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ARSTE CT

;i "8, EPRI, and the Department of Erergy have fmplemented &;ing research
prograns to eddress tha technical issues related to potentizl degredation of
the cepebility of compenents and structures to perform tncir intended
functions after being placed in scrvice. Aging, the net degradation in
physical condition due to normal ard abnormal environment and service, wes
expiicitly or implicitly addressed in the design of 211 componants, systems,
arnd structures in U.S. nczlear power plants. Althoush aging has not
compronised ti.. safe operation of U.S, nuclear powe: piants throughout their
accumulated operation of over 1000 plant-years, the quest for improved
availability and for safe plant operation during and beyond the current
1icense period of 40 ycars has led to en increase in nuclear plant aging
research over the past several yeers. This paper presents the aging research
ﬂrogrm sponsored by the U.S. Nuclear Regulatory Commission (NRC) and by the

.S, utility industry through its resecarch arm, the Electric Power Research
Institute (EPRI). The research focuses on 1) increased understanding of a3in
pachanisms ir 8 broad range of components, systems, and structures, and zg
more cost-effective ways of enhancing the managemont of aging via improved
neeventive and corrective maintenance (1.e., aging mitigation, i{nspection,
surveillance, condition monitoring and refurbishment/ replacement). The key
sging-related technical {ssues are identified in the paper. Results of the
research will be used by the NRC mainly to provide for timely and technically
sound regu1atory docisions regarding continued safe operation of nuclear
plants of a1l stages of 1ife. Utilities will use the results mainly to
improve plant reliabilily 1n the short term and to realize the potential
economic benefits of operating plants beyond their current 1icensed terms.
The paper cencludes that 1) continuing research is important for improving
understanding of aging degradation and examining better ways to manage it and
2} consensus definitions of terms rclated to aging will facilitate resolution
of aging dissues and will improve tno reporting and evaluation of plant
experience. .

s NTRODUCTION

1t 1s recognized that tne effects of operating environments and service wear
can degrade the condition of components, systems, and structures in a1l indus-
trial facilities, including nuclear power piants. In nuclear power plants
such degradation is typically addressed either implicitly or explicitly during
the design phase by cssign1ng & design or expected life to components,
systems, and structures. his 11fe generally has a large margin of safety.
Short-1ived components are replaced periodically, whereas other components and
most engineered structures hava expected lives in excess of the typical
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license term of 40 years. Inspection, surveillance and refurbishment of
_ cornonznts, systeus, and structures have the purpose of ensuring that acing
' effects do not become significant before replacement or before the plant
- reaches the end of 1ts 1licensed term.

In the decedes since nuclear plants were first built, the understanding of
aging has advenced cue to fecdback fram operating experience and research, and
has contributed to the reliable and safe operation of plants to date. Never-
theless, twa independent actions in the nuclear pover industry motivate
additional research into aging and its management. The goals of one action
are improved aging managenment and availability; the gou) of the other is
assuring public health and safety during the current license period of 40
yoers end for license rencwal for safe operation beyond current 11cansed
terns. Aging management and tmoroved &vailability require that predictive
meintcnance iinspection. surveillance, and condition monitoring), preventive
paintenance (restoration pefore fallure) and corrcctive maintenance (repeir
and replacemcnt) are adequate for detcct1n? aging and kecping 1ts effects
within acceptable 1imits, in the most efficient wmanner possibie. The
technical safety fssucs related to license renewdl irclude residua) life
assossment of safety-related and rist-significant components, systens, and
structures not normally replaced during the init{al licensed terr, In som:
cases, the currently eassignad 14fe of safety-related and risk significant
corponents normally replaced during the initial licensed term will need to be
recxamined, Such reexamination should dnclude maintenance &nd quality
practices and would occur even {f 1icense renewal was not sought.

for the past fifteen years, reguletory and industry research progrars have
addressed 2ging technology principally in areas such as pressure boundery
integrity (fatigue, stress corrosion cracking and radiation embrittiement) and
equipnent qualification (testing for funct onal capability periodically and
type testing of artificially eaged components). Recently the NRC has
recognized the need for improved understanding of aging tc ensure that
adequcte safety margins are aaintained as operating reactors advance in age.
The industry has recognized the penefits of managing aging and establishing
and maintaining a viable option for license renewal. In response to these
recognized needs, the United States Nuclear Regulatory Cormission (NIC)
launched the Xuclear Plant Aging Research (NPAR) pro?ram in 1983 and the
utility-sponsored Electric Power Research Institute (EPRI) in cooperation with
the United States Department of Energy (DOE) launched its Nuclear Plant Life
Extension program in 1984, Other organizations such as reactor suppliers,
architect/engineers, and some utilities have also underteken research 1in
related areas.

In this paper we discuss the nature of aging degradation and {dentify key
{ssues relating to aging, This is followed by an overviev of aging-related
research programs being sponsored by the NRC, EPRI, DOE and other U.S.
organizations.

DEFINITION OF AGING

Despite decads: of plant erperience and aging researci, there is stil1l not &
consensus on the definition of *aging" and related terms such as aging
"mechanisms,” *modes,* "stressors,® etc. It is important that such terms have
a common meaning to all involved in plant operation (for reporting, evaluating
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and fixing failures) and 1in aging research (for focusing resources on the
fmportant aging phenomcna associcted with the most importent compongnts, SysS~-
tems end structures). In the following paragraphs we propose cdefinitions that
are essentially consistent with definftions used in the NPAR program (Ref. 1)
and with uti1ity perspectives of nuclear plant aging (Ref. 2).

Ne propose the following definitions related to aging in nuclear power plants:

s Aging 1s the net degradation in the physica) condition of &
component, system, or structure due to environmuont  &nd
service, Aging can degrade the capability of a component,
system or structure to perform {ts intended function after
being placed in service.

¢« The enviromments and service conditions that produce aoing
degradation are called aging stressors (e.g., heat, radiation,
heaidity, reactive chemicals, cperational cycling, electrical/
mechanical loads, vibration, testing).

. Aging degradation is the change in physical properties (such as
crack growth, dimensions, ductility, fatigue capacity eand
mechanical or dielectric strength).

. Aging mechanisms are physical or chemic1l processes (such as
woar, erosion, creep, corrosion, and ox! «*ion) that result in
aging degradation.

Expected aging degradetion in groger1*' des1gaﬁg. fabricated, applied, and
maintained components, systems or structurcs aoes not ceuse failure wiihin

their specified design lives and an acceptable margin of safety on operation
{s maintained, Aging related failures within the design 1ife are caused only
by unanticipated aging which is defined below. Such failures can be generally
accormodated because of the defense-in-depth philosophy of U.S. nuclear plant
designs, including redundent safety systems that cannot be defeated by single
random failures. Nevertheless, a safe, sound and econcmicel approach to plant
operation mist minimize failures. Soxe failures can diminish the plant's
nargin of safety, all failures add to operation, maintenance and safety
analysis costs and some failures may lead to plant ynavailability,

Aging includes all degradation produced during operatfon or testing. This
includes expected transients (upset plant condition) producing small,
temporary increases in environmental conditions. Excluded from aging, for
example, 1§ the degradation produced by sudden and short-term environmertal
and service extremes such as loss of coolant accidents (emergency or faulted
plant condition). However, that is not to say that such sudden or short-term
extremes are unimportant. Although they are not characterized as aging. they
do act upon aged components, systems and structures and might cause failures.

A distinction is made between normal and abnorma) stressors.
e Normal stressors a&re the actual environments and service conditions
(including upset conditions) experienced by 8 component that has been

properly designed (for postulated environment end service conditions),
fabricated, installed, operated, tested and maintained.
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e  Abnormal stressors are environments and service conditions due to design
errors, fabricatfon defects or {mproper installation, operation, or
maintenance (including excessive testing).

As mentionsd above, failures within the design 1ife are caused only by
nanticipated aging d :gg;gi%n which includes both unanticipated normal aging
not addresscd in design or addressed incorrectly) and abriornia) aging produced

by abnormal stressors (Arrors, defects, etc.) It should be noted that ongeing

industry programs and re ulatory efforts are focussed on minimizing failures
of safety rclated and risk significant components whether due to normal or
abnormal aging (including effects of construction, design and maintenance

errors).

Other terms for which a consensus definition would improve understanding and
comwnication among plant oeerators and researchars iaclude *failyre mech-
anism,* *failure mode,” and failure cause* (or "root cause®). The difficult
process of accurately establishing the root causes of component failures in
operating plants warrants special efforts for {mprovement in future evalua-
tions and reporting. Uniform application of a failure categorization scheme
such as proposed in Ref, 3 would be beneficial.

For U.S. commercial nuclear power plants, the original understanding of aging
" coupled with yti1ity measures to manzge aging via good operation and
a maintenance practices was intended to support an original 11censed term of
i forty years. The understanding of aging increased over the years «.th feed-
back from accumulated plent maintenance an failure experience, and fron aging
research. A large portion of operational failures was caused by abnorma
stressors resulting from errors. These failures can best be prevented by
increased vigilance, responsiveness to prior operational experience, account-
ability, communication and improved quality and maintenance programs. Lessons
learned from failures caused by normal aging mecharisms not addressed or
addressed inadequately in design {mproved understanding of aging and led to
reduced replacement intervals or redesigned components. In some cases, the
failures also indicated the need for enhanced preventive maintenance, which
would be able to detect both mormal and abnorma) aging degradation.

{n summary, keys to understanding and managing aging ere research and utility
responsiveness to the feedback from experience in the areas of ¢ nent
failure, operation, preventive maintenance, and quality assurance. U.S. NRC
and industry research programs are described in this paper.

KEY AGING-RELATED 1SSUES

The perspectives on aging discussed above comdbine with the nuclear power
{ndustry's quest for safety and improved aveilability, and with 1ts desire to
maximize the benefits from ¢x1st1n? generat1ng capacity, to establish the fol-
lowing key aging related issues whic need to be addressed.
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Components, Systems, and Structures

e What components, systems, and structures are risk significant and suscep-
tible to signiffcant age-related degradation?

e Which of these are maintained and/or replaced?

¢ What components, systems, and structures are expensive to replace?

« Khich should be selected for comprehensive aging assessment and residual
11:fe evaluation?

yndere*+anding Aging

e b it normel degradation mechanisms could couse premature failure during
the expocted life? (Note that such mechanisms were either not addressed

o1 inadequately addressed in design and application.)
Manaaing Agin

e Are current programs for inspection, surveillance and condition monitoring
adequate for timely identification/detection of significant aging
degradation, vhether normal or abnormal?

e Khat technically sound, practicai, and cost-effective methods can be
{mplemented to enhance the management of aging?

e Are measures in place for minimizing abnormal aging?

» Are current programs for maintenance, repair or replacement effective for
mitigating aging?

e Can aging degradation be cost-effectively reduced by operational or
environmental controls?

Life Assescment

e What are appropriate criteria for the evaluation of the residual 1ife of
components, systems and structures?

s What supporting evidence (data, analysis, inspection, etc.) 1s needed?

e How long can the original expected 1ife be extended when evidence shows
that operational stressors were less than assumed in the design or that
net degradation results in a large margin against failure?

e Have there been any unanticipated stressors or aging mechanisms that can
1imit the original expected life?

Codes and Standards

o What changes in current codes and standards are needed to address impor-
tent aging effects not adequately covered.

QA y 415-5
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NRC AGIN3 RESEARCH PROGRAM

The NRC Wuclear Plant Aging Research (NPAR) program fs directed toward
faproving knowledge and understanding of degradation processes within nuclear
power plants (Ref, 1), This hardware-oriented enginsering program is @
rigorous and systematic investigatfon into the potentially adverse effects of
ag ng on plant components, systens, and structures during the period of rormal
licensed plant operation, as well as the period of extended overation that may
be requested in utility applications for license renewals.

Program emphasis has been placed on 1) 1dentifying and characterizing the
mechenisms of material and conponent degradation during service and 2)
utilizing research results in the regulatory process. The research includes
evaluating methods of inspection, surveillance, condition monitoring, and
paintenance as & means of managing aging effects that may impact safe plant
operation, Specifically, the goals of the progran are:

e Identify and characterize aging effects that, if unchecked, could cause
unacceptable degradation of components, systems and structures and thereby
impair plant safety.

o ldentify methods of inspection, surveillance, monitoring, and evaluating
residual life of components, systems, and structures thet will ensure
timely detection of significant aging effects before loss of safety func-

tion.

e Evaluate the effectiveness of maintenance, storage, repair and replacement
practices in mitigating the rate and extent of aging degradation.

The NPAR program is based on & phased approach to research. The objectives of
the Phase 1 studies are: 1) to identify and chareacterize aging and wear
effects; 2) to idantify failure modes and causes attributable to aging; and 3)
to idertify measurable performance parameters, including functional indice-
tors. The functional 4ndicators have a potential use in assessing the
reliability and operational readiness of a component, syctem or structure, in
estiblishing degradation trends, and in detecting incipient failures. The
objcctives of the Phase TI studies ere: 1) perform indepth engineering studies
and aging assessments based on {n situ measurements; 2) perform post-service
examinatfons and tests of naturally aged/degraded components; 3) {dentify
improved methods for inspection, surveillance, and monitoring, or for
evaluating residual 1ife; and 4d) make recommendations for utilizing research
results in the regulatory process.

The NPAR program consists of the following major research elements:

« Risk Stgnificance of Aging. Aging models and risk assessment method-
ologies regquire development to provide quantitative determination of the
effect that aging has on safety. The major activities within this
research element are: (1) aging model development, including the treatment
of active components, passive structures, and the influence and effects of
testing and maintenance; (11) failure data analysis, (111) engineering
information analysis, (iv) uncertainty analysis, (v) application and dem-
onstratton of the risk assessment methodology, and (vi) the development of
procedures and guidelines for treatment of aging in probabiiistic risk
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assessmants (PRAS).

e Aging-Systers Interaction. A study of system interaction {s essential to
determine how aging s affecting component and system unavailability end
to establish the relative contribution to risk frou aging-related compon-
ent and system failures. This elemant of the aging research program will
facilitate the prioritization of plant safety systens and compunents for
indepth en?ineering studies and then generate guidelines and recommenda-
tions for inspection and maintenance to alleviate aging concerns.

+ Integrity of Primary System Components.,  This element of the aging
research 1s focused on aging issues for the materials ard components of
LUR primary systems. The goal 1s to provide the confirmatory technical
basis for regulatory decisions on the safe operation of reactor vessels,
primary system piping, steam genzrators, and improvemants in the tech-
niqucs and equipment required for nondestructive in-service inspection of
these componentis.

e Electrical and Mcchanical Components. Some 30 categories of components
(e.g., purps, motors, valves, cables) are the subjects of current and
planned research being studied by five national laboratories, and severa)
private institutions and organizations.

« Shippingport Aging Evaluation. The Shippingport Atomic Power Station, now
in the latter stages of decomissioning, has been a major source of
naturally-aged materials and equipment for Muclear Plant Aging Research
(NPAR) and other KRC programs. More than 140 Shippingport Station items,
ranging in size from small instruments and materials samples to one of the
main coolant pumps, have been removed and shipped to designated NRC con-
tractors. Data and records relevant to the procurement, operation and
maintenance of these materials and components have been obtained to
support the detailed aging evaluations. In-situ assessments of Ship-
pingport Station components also have been conducted, including the pre-
removal visual and physical examination of components, the testing of
electrical circuits, and special measurements to assist in the selection
of specific components for further evaluation. Although the detailed
evaluation and testing of the naturally-aged materials and components
obtained from Shippingport Statfon are just beginning, there are a nunber
of preliminary studies and results that are indicative of the value of the
aging information that ultimately will be obtained (Ref. 4).

Utilization of NRC Research Results

The NRC aging research program will result in better understanding of aging
processes and improved confidence in methods for detecting and mitigating
aging degradation. These will provide a basis for timely and sound regu?a:ory
decisions regarding continued operation of nuclear plants of all ages. Detec-
tion and timely mitigation of aging degradation at an early stage, before
functional capability can be impaired and before continued safe operation can
be questioned, will avoid unplanned and costly plant shutdowns. In addition,
operating plant maintenance practices will become more effective, Wear from
excessive testing can be minimized through use of more effective surveillance
technigues and equipment reliability will be improved.
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To be useful to the NRC, the NPAR program is structured to integrate existing
age related information and generate relevant aging data which can be used
gffectively in the regulatory process in the following ways:

1. Develop information that can be used in identifying and resolving tech-
nical safety issues related to plant aging and 1icense renewal.

2. Support the NRC programs to resolve generic safety issues which have
elements of aging and time-dependent degradation processes.

3. Support recommendations for surveillance and maintenance mathods needed to
provide assurance against unacceptable aging-related degradation and to
support license renewal.

4. Support the development of inspection procedures suitable for aged com-
ponants and equipment, In-service inspection is required for the com-
poncnts and systems in a nuclear power plant that are critical for safe
cperation. The NPAR program is intended to integrate the information
required to fimplement improved techniques and to show what additionzl
inspection requirements, 1f any, may be needed for aged components to
support continued operation.

§. Recommend appropriate revisions of codes and standards. The NPAR program
will generate recommendations to revise codes and standards to assure safe
operation with aged components and systems and to support license renewal.
For specific components and systems, NPAR will evcluate the in-service
{nspection methods to detect and quantify the aging damage.

EPRI AGING RESEARCH

e —————————————

Since its inception in 1973, EPRI has sponsored research on aging as pert of
its nuclear power research program, which has the goal of supporting the ger-
eration of safe, reliable and economical nuclear power. A 1ar2e segnent of
the program has addressed piping and pressure boundary integrity including
such topics as fatigue, therma /radiation embrittlement, stress corrosion
cracking and nondestructive evaluation and life assessment methodolegies.
References § throu?h 9 are examples of this work. Another programiatic area
has dealt principally with improving the means utilities use to manage aging
of active components -- maintenance, trending of performance and reliability,
monitoring and diagnostics, and human factors. Reference 10 is a source book
on the research products in this area, The third area in EPRI's research
program related to aging s equipment qualification. This research began with
an extensive review of equipment aging theory and technology (Ref. 11) which
focused on technigues for simulating thermal, radiation and cyclic aging in
organic subcomponents of electrical equipment. Subsequent projects dealt with
material property aging data (Ref. 12), hiw aging affects the seismic
resistance of small components (Ref. 13), and condition monitoring techniques
(Refs. 14 2nd 15). A Tong-term program is trending material degradation in
component specimens placed in nine operating U.S. plants to compare their
natural a iq? with artificially-induced aging of didentical Tlaboratory
specimens ?ke . 16).

The genera) objectives of EPRI's aging-related research were to improve util-
{ties' understanding of aging and provide them with effective ways to manage
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aging at reasonable cost.

Plant Life Extension Program

The aging-related rescarch summerized above formed the groundwork for EPRI'S
Nuclear Plant Life Extensfon Program finitfated in 1984 1n cooperation with
DOE. Objectives of this program are to establish and maintain the ortion for
nuclear plant license renewal and to provide utilities with the technical
basis for operating plants beyond their current 40-year licensed term. Life
extension will be beneficial to utilities and consumers, being a prudent use
of e sting resources and providing near-term and long-term paybacks from im-
provc plant maintenance and performance. Leadership for this V.S, utility
initiative is baing provided by the Nuclear Management and Resources Council
(NU#ATC) through the NUMARC NUPLEX workin? Group. The objectives of this
working group are to promote a stable, timely li{cense renewal process and
coordinate utility plant life extension efforts.

The initial research activity in the EPRI/DOE program consisted of two pilot
plant projects involving one PWR and one BWR, Additional pilot studies are
addressing varfances in design spacific to PWR reactors from two other Sup-
pliers. The pilot studies used specific reactor designs and plants to examine
the technica) and economic issues related to 1ife extension. They concluded
that none of these 1{ssues presents an {nsurrountable barrier to license

" renewal. The studies also introduce the concept of screening components to

fdentify long-1ived “critical® ones -- those that are either not normally
replaced and subject to significant age-related degradation which could affect
safety, or those so costly to replace that they could deter a utility decision
to apply for license renewal. The screening methodology consists of (1) iden-
tifying critical components mainly by eliminating those normally replaced or
closely inspected, (2) reviewing critical components to determine the impact,
if any, of age-related degradation, and (3) establishing options for
addressing potentially significant aging-related degradation.

Among the critical components evaluated thus far are PWR concrete containments
and PR and BWR reactor pressure vessels and their internals, Technical
evaluations providing the basis for just1fy1n? extended 1ife of these com-
ponents are in preparation. The evaluations will be reviewed and revised with

 the aim of obtaining acceptance by the industry and the NRC.

Complementary research efforts in the nuclear plant 1ife extension program are
also underway in the following areas:

Reactor Pressure Vessel (RPV) Embrittlement. A program performed by NSSS
venﬁors and Electricité de France to resolve thermal and radiation embrittie-
ment 1ssues concerning the useful life of light water reactor RPV'S,

Component Life Estimating. Development of procedures adapted from ASME Code,
Secg1on XI, Appendix A, for demenstrating "fitness for service" by examining
the relationships among deterioriating environments, degraded properties, flaw
propagation/growth and component 11fe.

415-9
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Cable Aaki%. Projects examining natural versus artificial aging of electric
cables . 16) and in-situ, nondestructive techniques for monitoring the

eloctrical and mechanical condition of safety-related cable inside cortain-
ments (Refs. 15 and 17). These effcris are coordinated with complemcntary
cable aging research sgonsored by DOE (Ref. 18) and the NRC (Ref. 19 and
20). The intent of all this research is to confirm by expecrience, testing,
and diagnostics that unacceptable degradation docs not occur during the
original 40-year qualified life of cables or during an extended operational
period.

One of the most important products of the EPRI/DOE 1ife extension program will
be guidelines for activities utilities can initiate now to maximize their
options for license reneval. These activities include (1) enhanced record-
keeping and plant deta such as operational and maintenance histories, (2)
fmproved environmental measurement and control, and (3) improved preventive
maintenance and failure evaluation/trending.

Another important activity of the EPRI/DOE 1ife extension program is to sup-
rt lead plants in the submittal and approval by NRC of first-of-a-kind
icense renewal applications.

utilization of EPRI Research Results

Generally, the results of EPRI aging research have been used by utilities to
maximize the useful 1ife of components, systems, and structures and to reduce,
where possible, the operations end maintenance costs as well. This has been
accomplished by 1dentifying components for which increased expenditures for
inspection, surveillance, monitoring, and maintenance have the greatest pay-
back in terms of increased component performance and reliability.

Another use of research results has been to enhance technology in areas where
operational experience has pointed out unanticipated aging mechanisms such as
keyway cracking in low-pressure turbine disks (Ref. 21g and BWR intergranular
stress corrosion cracking (Ref. 22 and 23). Typical research products are
improved analytical techniques for more accurate 11fe prediction and improved
monitoring or nondestructive examinaticn techniques. The major benefit 1s a
reduction 1n the frequency of forced plant outages.

The results of plant life extension research regarding aging will be used by
utilities mainly for improved component 1ife cycle management and in econom-
fcally meeting future generation needs through extended plant operation, Life
extension programs can pay off in the shorter term by identifying more effi-
cient 1inspection, surveillance, and monitoring as well as by increasing
reliability and availability via early problem detection and avoidance.
Results will also be used to supplement codes and standards in areas where
they tgo not contain adequate provisions for longer-term nuclear plant
operation.

OTHER U.S. AGING RESEARCH

As discussed above, the U.S. DOE aging and plant 11fe extension efforts ere
fully integrated with those of EPRI and the NUMARC NUPLEX Working Group toward
developing the technology and information needed to establish and verify life
extension and license renewal, These efforts are being supplemented with
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other programs conducted by nuclear plant owncrs groups in conjunction with
their NSSS vendors and architect enginecrs. These programs address reactor-
specific vesscls and vessel internzls, material deqradation, coolant system
corponents, recording of transient cycles, environmantal measuremcnts, mon-
itoring techniques and component evaluation methodologies.

Codes and standards groups also have 1ife extension activities under coordina-
tion by the American Socfety of Machanical Engineers (ASMT) through che Board
of Nuclear Codes and Stendards Life Extension Stecring Conmittee. An ASMC
group will recommend or draft modifications to ASME code, Section X1 to
acco date nuclear plant life extension. An Institute of Electricel and
flec. onics Engineers (IFEE) working group 1s assessing the adequacy of IEEE
electrical componant nuclear standards for 1ife extension purposes. Other
organ zations finvolved in 1ife extension activities 1include the American
Concrete Institute and the American Nuclear Standards Institute.

COMCLUSIONS

U.S. nuclear power plants were designed with the best understanding of e3ing
effects available at the time and, so far, have managed aging through programs
tailored to achieve safe, reliable operatfon. Our understanding of aging and
1ts managcaent has improved through operating experience and aging research to
date. Mevertheless, the continuing emphasis on safety and improved
availability in operating plants, and the desire to preserve the option of
nuclear plant operatior beyond forly years motivate additional research
focused on the key aging-related issues identified in this paper. Research
resuits from current programs sponsored by the NRC, EPRI, DOE and other U.S.
organizations will further improve our understanding and managemeni of age
related cegradatfon, in safety significant components, systems, and
structures. Research results can also allow 4informed evaluation and
development of more cost-effective aging management programs by utilities.
Fringe benefits include a reduction in excessive testing, fmproved reliability
and fewer unplanned shutdowns.

Dialog on aging continues among the NRC, its NPAR contractors, and the
industry via workshops, conferences such as this one, and information
exchanges. A1l recognize the benefit of consensus definitions of aging
terminology. This consensus would facilitate 1) mutual understanding of the
real 4ssues as coordinated research continues and 2) accuracy in the
evaluation, reporting and trending of future operational fatlures. The
ongoing dialog is intended to lead to greater utility participation in the
NPAR program, such as providing the opportunity for in-situ assescments and
:ak:ng naturally aged components avaflable for post service examinations and
ests.

Coordinated NRC and U.S. industry aging research programs will contribute
significantly towards ensuring safe, reliable, and economical operation during
and beyond current licensed terms, maintaining U.S. nuclear power production
well into the next century.
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