of oversight and resources devoted to these methods should
reflect their. complexity and. 1mportance to plant ‘safety and reliability. A
maintenance program.has- several’ 1mportant elements. - Those relevant to. aging
management include corrective maintenance, predictive maintenance, preventive
maintenance, and refurbishment and replacement. Some of these elements are
interdependent and are related to aging monitoring activities discussed in the
preceding subsections. In addition, the scope and nature of the various main-
tenance elements should reflect. the as-built plant design specifications;
manufacturer's recommendations; operating experience--both internal and
external; relevant recommendations and information from the NRC, the nuclear
power industry, and its vendors; and general good eng1neer1ng practlces.

Correctlve Ma1ntenance

Corrective ma1ntenance is performed'to restore failed or ma]func-
tioning equipment to service. For some types of equipment or com-
ponents, where failure does not present severe consequences, a
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_corrective, as opposed to preventive,. approach is preferred (e.g.,
,rep]acement of light ‘bulbs ‘and certain categories’ of non-critical:
components) As with other maintenance -activities, -corrective main-
tenance priorities should be :based on :thé relative -importance of" the
equipment and on p1ant safety and re]1ab1l1ty objectives.  An-added
function of corrective maintenance is to determine root causes of
malfunctions and carry out appropriate correct1ve action to prevent
unnecessary recurrences.

Pred1ct1ve Ma1ntenance

.,Pred1ct1ve ma1ntenance 1nv01ves ‘the act1ons necessary to monitor,

" find trends, and analyze parameter/property and performance char-
““acteristics ‘or ‘signatures associated with a piece of equipment which.
~ would indicate that ‘the equipment may be approaching a state such

" that it may no longer be capable of performing its intended func-
tion. The predictive maintenance program should be effective in
reducing the failure of SSCs by using techniques ‘that indicate the -
need for preventive maintenance prior to equipment failure. The
data gathered should be analyzed, trends should be identified, and-
action levels ‘stiould be défined. "Action should be taken to prov1de
feedback to the maintenance program initime to preclude equipment
failure. The pred1ct1ve maintenance program should provide data to
the preventive maintenance program and provide and retrieve equip-
ment history data. Root causes should be determined,. if poss1b1e,
and action taken and resu]ts fed back 1nto the program.

' Preventlve Malntenance

Preventive ma1ntenance 1nc1udes schedu]ed act1ons performed to pre- -
vent equipment failure. Malfunctions that .represent s1gn1f1cant
challenges to plant safety’ or reliability should be prevented. .

major responsibility of the maintenance organization is to .be cog-

_ nizant of the s1gn1f1cance of-potential malfunctions and to ensure

~ that severe consequence ‘events are. norma]ly averted by adequate pre-
' ventive maintenance.  Preventive maintenance relies heavily on
information generated by monitoring programs to define necessary
activities .and the frequency at which they should.be performed. In

" addition to input from mon1tor1ng programs, prevent1ve maintenance .

~ .action should" be based ‘on :equipmerit "histories, other plant: perform-
" ance experience,’ vendor recommendations, .and 'good:engineering prac-
tice, 1nc1ud1ng as low as reasonably.achievable ‘considerations. .
Planned actions. and schedules should be documented, and departures’
from these plans should be:justified-on technical. grounds and sub--

" ject to management review.and approval. -Clear, comprehensive proce- -

dures are vital ‘for preventive maintenance -and other oversight and
maintenance activities.

. Refurbishment and Rep]acement

Certain c]asses of nuc]ear equ1pment are subJect to refurb1shment or
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replacement on prescribed schedules. It is important that timely
detection of refurbishment and replacement needs that arise in key
safety-related equipment due to premature aging are accounted for,
both in categories on prescribed schedules and those not on periodic
programs.

¢ Environment Modification

Modifications to water chemistries in BWR reactor coolant systems by
hydrogen addition and changes from phosphate to volatile treatments

in PWR secondary systems are examples of major measures to decrease

corrosion of materials in safety-related areas of NPPs.

B.4 DETERMINING POTENTIAL IMPACT OF AGING ON SAFETY

Plant safety could be compromised if degradation of key SSCs is not
detected before-a loss of functional capability, and timely corrective action
is not taken. If unmitigated, age-related degradation of SSCs can result in
an undetected reduction in the defense-in-depth concept. The defense-in-depth
concept requires that the public be protected from the accidental release of
fission products by a series of multiple barriers and engineered safety
systems.

A survey (Murphy et al. 1984) of licensee event reports (LERs) conducted
by Oak Ridge National Laboratory (ORNL), as part of the planning for this
aging research plan, offers examples of numerous instances of aging-induced
failures of equipment that have been reported. The reported events indicate
that essentially all types of safety-related systems have been affected by a
variety of degradation processes. Also, ORNL described the background of
‘selected age-related LERs in detail to provide a better perspective regarding
the safety significance of .aging (Murphy and Vora 1985). Results of numerous
NPAR studies further augment the perspectives of aging impacts. Based on
these studies, aging effects can contribute to both the probability of initia-
tion of transients and accidents, and the probability of failure of the
mitigating equipment during operation.

The regulatory concern is to recognize and correct or avoid age-related
degradation before it decreases the religbility of systems and components to
function properly. For example, if maintenance programs are deficient, valves
may fail to open or close on demand, sensors may send faulty signals, electri-
cal relays may not operate properly, or diesel generators may fail to start.
Individually, such events may not have substantial effects on plant safety;
however, the cumulative result may be to decrease the margin of safety. More-
over, failure of a system or component to function properly may subject other
components to increased stress and increase the likelihood of their failure.

A possib]e.consequence is that a malfunction of one component could trig-

ger a sequence of component failures, or result in the simultaneous, common-
cause failure of degraded components in other systems.
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Of particular concern is the potential for common-cause failure of redun-
dant components in safety systems, where simultaneous failure during a trans-
-jent or accident could lead to 1oss of functional performance ‘of para11e1
safety systems. Aging-related degradat1on ‘that could . lead to common cause..
failures needs to be understood as a basis to prec]ude accident 1n1t1at1on or
loss of safety funct1on and to ma1nta1n capab111ty for accident m1t1gat1on '

Another type of common- cause ‘failure ‘is' the s1mu1taneous or sequent1a1
failure of multiple SSCs due to an external tr1gger event. A classic hypo-
‘thetical example might be ‘a’seismic event that triggers’ the ‘failure of
supports or snubbers restraining corroded piping. ~Although such occurrences
are extremely unlikely, the consequences could be quite severe. The first
age-related safety analyses tended to concentrate on this type of ‘major event,
which has low probability but potentially severe consequences. In these ear]y
investigations, a deterministic approach was used to attempt to. ca]cu]ate the
risk associated with plant aging. More recent investigations have used an
approach that incorporates the probabilities that various sequences might .
occur. Both types of analyses include consideration of the 1ikelihood of the
sequence .or sequences occurring, and both define "risk" to be the product of
the probability of occurrence of the sequence and its consequences. The .
primary difference ‘lies in the methodo]ogy used to .define which sequence, or
sequences, should .be considered in the analysis.. .

L

8.4.1, Deterministic Safety Ana]vs1s;

: In a deterministic analysis, the choice of sequence and the sequence
probability is developed through the technical judgments of an interdiscipli-
nary panel of experts. An example would be the Appendix K analyses of effec-
tiveness of emergency core cooling systems (10 CFR 50). As other examp]es of
these kinds .of judgments, we have 1) the choice of_a "guillotine" pipe break
for-large loss-of-coolant analyses, 2) the more recent acceptance of the "leak
before break" criterion,-3) the comp11cated rules detailing which mitigating
equipment is available after the -initiating event, and 4) the single failure
criteria. The types of decisions and choices se]ected are typically based on
an intuitive understand1ng of which accident sequences are 1likely to Just1fy
analysis, that is, to be significant contr1butors to the overa]] r1sk associ-
ated with the p]ant : : o

B.4.2 Probab111st1c R1sk Assessment . j .  "J L

In contrast to the determ1n1st1c approach where ‘the. cho1ces of sequence
are based on- expert -judgment, . the probabilistic risk assessment ‘(PRA) approach
attempts -to use the Jikelihood of occurrence and the consequences 'associated
with the occurrence to determine which sequences to .analyze,. and their prob-l
able contribution to:overall. plant risk." The methodology used in:a PRA -
focuses on the risk associated with each“potential ‘sequence to determine which
sequences justify analysis. 1In addition, PRAs normally include fault tree
analyses, which provide enumeration of the specific sets of component (and
other basic) failures that can cause a part1cu1ar sequence of events leading
to an accident.
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In practice, because of limitations in the availability of precise fail-
ure rate data and the impracticality of performing extensive Monte Carlo type
calculations involving all plant SSCs, expert judgment is used to constrain
the types of sequences considered in a PRA. Likewise, the expert judgment
that is used to select sequences to be considered in a deterministic safety
analysis is based on a knowledge of historical failure rates and an implied
perception of risk. Thus, it can be argued that both "deterministic" and
"probabilistic" safety analyses are hybrids, ‘each encompassing elements of the
other's methodology, differing only in the time and manner in which time ele-
ments enter into the overall process.

B.4.3 "Hybrid" Analysis

The term "hybrid" has a special meaning in regard to safety analyses for
license renewal. Specifically, the hybrid safety analysis approach uses the
deterministic safety analysis methodology to quantify risk associated with
age-related degradation of vital components, where the most significant acci-
dent sequences are well defined. The PRA methodology is primarily used to
screen nonvital systems and components to determine if failure sequences
within them could adversely affect the performance of vital systems and compo-
nents, thus increasing overall plant risk. This combination, or hybrid,
approach takes advantage of the lower costs associated with the deterministic
safety analysis, while assuring against unforeseen accident sequences that
might not have been recognized without application of the probabilistic safety
analysis methodology.

B.5 HUMAN-MACHINE INTERFACE

Human factors have contributed to accidents and are recognized as a major
factor in nuclear plant safety. The effects of personnel on the aging of
nuclear equipment have been identified in Phase-I assessments conducted under
the NPAR Program. For example, the diesel generator aging study recognized
classes of failures in the historical database that were attributed to
inappropriate personnel practices.

Human factors relate to plant aging in two ways. First, they can con-
tribute to the aging of plant systems and components by affecting materials,
stressors, environments and their interactions. For example, inferior main-
tenance of diesels will contribute to their aging, or faulty application of
procedures during inservice inspection will fail to detect material flaws.
Second, human factors are important in the response to aging phenomena. For
example, by understanding how aging affects plant performance, plant personnel
are better prepared to make decisions relating to the operation and mainte-
nance of a plant. Also a plant staff that is alert and perceptive to unusual
phenomena become a defense against the consequences of aging.
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-APPENDIX C

ONGOING PROGRAMS RELATED TO NPAR

C.1 INTRODUCTION

The U.S. Nuclear Regu1atory Commission (NRC) and regulatory agencies in
foreign countries are sponsoring research and development programs to evaluate
the impact of aging on the safe operation of nuclear power plants (NPPs). The
nuclear industry, including the Electric Power Research Institute (EPRI), _
nuclear steam supply system (NSSS) vendors, utilities, and architect engi--
neers, is interested in aging because of the significant economic advantage
that can be-gained from extending the operating license of aged power. plants
Therefore, the nuclear industry, EPRI, and the U.S. Department of Energy (DOE)
are sponsoring pilot studies to evaluate the 1ssues involved in renewing
operating licenses for BWR and PHR plants.

Several NRC and 1ndustry sponsored programs related to aging of NPPs are
currently underway. Many of these programs-are complementary to each other
and, therefore, it is essential that they are coordinated. Coordinating these
programs eliminates dup11cat1on of ‘effort and provides more complete coverage
of aging-related issues in a timely and cost-efficient manner. Such coordi-
nation and integration has ‘a special significance for NRC if the criteria for
Ticense renewal (LR) are to be forma1]y established in the near future.

The Executive Director for Operations established a Technical Integra-
tion Review Group for Aging and Life Extension (TIRGALEX) to ensure effective
utilization of NRC resources. TIRGALEX recogn1zed the importance of the coor-
dination effort and conducted a ‘preliminary review of relevant ‘programs and
activities already under way. Further coordination across NRC offices was
provided by the Aging and Life Extension Coordinating Committee "(ALEXCC).
Currently, the NPAR Review Group, comprised of representatives from the NRC
offices and regions, provides review and coord1nat1on for age-related research
programs.

Interfaces between the NPAR Program and other ongoing NRC programs have
been established and will be maintained. - Similarly, external programs involv- .
ing both domestic and foreign organizations have been contacted. This section
outlines the aging-related programs sponsored by NRC. It also outlines the
similar programs sponsored by industryin the United States and foreign coun-
tries. The outline of these programs is structured into the following
subsections:

C.2 NRC Programs and Activities Related to NPAR

C.3 Programs Jointly Sponsorediﬁy industry, EPRI, and DOE
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C.4 Other EPRI Programs Related to NPAR

C.5 Ongoing Aging and Life Extension Programs at DOE

C.6 Ongoing Life Extension Activities in Codes and Standards Committees
C.7 Aging and Life Extension Prograps in Foreign Countries.

The 1ist of age-related programs external to NRC will be updated period-

ically. The updating will be made as information exchanges take place and
information for new programs is made available to the NPAR Program.

C.2 NRC PROGRAMS AND ACTIVITIES RELATED TO NPAR

In this section, a sumﬁary of ongoing NRClaging and LR related programs
and activities is presented.

C.2.1 Office for Analysis and Evaluation _of Operational Data (AEQD)

The AEOD collects, screens, evaluates, and reports on operational exper-
jience and data from the entire nuclear industry. Through this process the
AEOD identifies components and systems with repetitive, unusual, or possibly
generic failure modes, some of which are aging!related.

The AEOD also conducts evaluations of components, systems, procedures,
and management structures in response to specific operational events. In
performing these evaluations, AEOD is concerned with acquiring and analyzing
data that lead to identifying the root cause(s) of the events. The AEOD does
not specifically focus on aging issues per se, unless the incident involves
failures or degradations due to aging mechanisms. When an event indicates
age-related degradation, the information is forwarded to the appropriate NRC
office for action. The AEOD then publishes case studies that contain -detailed
descriptions of the failure parameters, failure causes, and engineering
evaluations.

The AEOD has developed, through the Oak Ridge National Laboratory (ORNL),
a comprehensive computerized data base to aid in collecting and evaluating
licensee event reports.. This data base, the Sequence Coding and Search System
(SCSS), contains established procedures and codes for collecting operational
data. The SCSS also provides a means of storing and rapidly retrieving root-
failure-cause data that can be used in studies of component 1ife and component
aging. It also has resulted in codes specifically identifying age-related
degradation.

The AEOD has an ongoing project to analyze the Nuclear Plant Reliability
Data System (NPRDS) data base. Jointly with the Institute of Nuclear Power
Operations, which maintains the data base, AEOD has developed a list of
critical components on which to focus attention. The trends and patterns
analysis of NPRDS data focuses on these key components. The AEOD’s analysis
of NPRDS data results in statistical and engineering evaluations of component
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failure modes, times to failure, operating conditions that affect failure, and
chemical and physical conditions affecting component-wearout rates.
| .

C.2.2 Office of Nuclear Reactor Requlation (NRR)

A substantial number of ag1nglre1ated programé afe in progress in NRR.
These programs are discussed below in terms of Program: categor1es, Regional .
act1v1t1es, and Initiatives.

Program Categories

The NRR programs fall under three broad program categories: Operating
Reactors, Casework, and Safety Technology. ,

The Operating Reactors categories includes licensing actions and safety
assessments of both currently operating.reactors and new reactors coming on
Tine. Although aging concerns are generally addressed in the licensing proc-
ess, to some extent, the licensing process does not consider the aging proc-
esses for all.SSCs. The capability of equipment to perform satisfactorily for
its specified lifetime is NRR’s principal area of attention.

Casework is one of the larger program categories in-NRR and represents
projects that are conducted to -support individual licensing actions. These
projects may be initiated by licensee requests for license amendments or by
events that occur at the plants that may require a regulatory response from
the NRC. Most aging-related projects are. included in this program category.
NPAR expertise has been utilized in certain case work areas, e.g. service
water systems.

The Safety Technology program category is divided into five subgroups:
unresolved and generic safety issues; risk assessment; regulatory require-
ments; code analysis and maintenance; and human factors program issues. Some
of these programs have aging-related aspects. For example, unresolved and
generic safety issues are sometimes related to aging issues, e.g., Pressur-
ized Thermal Shock. - In the past probabilistic risk assessments (PRAs) have
not considered all potential effects of age-related degradation; however, NPAR
is developing methods to incorporate effects of aging into PRAs.

Within the human factors program area, the crucial role of maintenance in
predicting and correcting age-related degradation has been reflected in the
Maintenance and Surveillance Program.: Phase I of the Maintenance:and Sur-
veillance Program (NUREG-1212, Vol 1 & 2), was designed to survey current
maintenance practices in the U.S. nuclear industry and to.evaluate their
effectiveness. Phase II is working toward resolutions of the issues identi-
fied and assessed in Phase I.

Regional Activities

Several NRR programs guide ongoing regional inspection activities
relevant to aging, aging detection, and mitigation of .aging consequences.
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These programs include the Safety System Functional Inspection Program, the
Safety System Qutage Modifications Inspection Program, and the Generic Com-
munication Program.

The Safety System Functional Inspection Program, in general, assesses
whether plant modifications of selected safety systems have degraded the
design margin to the point where the system’s ability to mitigate design basis
events is impaired. This program consists of an in depth review of a small
number of safety systems and is usually conducted at older plants. The major
objectives of the program are to ensure that:

o testing is adequate to demonstrate that the safety systems are cap-
able of performing the safety functions required by their design
bases

o system maintenance (with emphasis on pumps and valves) is adequate
to ensure system operability under postulated accident conditions

o operator and maintenance technician training.is adequate to ensure
proper operation and maintenance of the systems

¢ human factors considerations relating to systems and supporting pro-
cedures are adequate to ensure proper system operation under normal
and accident conditions.

The objectives of the Safety System Outage Modifications Inspection
Program are to verify, through sampling inspections, that:

e licensees have instituted effective controls for conducting modi-
fication and repair activities during outages

e activities are accomplished in accordance with established pro-
cedures and commitments

o completed repairs and modifications have been properly designed,
installed, inspected, and tested

o affected systems are ready for safe startup and operation of the
plant following an outage.

The objectives of the Generic Communication Program are to:

o inform licensees of problems, including those due to aging and wear,
that have developed in individual plants

o appraise licensees of required action when these problems are shown
to be significant and generic.

These three programs apply to the pressure boundary hardware, drivers and

actuators, electrical power, and the instrumentation and controls of engi-
neered safety features.
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The NRR also guides the activities of ‘the regions by issuing the Inspec-
tion and Enforcement Manual.” Portions of this manual establish inspection’
procedures that are relevant to aging -and 1ife extension. For example, some -
inspection procedures establish gu1dance for ascertaining that inservice
inspection and testing activities are programmed, planned, conducted,
recorded, and reported in accordance with Section XI of the ASME Bo11er and
Pressure Vessel Code (ASME 1986). Where applicable, these procedures pre-
scribe inspection of the licensee’s recordkeep1ng for mod1f1cat1on, main-
tenance, and repair activities. = .

~The components selected for specificinspection efforts are containment,
instruments and components (spec1f1ca11y, breakers and relays), and reactor
coolant system piping. :The programs in-the: component area are directed at
breakers and relays-that may cause ant1c1pated transients without scrams -
and/or loss of safety-related equipment.” The containment programs address
corrosion, fatigue, and crack-propagationin steel, reinforced- concrete, and
prestressed-concrete containments. The reactor coo]ant system piping program
addresses stress-corrosion crack1ng of- we1ds, and erosion and general corro-
sion of pipe bends and e1bows

NRR Initiatives

NRR has undertaken two major initiatives in preparation-for the p]anned
‘receipt of LR app11cat1ons for the lead nuclear power p]ants (Yankee Rowe in
June 1991 and Monticello in December 1991). ‘The first major initiative
involves participation with RES in development of the LR Rule ‘and the sup-
porting rulemaking package on LR. The Rule (10 CFR Part 54), "Requirements
for Renewal of " 0perat1ng L1censes for Nuclear Power Plants," is scheduled to
be published in'June-1991. - The second major initiative involves the develop-
ment of a Standard. Review’ P]an for License Renewal (SRP-LR) which the staff
will use in the review of LR applications. ~Also in support of the Rule, the
Office of Regulatory Research has issued'a .draft regulatory guide (DG-1009),
Standard Format and Content of -Technical‘Information for Applications to -
Review Nuclear Power Plant Operating Licenses. Both the draft SRP-LR (NUREG-
1299) and the draft regulatory gu1de were issued for comment in December 1990;
publication of the final documents is scheduled for April 1992.

C.2.3 Office of Nuclear Requlatory Research (RES)

RES sponsors a number of large and 1mportant ag1ng re]ated programs The
general objectives of these.programs are to identify .aging mechanisms, evalu-
ate their safety and regulatory impacts, -assess ‘detection methods for partic-
ular aging degradation mechanisms, and develop mitigating and corrective
actions.

Major program areas with aging-reiated projects include Mechanical and
Electrical Equipment Qualification; Instrument Integrity; Primary System
Integrity, which includes the Heavy Section Steel Techno]ogy program, Degraded
Piping, and Steam Generator Integrity projects; Equipment Operation and
Integrity, which includes the Nuclear Plant Aging Research Program; and Non-
destructive Examination.
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RES has an . initiative underway addressing 10 CFR Part 54 to develop and
publish (jointly with NRR) a License Renewal Rule. The Rule is scheduled for
publication in June 1991. Another RES activity addresses 10 CFR Part 51, to
develop and publish an environmental Rule for LR. . The proposed Rule is sche-
duled for publication in August 1991, and the final Rule is scheduled for July
1992. :

C.3 PROGRAMS JOINTLY SPONSORED BY INDUSTRY, EPRI, AND DOE

A joint industry, EPRI, and DOE program was initiated in 1984 to iden-
tify isstues associated with light-water reactor (LWR) license renewal. In
1984, DOE -and EPRI agreed to co-fund studies and developed a joint R&D plan in
1985. - ‘Two pilot studies involving Surry-1 (PWR) and Monticello (BWR) were
jnitiated. After completion of the pilot studies, a bidding process was used
to select two lead plants to develop requests for LR for submittal to NRC.

Northern States Power conducted the BWR pilot plant study at its
Monticello Nuclear Generating Station, co-funded by EPRI and DOE. The utility
was the successful bidder for developing a lead plant LR request, also for
Monticello. The request is expected to be submitted to NRC in December 1991.

The PHR pilot plant study was conducted by Virginia Power at its Surry
Unit-1 plant. Yankee Atomic Electric was the successful bidder for developing
the PHR lead-plant LR application, for the Yankee Rowe Nuclear Power Station.
The LR application is scheduled to be filed with the NRC in September 1991.

In June 1988, the Nuclear Management and Resources Council, composed of
representatives from all U.S. nuclear utilities, formed its NUPLEX (Nuclear
Utility Plant Life Extension) Working Group, and charged NUPLEX with the lead
responsibility for all nuclear industry activities related to LR. The col-
laborative efforts of NUPLEX, EPRI, and DOE have resulted in the issuance of
eleven industry reports (IRs) in support of the LR process. These IRs, which
have been submitted to the NRC for review (see Figure 5.2), are intended to
provide the generic technical bases for evaluating the effects of age-related
degradation in specific NPP structures and systems important to LR.

C.4 OTHER EPRI PROGRAMS RELATED TO NPAR

In addition to the joint programs noted in section C.3, EPRI has a number
of programs related to plant life cycle management that address age-related
degradation. Examples include:

1. Nuclear Plant Life Extension
2. Corrosion Control

3. Component Reliability

4.

Steam Generator Reliability.
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The Nuclear Plant Life Extension Program approaches:aging and 1ife exten-
sion from the technological perspective of.understanding the aging process for
systems and components. It does not address institutional or legal issues.
The Corrosion Control Program addresses environmentally caused cracking and-
pitting. It specifically emphasizes BWR water:chemistry. and understanding and
mitigating pipe cracking due to corrosion. The Component Reliability: Program
is related to the Corrosion Control Program. Structural reliability and
safety improvement are the main:thrusts of the Component Reliability Program.
Specific examples of activities include material characterization, flaw-
detection and assessment, inspection hardware'development,:and reliability
methodology. While the central program focus is materials, the program also
addresses piping, reactor pressure vessel, and.steam: generator ‘tubes. .

Three other EPRI initiatives, are‘of.spec1a1.1nterest.to the NPAR:Pro-.
gram; these are the NCIG (formerly, the Nuclear Construction Issues Group),
the Nondestructive Evaluation (NDE) Center,:and 'the Nuclear Maintenance Appli-
cations Center (NMAC). The primary activity of NCIG of interest to NPAR is
the preparation of guidelines for recordkeeping related-to procurement, quali-
fication, and replacement of nuclear components. The NDE center has compiled
an impressive record in transforming advanced NDE methods from: promising
techniques into proven, field-qualified inspection technologies. The NMAC
develops guidelines for.maintenance and maintenance-related.activities. (e.g.,
pre- and post- ma1ntenance equipment mon1tor1ng and d1agnost1c techn1ques)

EPRI LR-related act1V1t1es in CY 1991 1nc1ude
e participation in lead plant 1n1t1at1ves (~SOA of funds)

e participation in 1ndustry techn1ca1 reports (~3OA of funds)
including resolution of review comments

o data and re;ord'guidelines
e cable cundition monitoring

. in-p]ant versus artificiaI-aging.

C.5 ONGOING AGING: AND LIFE EXTENSION PROGRAMS AT DOE .

PIant Ticense renewa] is be1ng pursued by DOE in severa] ways. One of -
three major efforts within the LWR safety area is the cooperative industry/
EPRI/DOE program to extend the productivity of -existing and future LWRs. DOE
has conducted a study on de11neat1ng the key LWR structures and - components -
capable of continued service beyond their design Tife without refurb1shment or
replacement. Further, DOE has evaluated items requiring replacement in terms
of safety significance, licensing, and cost implications. The DOE programs
are intended to support relicensing by 1nfluenc1ng ‘the federal .regulatory
process: and eva]uat1ng the safety and econom1c 1mpacts of 1mproved p]ant s
performance. - : - : I
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Sandia National Laboratory (SNL) is the lead DOE laboratory for research

related to LR. Principal activities sponsored by DOE/SNL in FY 1991 are:

C.6

participation in lead plant initiatives (Yankee Rowe and
Monticello), including identification of effective programs to
manage aging

participation in préparing 10 industry technical reports (first in
August 1989) (issued October 1989 through October 1990), including
resolution of review comments

emergency diesel laboratory at SNL

development of screening methods

evaluation of flaw distributions in reactor pressure vessels
evaluation of sub-sized Charpy specimen performance

vessel sudﬁort»embritt]ement studies

development (with GE) of in-core electrochemical potential probes
development (with GE) of an in-reactor crack monitor

distribution of cable aging report

annealing studies on reactor pressure vessels.

ONGOING LICENSE RENEWAL ACTIVITIES IN CODES AND STANDARDS

The following is a summary of the status of code activities related to

license renewal:

Institute of Electrical and Electronics Engineers (IEEE). Working

Group 3.4, "Nuclear Plant Life Assessment," is chartered to investigate the
codes and standards aspects of plant license renewal as they pertain to Class
IE electrical equipment. The working group has developed an action plan and
has 5rovided several drafts of a guide document to function in place of
standards.

Instrument Society of America (ISA). There are no current activities.

They take their lead from IEEE. When relevant items arise, IEEE will make the
necessary contacts.

American Society of Mechanical Engineers (ASME). Under the auspices of

the ASME Section XI subcommittee, the Special Working Group on Plant Life
Extension is active. They have participation from EPRI, NRC, DOE, utilities,
several laboratories and NSSS suppliers. To date, the special working group
has reviewed a broad spectrum of aging and license renewal programs.
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Several important changes and additions were incorporated in Section XI
of the ASME Boiler and Pressure Vesse1 Code dur1ng 1988 and 1989.

C.7 AGING AND LIFE EXTENSION PROGRAMS IN FOREIGN COUNTRIES

Extensive programs in materials ‘degradation, NDE, fracture mechanics,
structures, and other ‘aging-related areas exist worldwide. A:few of these
have been detailed in NUREG/CR-3040. The NRC operates large cooperative
international research programs, several -of which are 'directly related to
aging and life extension.

Other programs 1dent1f1ed 1n the ana1yses of severa] selected components
and structures 1nc1ude

o MWestinghouse and Framatome--perform1ng work separate]y and 301nt1y
on NDE for cast sta1n1ess stee] -

o JAERI--evaluating the effects of separate and S1mu1taneous applica-
tion of environmental stressors on cab]es (NUREG/CP-0071) .

o France--developing predictive ma1ntenance programs.
Additional details on foreign act1V1t1es on NPP aging and life extension
are summarized below.

CANADA

The AECL (Atomic Energy of Canada:Limited) approach to managing aging
degradation of nuclear power plant components and maintaining adequate plant
safety embodied in their Local In-Plant Fatigue Evaluation (LIFE) System. The
LIFE system involves the recording, “assessment, and evaluation of the history
of the in-plant conditions. Particular emphas1s is placed on fatigue evalua-
tion, rehabilitation and rep]acement of key CANDU reactor and heat transport
system components.

As applied to currently operat1ng CANDU {Canadjan Deuterium Uranium)
reactors, maJor features of the LIFE approach 1nc1ude

¢ Operating po11c1es and procedures prescr1be pract1ces that are
designed to minimize aging effects. Components, particularly
pressure- retaining components, ‘important to safety are subJect to
inservice inspection.

o Deficiencies are systematically detected and recorded; causes

(including aging degradation) are determ1ned and appropr1ate cor-
rective actions are taken.
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Licensees are required to monitor and periodically evaluate equip-

ment and system performance against the reliability targets set by

the Atomic Energy Control Board (AECB), allowing detection of aging
trends.

Research and development, by both the industry and the AECB, pro-
vide the basis for predicting the behavior of critical plant compo-
nents during plant operation, developing better components and
developing monitoring methods capable of detecting component degra-
dation before loss of safety function occurs.

Aggressive monitoring is utilized, employing.monitoring instru-
ments, periodic testing, inspection, maintenance, and field patrols.
It is recognized that age-related degradation can be detected only
if appropriate time-variant parameters are monitored.

Significant Event Repoffs are prepared for events that have a signi-
ficant negative effect on reactor safety, worker or public safety,
and cost. This.system has the following important features:

- Recording of equipment and operation deficiencies in a
specified, systematic manner to allow event review and
analysis.

- Multilevel diverse screening process.
- Trend lines of equipment and system deficiencies.

- Communication of lessons learned to other CANDU stations,
owners, designers, and equipment manufacturers.

Reactor Safety Reliability Assessment is an important part of the
annual comprehensive and systematic review of nuclear power plant
operation and maintenance by both the licensee and the AECB. It
gives the actual past-year performance and the predicted future per-
formance in terms of system unavailabilities and serious process
failure occurrences. These can be compared to the AECB reliability
targets mentioned earlier.

Information obtained from the LIFE program is also incorporated in new

(CANDU-3) plants during the initial design stages. Special attention is paid
to maximize the longevity of the components and where required make provisions
for economic and expedient replacement procedures.

Ontario Hydro (OH) also has an internal Nuclear Plant Life Assurance

(NPLA) program aimed at:

maintaining the long-term reliability, availability, and safety of
OH’s nuclear plants during the normal service 1ife of 40 years (life
assurance).
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o preserving the option of extending the 1ife of OH’s nuclear plants
beyond the currently assumed service life of 40 years (11fe
extension).

e ensuring that future activities in these areas in OH will conform to
an overall plan. :

The NPLA program which is quite similar to that of NPAR, 1nc1udes initia-
tives a) retrieve samples and information from the Nuclear Power Demonstra-
tion (NPD) reactor, and b) inspect and assess the condition of critical
components of the Pickering Station reactors during retubing operations.

GERMANY

The Geselschaft faor Reakor51cherhe1t m. b H. (GRS) has been engaged, on
behalf of the Federal Minister of the EnV1ronment Nature Conservation, and
Regulatory Safety, in a data collection program at power plants for 15 years
(since initial operations). This program has demonstrated how long-term data
collection and trending of component performance parameters and functional
indicators (a strategy/approach similar to that-recommended in the NRC’s
program plan for Nuclear Plant Aging Research NUREG-1144) provide protection
against failures resulting from age-related degradation.

Age-related degradation has been observed in emergency diesels; power,
measuring, and control cables; pump motors; valves; and a variety of electric
and electronic equipment. The safety and availability problems that may
result from aging are counteracted by a system of inspection and planned pre-
ventive maintenance measures. The GRS has implemented a long-term systematic
collection of data so that the accumu]at1on of defects on-certain components
can be recognized.

-

FRANCE

From the outset of the nuclear program, the French Safety Authorities and
the Electricité de-France (EdF) (the main licensee) took into -consideration
the effects of aging on the installed equipment.

In French designs, qualification-is one means used to check equipment
design. In most cases, -it includes test1ng des1gned to’ eva1uate the behav1or
of ‘the.equipment 'with time. ' _ A

Examples of aging experiences in French reactors include:

o For mechanical equipment--diesel generators are exposed to untimely

starting; steam generators are subject to unforeseen corrosion or
erosion due to foreign matter.
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e For electrical equipment--isolating switches are operated under
unscheduled loading conditions and batteries whose autonomy some-
times changes unexpectedly.

In addition, materials such as coatings (paints) or lubricants (oils or
greases) have a great effect on the behavior of the equipment with which they
are associated.

In conjunction with the safety authorities, EdF has initiated a program
of investigations to:

« develop a method of measurement, in theory and practice, of the
aging of equipment

o determine the influence of NPP operating procedures on aging.

In addition, a file of events is kept up to date for each plant and is
analyzed to evaluate the behavior of the installation.

Since the beginning of the French nuclear program, déans have been set up
that ensure the periodic monitoring of operation or of the intrinsic pro-
perties of the equipment or systems. Some typical examples are:

e periodic testing
+ inservice inspection
e preventive maintenance.

Finally, procedures have been set up to evaluate primary circuit perfor-
mance for each plant (measurement of primary circuit pressure and temperature
values above a certain threshold) and allow comparison to design features.

JAPAN

Technology development for NPP 1ife extension is a priority effort in
Japan. A 7-year technology development plan was implemented in FY 1985.

The major tasks in plant life extension technology development are
related to the diagnosis of NPP aging deterioration, prediction of remaining
plant life, and replacement and improvement of plant equipment. The following
tasks have been implemented for comprehensive evaluations:

e development of life diagnosis and prediction methodology (developing
1ife evaluation methods, creating aidata base on aging and degrada-
tion phenomena, developing monitoring techniques)

e development of technology for replacing and improving large equip-
ment (developing methodology, verification).

C.12



The selection of equipment and structures to be studied in detail was
made in 1985. Structures and equipment that could be easily replaced were not
subject to further evaluation. The remaining structures and components were
ranked according to evaluation criteria that 1nc1uded ease of replacement and
impact on safety. , A

Research on age-related degradation of key components (e.g., RPV con-
crete structures, and cables) is being conducted by the Nuclear P]ant Aging
Research Team (NPART) at the Japan Atomic Energy- Research Institute. Studies
on irradiation embrittiement of RPV steels encompass the effects of water -
chemistry and temperature on crack growth flux intensity effects, and
destructive examination of samples cut from the pressure vessel of the Japan
Power Demonstration Reactor (JPDR). Research on age-related degradation of
concrete structures- includes the development of monitoring methods, testing of
samples bored from the biological shield of the JPDR, and separation of
neutron- and thermal-aging effects on; concrete. strength The cable research
program includes development of mon1tor1ng methods, accelerated aging of
cables, and correlations between aging of test specimens and actual NPP -
components.

TATHAN

A Component Life Assessment for NPP (CLANPP) program in-Taiwan involves
staff from the Materials Research Laboratories (MRL) and from Taiwan Power
Company (Taipower). The program began in July 1987. The project goals are to
establish a data base on material properties, failure histories, and opera-
tional parameters for selected critical components; also to provide component
1ife prediction criteria. )

Current research activities.conducted under the CLANPP Program include:

s stress corrosion cracking (SCC) and irradiation-assisted stress cor-
rosion cracking (IASCC) studies

ScC: Establishment of SCC crack growth rite prediction model and
development of on-line monitoring techniques

IASCC: Participation in the tests to study IASCC
o Life assessment of reactor vesse] and 1ts 1nterna1 components
- Eva]uat1on of fat1gue usage factor -
- . Radiation induced degradat1on of support sk1rt

- IGSCC/IASCC of Top Gu1de/Shroud/Core P]ate
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e Aging study of safety-related valves
- Motor current monitoring of aged motor operated valves
- Aging study of solenoid operated valves
- Improvement of stem packing performance

In addition to participation in the CLANPP Program, NRL has or is
planning research activities in the following areas:

e Life assessment on turbine rotors
. \Pipé integrity study of LWRs
o Component degradation study of PWR feedwater system

o Aging assessment of cables.

SPAIN
A plant 1ife extension program is underway in Spain, emphasizing sur-
veillance. The program deals with programming and reporting inspections and
tests in the following areas:
¢ single- and double-phase erosion corrosion
e Jlow-pressure turbine disc cracking
+ intergranular stress corrosion cracking of piping, and
e control rod drive housing welds.
Fracture mechanisms and procedures for evaluating remaining life are
addressed.

IAEA Activities

Since 1986 the IAEA has been developing initiatives in nuclear plant
aging and life extension. Highlights of the activities are outlined below.

1. In 1986 an IAEA technical committee meeting of "Safety Aspects of
Nuclear Power Plant Aging," was held in Vienna, Austria, September
1-5. Delegates from 12 countries attended.

2. In 1987 the IAEA sponsored an international symposium on "Safety
Aspects of the Aging and Maintenance of Nuclear Power Plants,” held
in Vienna, Austria, June 29-July 3. There were 140 attendees from
about 30 countries.



3. 1In 1988, 4. Pachner,1representingiIAEA,,out1ined-IAEA plans for-a :
comprehensive program on nuclear plant-aging and life extension at
the International Sympos1um on_Nuclear Power Plant Ag1ng, Bethesda,
August 30, 31, September 1.

4. In 1989 and 1990, IAEA sponsored the fo]]oW1ng act1v1t1es in NPP
Ag1ng .

-7 June 1989, consu]tants meet1ng on -NPP recordkeep1ng, he]d in
Vienna, attended by representat1ve§ from.four countries.

- November.13-17, 1989, consultants meeting in "Safety Aspects of
NPP Ag1ng," he1d in V1enna

- November 20-24, 1989, technical comm1ttee meeting on "The Eval-
uation and Management of the Safety Impact of NPP Aging," held i
in Vienna, attended by representatives from 16 countries. !

- June 23-28, 1990, consultants meeting to finalize the technical .
report on, "Se1ect1on of NPP components for Age1ng Manage-
ment Pilot Studies."”

- November 5-9, 1990, technical committee meeting to define
existing knowledge and gaps relating to understanding and man-
aging of aging and to propose pilot studies, on selected com-
ponents. Representatives from 14 countries and the committee
of European communities attended.

IAEA working groups have been organized to conduct pilot studies on four
safety significant NPP components, selected on the basis of their safety sig-
nificance and their susceptibility to different types of ageing degradation.
These components are: 1) the primary nozzle of a reactor pressure vessel,

2) a motor operated isolation valve, 3) the concrete containment building, and
4) instrumentation and control cabling within the containment.

The objectives of the pilot studies are, for each component, to identify
dominant ageing mechanisms, to identify or develop an effective strategy for
managing ageing effects caused by the identified mechanisms, and to validate
or improve the methodology for ageing management studies developed by the
IAEA.

A document summarizing the pilot studies is expected to be published in
1991. Implementation of recommendations from the studies will proceed in
1992.

(a) IAEA spelling.
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The basis for cooperation between IAEA and NEA/OECD has been established.
Joint participation in a meeting in 1991 has been planned. The duration of

the IAEA program in Safety Impact of NPP Age1ng is expected to be approx1-
mately five years.

The results of the pilot studies will have application in monitoring the
degradat1on and in preventive maintenance of the selected components, includ-
ing the development of criteria for decisions on the type and timing of pre-
ventive maintenance actions; and in pred1ct1ons of component performance and
remaining service life under all expected service conditions, including postu-
Tated accident and post-accident conditions.
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ALTERNATIVE APPROACHES FOR CONDUCTING NPAR
PHASE-11_COMPREHENSIVE ASSESSMENTS

Alternative approaches have been used to conduct comprehensive aging
assessments of naturally-aged components and systems.under the NPAR Program.
These approaches are determined by the size and complexity of the components
and systems, relating to the equipment availability and potential expense of
the aging assessment. The first approach, in-depth laboratory investiga-
tion, focuses on laboratory assessments of age-related degradation of com-
ponents, such as small. electric motors. The second and .third approaches, .
systematic applications of experts and-in situ.evaluations, focus on age-.
related degradation of systems and components that are too large, compiex, or
costly for laboratory study. ExampIes of these components include emergency -
diesel generators, snubbers, and service water system components. These
alternative approaches to comprehensive aging assessments are described below
in more detail.

D.1 APPROACH I - EXAMPLES OF IN-DEPTH LABORATORY INVESTIGATIONS

Case 1 - Small Electric Mqtors

The small motors are generally sufficiently compact, portable, and avail-
able to accommodate laboratory investigations within the available budget.
Motors representing a range of sizes and models were investigated at BNL,
including seismic tests. Phase-II results are reported by Subudhi, Burns, and
Taylor (1985). A

Case 2 - Motor- Operated‘Va1ves

Suitable valves were also ava11ab1e and_portable, perm1tt1ng extensive
laboratory studies at ORNL for both aging characteristics and monitoring meth-
ods. Phase-II results are reported by Crowley and E1ssenberg (1986).

D.2 APPROACH I1 -  EXAMPLES OF SYSTEMATIC APPLICATION OF EXPERTS AND IN- PLANT
ASSESSMENTS y ;

Case 1 - Aging Assessment of Emergency Diesel Genératbrs (EDGs)

The EDGs represent a class of equipment that is large and comp]ex, having
approximately 25 models and nine suppliers: Nuclear diesels in the size range
at current p]ants have either not been retired or have been diverted to other
uses. Even given one or more naturally-aged EDGs, an in-depth laboratory
study (at considerable expense) would address aging characteristics of one
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model that may have limited application to other models. The alternative
approach selected by PNL investigators (Figure D.1) was to establish a panel
of three EDG experts, collectively representing ~80 years of experience with
nuclear and non-nuclear EDGs, including experience with design, operation and
failure analysis. The pane1 focused on a statistically selected set of ~2000
EDG failures described in four databases. The panel was directed to system-
atically interpret the failures (genérally minimal) in-terms of their root
cause and whether their cause was age-related. The panel’s interpretation, of
the aging characteristics of the nine EDG types were entered into a dBASE III
program that accommodated numerous correlations. The results facilitated
identification of the EDG components most vulnerable to aging and the promi-
nent aging mechanisms. The results were then subjected to review in a work-
shop that included EDG operators from several utilities. Results are reported
in NUREG/CR-4590, Vols.: 1:and 2 (Hoopingarner et al. 1987; Hoopingarner and
Vause 1987). A second workshop, 1nv01v1ng the EDG experts established the
basis for recommendations to mitigate aging of EDGs. Information collected
during site visits and observations during a major EDG overhaul validated the

v
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FIGURE D.1. Application of NPAR Strategy to Understand and
Manage Aging of EDGs
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research results. _Several regulatory app11cat1ons resulted from the EDG aging
research. The recommended approach to-aging mitigation is reported in NUREG/
CR-5057 (Hoopingarner and Zaloudek 1989).

Case 2 - Aging Assessment of Snubbers

Snubbers are components that involve two prom1nent des1gns (hydrau11c and
mechanical) and a wide range of sizes, 'and applications. A large number
(>1,000) are used in many plants, and they are exposed to a wide range of
environments. Laboratory studies were feasible but it would be costly to
address statistically-significant tests of various snubber sizes and designs
under simulated plant conditions. Snubbers occasionally become contaminated
with radjoactive material during service;, thereby. 1ncreas1ng ‘examination costs
and requiring difficult 1aboratory procedures and 'disposal. Therefore, the
Phase-11 comprehensive snubber aging assessment was pursued using an in-plant
snubber aging study (Figure D.2).- -The jin- p]ant approach involved plant visits
to cooperating utilities by snubber-experts. -The'utilities provided access to
data from a relatively large number and variety of snubbers. Experts fami-
liar with. snubber designs, operat1ng .conditions, and fa11ure characteristics
participated in acqu1s1t1on and 1nterpretat1on of " the data

Case 3 - Aq1nq Assessment of MaJor LWR Comoonents and Structures

The major LWR components and structures are des1gned and fabricated by
several vendors and-architect: eng1neers . They include twenty-two components
and structures: PHR and BWR" pr1mary pressure boundary-components, primary
containments, feedwater lines, ‘emergency diesel generators, and cables and
connectors. The in-depth laboratory study of aging of these components is not
feasible because of the large amount of funding and time required; however, a
significant number of Tlaboratory and in-field studies have been performed for
these components and structures. The major element of the strategy adopted by
INEL is to integrate, eva]uate, and update the aging-related information from
the comp]eted and ongoing NRC, EPRI,- and industry research programs and from
several aging related databases The other elements of the strategy include
direct contribution from twenty-five experts having state-of-the-art aging-
related knowledge of a particular,component or structure and include peer-
review of technical reports by the experts at the USNRC, national’ .
1aborator1es, and 1ndustry The experts and INEL staff have worked together
with experience in assessing age-related degradation of nuclear .SSCs, have.
worked with the INEL.staff:to 1dent1fy ‘degradation sites and. mechanisms, .
stressors, relevant field. failures,.and potential. failure,modes and to evalu-
ate the current inspection, surveillance, and mon1tor1ng methods for each
major component and structure. ‘These resu]ts are presented in NUREG/CR-4731,.
Volumes 1 and 2. Figures 6.5 --6.15 are concise_summaries of the systemat1c
and in-depth aging assessments that have been conducted. A similar strategy
is followed to develop life.assessment- procedures for.major components and
structures and to evaluate’ emerg1ngr1nspect1on,‘mon1tor1ng, and- mater1a1
testing techniques to character1ze ag1ng damage .

v
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FIGURE D.2. Application of NPAR Strategy to Understand
and Manage Aging of Snubbers

Case 4 - In-Plant Evaluation of Inspection, Surveillance and Monitoring
Methods

In-plant evaluation of inspection, surveillance, and monitoring methods
(IS&MM) practiced at a representative pressurized water-reactor power plant
was performed. The evaluation covered standard and advanced techniques in use
and assessed the applicability of each technique for detecting and monitoring
age-related degradation in reactor protection and 1E power system components.
A comparison was made between current and advanced IS&MM to determine if the
use of advanced methods is practical in the field and, if so, whether they
provide information for trending aging that is not provided by current
methods. The advanced IS&MM techniques included a state-of-the-art infrared

“thermography data acquisition and analysis system, the Redundant Instrument
Monitoring System (RIMS™), and the Electronic Characterization and Diagnostic
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(ECAD™) System. The evaluations determined that the advanced IS&MM investi-
gated do provide information and methodologies for trending that is not cur-
rently provided by routine surveillance procedures.

D.3 APPROACH III - IN SITU EVALUATIONS

Pacific Northwest Laboratory has performed several in situ evaluations of
operating power reactor service water systems. These evaluations were done
using a modeling approach to determine root causes. This approach was devel-
oped during the RES program to assess the effects of operating and maintenance
methods and procedures and to'assess the measurement techniques used to deter-
mine the thermal hydraulic capabilities of an active service water system.

The need for these evaluations developed from 1) functional failure events in
critical service water components, and 2) utility efforts to comply with
generic letter 89-13, Service Water System Problems Affecting Safety-Related
Equipment, July 18, 1989, which requires thermal performance verification of
safety-related service water system components. Reports were prepared and
delivered to Nuclear Regulatory Research which presented an evaluation of the
safety significance of operational aging on service water system thermal
hydraulics. These in situ case studies affirmed both the methodology and the
practical application of the NPAR approach to research on component
degradation.

In situ assessments also were conducted on electrical circuits and

selected components (e.g., cast stainless steel) at the Shippingport reactor
(see Appendix E, Allen & Johnson 1990).
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