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Abstract

A great deal of nuclear power plant operating
experience has been documented In the form of
national data bases. Individual plant maintenance
records, design and manufacturing data, equipment
qualification docusents, and other published reports
provide an enormous amount of Information that can
characterize a component. This can be of great impor-
tance in examining and understanding the effects of
aging on plant performance and safety. To obtain
meaningful results, however, the strengths and weak-
nesses of these data sources oust be recognized and
accounted for.

This paper discusses the various data bases cur-
rently available. The type of information provided
in each is explained, as well as the advantages and
limitations of each data source. Their application
so aging analyses are discussed. The need for a
review process of a data source to utilize informa-
tion for aging analyses is alsc included. Valida-
tion of the data using plant specific data is also
discussed.

Aging characteristics of components, systems or
structures in nuclear power plants are discussed.
Examples are presented to demonstrate the feasibility
of obtaining this information from the various data
sources available. Results from the aging studies
performed at Brookhaven National Laboratory under the
Nuclear Plant Aging Research (NPAR) are used for
illustrations.

Introduction

Aging is a degradation process (or mechanism)
which exists at every level in a plant's hierarchy.
If unchecked, it can limit the life of a component,
system, or structure, and increase the risk to
plant safety. Therefore, understanding aging pheno-
mena is important for the safe operation of a nuclear
plant.

Degradation mechanisms attributed to aging occur
in materials subjected to certain stress conditions
over a period of time. These processes are well
understood when one type of material is exposed to
one kind of stress condition. However, with the com-
plexities of composite materials, or a component made
of many different materials (which is the actual case
for most component designs), and the synergistic
effects of several stress conditions, these processes
are difficult to understand. Extensive laboratory

testing and material analyses are necessary to
characterize these complex phenomena. Also, since
aging is a time-dependent process, considerable time
would be necessary to completely understand the true
characteristics in a plant environment and operating
conditions. Since this approach is not feasible, an
alternate approach is to analyze the existing 15-20
years of plant experience to understand the trends
and update it as tile data become available. Although
extrapolation of these trends for future years may
not provide the actual performance, an intelligent
analysis of the first few years of history could
indicate the direction the plant might go without
taking any additional corrective actions.

Under the auspices of the Nuclear Regulatory
Commission (NRC), Brookhaven National Laboratory
(BNL) has been conducting aging research of compo-
nents and systems. This..work .is performed' under" the
Nuclear Plant Aging Research (NPAR) program and is a
multiphase approach to understand aging behavior and
recommend ways of mitigating the effects. BNL has
completed studies on electric motors, battery
chargers and inverters, and reactor coolant pump
seals. The phase 1 studies on circuit breakers and
relays, and motor control centers (HCCs) are also
completed. System studies include the phase 1 study
of component cooling water (CCH) systems in PWR, and
on-going programs on residual heat removal (RHR) sys-
tems in BWR and instrument air system. In addition,
several other special studies are in place to charac-
terize the aging of components and how to use them in
NRC inspection audits. BNL has successfully utilized
the available data sources to perform this research
and this paper is intended to present the strengths
and weaknesses of these data bases and how to account
for them in aging analyses.

Data Sources

Four different kinds of data sources are utilized
to understand aging effects in components and sys-
tems; 1) design and manufacturing data for determin-
ing the materials used, 2) plant design data for
environmental and operating parameters, 3) plant
maintenance and surveillance activities, and 4) plant
operating experience data to develop the aging
trends.

To utilize effectively the last data source, one
has to understand elements from the first three data
sources, since this data provide the actual operating
experience trends of components in nuclear power

plants. The NPAR program plan2 has cited the follow-
ing data bases for obtaining the operating data:

• Licensee Event Reports (LERs)
In-Plant Reliability Data Systems (IPRDS)

• Nuclear Power Experience (NPE)
Nuclear Plant Reliability Data Systems
(NPRDS)

Other researchers3' **'5 have been using different
data sources such as plant specific data, incident
investigation reports (IIRs), NRC information notices
and bulletins, plant maintenance records,and industry
based research reports from both domestic and foreign
utilities. All of these provide information perti-
nent to understanding the aging characteristics of
components.

The approach adopted at BNL for the NPAR program
(Figure 1) utilizes all the data sources mentioned
above. To understand the aging degradation in any
component or system, the three key elements one has
to determine are 1) the age-sensitive materials pre-
sent, 2) the type of conditions these materials are
subjected to, and 3) if there exist any catalytic
factors which can accelerate or decelerate the degra-
dation process.
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Figure 1 Elements for Understanding Aging

The material daca are typically available from
the manufacturers or qualification documents for com-
ponents. Final Safety Analysis Reports (FSARs) are
used to obtain the system design and the components
included in the system. The stress conditions are
determined from the plant design parameters, typical-
ly from FSARs or equipment qualification (EQ) docu-
ments. Both environmental and operational parameters
are reviewed for normal, abnormal and accident condi-
tions of the plant operation. In general, these two
elements are the basis for age-degradation of compo-
nents and systems, and have very little room for
enhancement without going through major design modi-
fications of the plant.

The last element, which acts as a catalytic
agent in increasing or decreasing the aging process,
includes the actual maintenance and surveillance pro-
grams already in effect in the plant an.i other statu-
tory or administrative commitments. This is the only
element one can alter relatively easily with the age
of the plant, if the component functional indicators
or the system performance indicators indicate any
sudden departure from normal trends. By tuning this
and monitoring the results via trending, one can
mitigate the aging effects.

Once these three elements are properly
understood, the plant operating experience data
available in various national data bases, mentioned
earlier, are used to determine the following:

* Is aging a factor?

* Components or subcomponents that fail more
frequently due to aging.

* Materials responsible for degradation.

* Failure modes, causes, and mechanisms.

* Effect on plant safety and operation.

* Are the catalytic factors effective?

* Aging trends of components, subcomponents
or systems.

* How to improve and mitigate aging effects.



The data bases have evolved with time, changing
in response Co user needs. Comparison may be compli-
cated by Che diversity anong che sources; therefore,
an incegracion of appropriate data from each source
provides Che best re9ulcs, specifically the operating
experience data. The design data involving age-sen-
sitive materials and stressors and the plarx mainte-
nance information are leas diverse. The manufacture
of a typical component usually includes the same
types of materials, and plant designs provide similar
stres&ors. The maintenance of a component is typi-
cally not very different from plant to plant.

The operating experience daca bases provide a
broad base to assess trends for che overall popula-
tion. Frequently the LERs or NPRDS reports from a
single plant provide coo small a sample co reach any
significant conclusions, making che use of aggregace
experience desirable. Among the four da,ta bases men-
tioned earlier, LER and NPRDS are the two most fre-
quently used for aging analyses. The NPE data base
is similar to thac of LER, while che IPRDS data base
is very limited and incomplete.

Figure 2 shows an example of che differences in
failures reported Co Che LER and NPRDS daca bases for
Che MCC. This is parcly because of che face chat
LF.Rs relate to safety systems alone and paircly due co
the changes in LER reporting requirements in 1984
which limited the scope of reportable events. From
this example ic is evident that not all failures are
reported Co all data bases. This is one data base
limitation that must be accounted for when analyzing
the number of failures. One mechod of accouncing for
unreporced failures is Co compare actual plant
records from one or more plants to the daca base in
question. From this comparison, the percentage of
failures reported to the data base can be determined
and used as a correccion faccor.
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Ficure 2 MCC Evencs Reporced in LERs and NPRDS

Another limitation of the data bases is the in-
consistencies between daca bases, and also between
different reporters to the same daca base, in inter-
pretation of codes, definitions of terms, and general
understanding of che evencs leading to failure.
Experience with the various data bases has shown thac
reports can sometimes include an incorrect identifi-
cation of che failed component or descripcion of

evencs leading Co the failure. This can be attribut-
ed to several reasons including, a lack of standard-
ized definitions, terminology and reportability for
che daca bases, as well as differences in experience
and knowledge between personnel filing the reports.
The aechod used by BNL to mitigate the. effects of
these inconsistencies is to have all data undergo a
review process. The review is performed by a team of
engineers using consiscenc definicions and terms.
Although labor intensive, the review process allows
more meaningful and accurace results to be obtained
from the data.

Definition of Aging

In general, according Co IEEE Std-100, aging
(mechanism) is defined as any process attributable to
service conditions which results in degradation of an
equipment's ability to perform its functions. To
understand this aging one needs to know the
age-sensitive materials associated with the design of
the component and the types of scress condicions
these maCerials are subjected Co. All daca bases so
far studied use this definition in categorizing the
failure as "age-related". The nuclear induscry also
recognizes this aging definition in characterizing
the process.

The NPAR program definition of aging, however,
covers a broad view of the degradation process. In
addlcion Co recognizing che above definition of
aging, ic also includes the catalytic factors illus-
trated in Figure 1 as contributing factors for aging
degradation. Under NFAR the term "aging" represents
the cummulative changes with passage of time chac may
occur within a component, system or structure. This
degradation takes place because of the following
factors:

• natural internal chemical or physical pro-
cesses during operation,

• external sCressors caused by the storage or
operating environment,

• service wear,

• excessive cesclng, and

• improper installation, application or main-
tenance.

In order Co properly cacegorize and analyze the
aging of a component or system, one has to consider
the external factors which could contribute co the
process by accelerating or deceleracing Che degrada-
tion. This requires a thorough review of all daca
available in any operating, experience data base and
sorting into appropriate categories.

Examining the information in any of the data
bases, it is sometimes very difficult to obtain mean-
ingful results using the above definition of aging.
The aging fractions of component or system failures
are always higher when the NPAR definition is used.
This is obvious from the fact Chat many age-relaced
failures can be attributed to Improper maintenance,
lack of proper procedures, tech spec violations, and
other human factor problems.

Aging Assessment

To perform aging assessments, design data are
obtained fnm sources such as vendor reports, tours
to a manufacturing plant or nuclear power plant.



FSARs, equipment qualification documents, and other
pertinent published information, The9e provide the
materials suscepdble to aging and the stressors
under normal, abnormal, and accident conditions. An
assessment of the sensitivity to deterioration with
age is conducted based on this Information. Table 1
shows an example of such an analysis applicable to

MCCs . Plant maintenance manuals and interviews with
plant or manufacturing personnel provide information
on the expected rate at which various subcomponents
or components degrade with age under various operat-
ing and environmental conditions.

Table 1 Typical Materials of Construction for
MCC Subcomponents

Subcomponent

Molded Case
Circuit

Breakers

Relays
Starter/
Contactor

Transformer
Coils

Terminal
Block
Overloads

Cabinet

Typical.
Materials

Phenolic

Vulcanized
Fiber

Neoprene
Lubricants
Adhesives
Steel
Silver Alloy
Plating

Copper
Silicone
Polyester
Phenolic
Varnish
Fiberglass
Polyester Film
Polyamide-inide

Insul.
Copper Wire
Teflon

Phenolic
Phenolic
Silver

Plating
Copper
Lubricants
Vulcanized

Fiber
Steel

Sensitivity
Degradation
With Age

Low

Low

Medium
High
High
Low
Low

Low
Medium
Medium
Low
Medium
Low
High
High

Low
Low*

Low
Low
Low

Low
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Low

Low
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Figure 3 - CCW Component Failures - LERs
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Figure 4 - CCW System Failure Modes - LERs Data

* Radiation environments could increase sensitivity

to medium.

Once this knowledge is acquired, the actual

operating experience data is analyzed to understand

the aging phenomena. Different sorts are conducted

to identify the components that most often fail.

Figure 3 illustrates one sort for components In the

component cooling water systems in PWR plants .

Valves, pumps and heat exchangers dominate the system

failures, which is typical for a continuously operat-

ing system with mechanical components. As evident

fr^m Figure 4, loss of function, tech spec violation,

and leakage are the predominant modes of failure.

Figure 5 shows wear, calibration, drift, and contami-

nation are the dominant aging mechanisms contributing

to these failures. Based on these sores, all failure

modes, causes, and mechanisms are assimilated for

further analysis.
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OTHER a *
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Figure 5 - CCW System Failure Mechanisms - NPRDS Data



The data bases also provide Information on the
effects of these failures on the component or system
reliability. These include other systems affected as
a result of a component or system failure. Some
failures may lead to a reactor trip which has the
potential for impacting safety because of the addi-
tional equipment and operator actions generally
needed to bring the plant to a safe and controlled
condition. An analysis of LER data for battery
chargers and inverters for the period of 1984- 1986
revealed that ibZ of the reactor trips had post-scram
recovery complicated by equipment failure or person-
nel errors unrelated to Che cause of the trip . The
increase In the number of reactor trips due solely to
inverter failures was applied to a core malt
frequency calculation for several plants indicating
an increase in core melt risk frequency at most of
the plants selected. Also, the data indicated that
the causes of reactor trips are often linked to
feedwater and turbine-generacor control systems.
Thus, analysis of the operating experience helps
understand the important factors contributing to
component failures.

An additional application of the data bases Is
development of aging failure frequency or failure
rate curves with age of the component. This Is diff-
icult to achieve since the history of each failure is
not known. Assuming that pumps in all plants are
subjected to similar operating and environmental con-
ditions, and all repairs and maintenance performed in
any pump is Intended c, bring it to a "good-as-old"
condition, one can develop aging curves, as shown in
Figure 6 for the CCW pumps. Additional analysis on
uncertainty bounds and other factors can be mathema-
tically developed for further use of this in PRA or
reliability calculations. A system level unavail-
ability curve can then be developed once the failure
rates on various components within a system are
known. This is demonstrated in Figure 7 for the CCVJ
system. The prediction beyond 20 years is based on
the extrapolation of each individual data assuming
that no additional action will be taken to check the
component failure rate due to aging.
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Figure 6 BNL Model For Pump Failure Rate
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Figure 7 CCW System Unavailability Vs. Time

Conclusions

The national data bases have several virtues
that make them suitable as sources of failure infor-
mation. They contain a large amount of data repre-
senting a broad cross-section of nuclear power
plants. The data is accessible, although sometimes
difficult to obtain. Much of the data Includes suf-
ficient information to identify basic failure charac-
teristics, such as the component failed and the
reason for failure. With proper review and evalua-
tion, the data can also be used to identify prevail-
ing trends.

Although a great deal of useful information is
available from the data bases, there are limitations
and weaknesses to it which must be recognized. In
general, the data bases do not contain a complete
record of all failures. This is partly due to the
nature of the data bases and the failures required to
be reported. The result is that failure frequencies
determined directly from the data base information
will probably be lower than actual. However, it must
be noted that a large cross-section of plants is
represented in the data bases. Using the data for
analyzing failure characteristics, such as causes,
modes and mechanisms, should not be severely affected
by this deficiency. Using the data bases for evalu-
ating aging effects is, therefore, a valid use of the
data.

An additional concern with the data base infor-
mation is the inconsistency of 1) the interpretation
of codes used to report events, and 2) the under-
standing of the events associated with the failure.
However, its effect on analysis results can be miti-
gated by 1) performing a thorough review of the data,
and 2) validating the results by comparison with
actual plant data. By performing an independent
review using consistent definitions and interpreta-
tions, the data base information can provide meaning-
ful results. The results should then be compared
with findings from actual plant data to ensure that
erroneous trends or failure characteristics are not
identified by the data base. Uncertainties in data
base results can be addressed by formal uncertainty
analyses or by sensitivity studies.



Once 1c is established chac aging has been
affecting component reliability, system availability
or plant safety, corrective measures at the design,
operating, and maintenance level are considered tor
mitigating aging effects. Since altering design or
operational procedures are difficult to implement
unless it is absolutely necessary, In most cases, the
maintenance, surveillance or other catalytic factors,
shown in Figure 1 are enhanced. Thus, the data bases
not only help understand the aging effects, but also
are valuable for identifying the type and level of
effort necessary for improving plant performance.

In conclusion, the data bases serve a very
important role in understanding aging in nuclear
power plants. Standardization of the data entry pro-
cess would eliminate some of the cumbersome review
process currently required. la addition, making the
data more accessible would enhance its usefulness as
an analytical tool.
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