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ABSTRACT
\

Aging assessments have been performed for
selected nuclear power plane systems under the
NRC's Nuclear Plant Aging Research (NPAR)
program. These assessnents are typically
performed by evaluating industry wide data from
national databases. Th« results provide useful
information on the typical aging characteristics
for the system studied. However, due to the
differences in operation and environmental

i conditions, as well as maintenance practices
between plants, the results of the industry wide
data analyses aay not bs representative of
specific plane conditions. Therefore, it would
be beneficial for utilities to perform their own
plant specific aging assessments.

This paper discusses an approach that can
be used by the utilities to perform an aging
assessment of their plant systems. The
methodology is based on that used to perform the
NPAR system studies at Brookhaven National
Laboratory. The reasons for performing a plant
specific system level aging assessment are
discussed, along with the sources of information
that should be used. In addition, a methodology
for performing the assessment is presented.
Sample charts and tables are Included to
illustrate the expected products. A discussion
is Included on vhac to look for in the available
data, how to Interpret the findings, and how to
implement the results.

INTRODUCTION

In recent years, aging assessments have
become an Important tool for understanding and
managing the effects of time-dependent
degradation in nuclear power plants. The
methodology for performing generic assessments
has been developed and refined under the NRC's
Nuclear Plant Aging Research (NPAR) program.
This same methodology can also be used to perform
plant specific aging assessments. While the NPAR

studies provide important information on aging
characteristics, differences in operating
conditions and maintenance practices between
plants prevent the results of these studies from
being truly representative of each individual
plant. Therefore, plant specific evaluations
could provide additional insights into the proper
management of aging degradation ac a particular
facility.

Before discussing che methodology for
performing an aging assessment, it is important
to understand why there is a need to do such an
assessment. The value and effectiveness of an
aging assessment is based on the premise that
understanding how a component or system ages will
provide insights that aid in 1) understanding the
affects of degradation on performance, and 2)
identifying appropriate mitigation techniques
which can be applied through operating and/or
maintenance practices.

The need for understanding aging and,
hence, for conducting aging assessments are
numerous in the current nuclear arena. Some of
the areas where this type of analysis is needed
are listed below.

Aging Plants: Over 50Z of today's
commercial nuclear plants are more than 20
years old. Research studies have been, and
continue to be performed to assess the
effects of aging degradation on plant
performance and safety.

Maintenance Rule: The NRC has included a
maintenance rule In the Code of Federal
Regulations (10CFR50.55), which requires
compliance by all commercial nuclear plants
by July 1996. This is a performance based
rule which requires demonstration of the
effectiveness of plant maintenance
programs. Since maintenance can only be
effective if it properly controls aging
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degradation, aging assessments are needed
to provide the necessary infornation to
accomplish this. This includes
identification of failure modes and aging
mechanisms, as well as suitable inspection,
surveillance, monitoring, and maintenance
techniques.

License Renewal: As pare of the technical
basis for plant license renewal, the Code
of Federal Regulations (10CFR54) requires
an integrated plant assessment (IPA). One
of the key requiremants of the IPA is to
ensure thac age related degradation unique
to the license renewal period is Identified
and managed.

DOE Facilities: While commercial nuclear
plants have been the focus of aging
assessments by the NRC, similar aging
concerns exist for other types of
facilities, such as 30E nuclear facilities.
Although de facto aging assessments may be
performed routinely, a structured approach
offers potential beneiits in reliability
and availability.

Advanced Reactors: The lessons learned
from aging research on current nuclear
reactors can provide information that will
be useful in the design and operation of
advanced reactors. Examples include the
selection of aging resistant materials; the
identification of suitable Inspection and
monitoring techniques; and optimization of
design configurations or operating
strategies.

The objective of this paper is Co present
an aging assessment methodology that has been
developed under the NRC's NPAR program, but which
has applications in all of the areas mentioned
above. Examples from previous NPAR studies are
Included to illustrate the process.

ASSESSMENT METHODOLOGY

The aging assessments performed under the
NPAR program are typically accomplished in two
phases. In phase I, a basic characterization of
the effects of aging is performed. This includes
the determination of the number of failures
related to aging degradation, along with the
identification of predominant aging mechanisms
and failure modes. The results of the phase I
study will determine If aging degradation is
being properly controlled and, if it is not, a
recommendation for a phase II study will be made.
In the phase II study, the main focus is on
identifying effective methods to detect and
mitigate aging degradation before It results In
component or system unavailability.

The phase I and phase II studies can be
Implemented in a series of five steps. These
steps are modified versions of the actual NPAR
work, and are described as tollowi:

STEP 1: IDENTIFY THE COMPONENT OR SYSTEM TO BE
ASSESSED

This Is an obvious but Important step since
it determines the scope of the study. This
Includes the delineation of boundaries between
the component or system Co be assessed and
Interfacing systems. Ic is particularly
important for system studies since it determines .
what is and is not included In the data analyzed.

STEP 2: REVIEW OPERATIONAL AND ENVIRONMENTAL
STRESSES

The stresses acting on the components
and/or systems determine what aging mechanisms
may be present to cause degradation. Stresses
can be due to normal operation, such as wear of
motor bearings or valve packing, or they can be
due to the environment, such as excessive
humidity or heat. The identification of the
stresses acting on a component requires the
review of the design, operating conditions, and
environment for the particular component. Some
typical stresses, along with the potential aging
mechanisms they can result in are presented in
Table 1.

STEP 3: REVIEW PLANT CORRECTIVE MAINTENANCE
RECORDS

The purpose of this step is to identify
what types of failures are occurring most often,
and whether or not they are related to aging.
Typically, in the NPAR studies, national
databases are used for this part of the analysis
and are validated by actual plant data from one
or two plants. This results in generic findings
which are useful for understanding the aging
process on an industry average basis, but say not
be representative of any one plant. By using
actual plant records the assessment can be
focused on a particular plant, and more plant
specific Information can be obtained.

A good place to start in reviewing
maintenance records is to categorize them into
those chat are related to aging, and those that
are not. To do this, a working definition of
aging is needed. In the NPAR studies the
definition used for aging is any time-dependent
process which, if unchecked, could result in loss
of function or impairment of safety.1 Factors
causing aging include any natural chemical or
physical process resulting from normal operation;
exposure to the external environment; excessive
testing; or improper installation, application,
or maintenance. This is a broad definition which
ensures that all types of aging degradation are
accounted for.

Once the data have been categorized, an
aging fraction can be determined, which is the
ratio of aging related failures to total
failures. An example Is shown in Figure 1, which
presents data from a study of containment cooling
systems.2 As shown, three categories are used;



Table 1 Typical Stresses and Associated Aging Mechanisms

STRESS

Exposure Co flowing fluid

Exposure to Internal fluid pressure

Frictional rubbing due to rotation
or sliding between subcomponents

Exposure to environment; including
excessive humidity or temperature,
dirt, dust, etc.

Exposure to radiation fields

AGING MECHANISM

- Erosion of contact surfaces

- Corrosion of contact surfaces

- Deterioration of gaskets/seals

- Fatigue of structural components

- Deformation of subcomponents

- Wear of subcomponent surfaces

- Galling of subcomponents

- Deterioration of gaskets/seals

- Corrosion of metallic surfaces

- Dry out/cracking of rubber/plastic
subcomponents

- Contamination of lubricants

- Embrlttlement/cracking of
structural materials
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aging, non-aging, and potentially aging. The
aging category Includes failures that are
determined to be caused by aging, as defined
above. The non-aging category includes those
failures which are not aging related; these are
typically human error related failures. The
potentially aging category includes those
failures for which Insufficient information was
available to make a deceLjnination as to whether
or not it was aging related, but for which an
aging cause could not be precluded.

The aging fraction is an indicator of how
well aging degradation is being controlled.
Large aging fractions might indicate that better
detection and mitigation practices are needed at
the plant for that particular component or
system. By reducing the number of aging related
failures, improvements in reliability and/or
availability may be realized. However, it should
also be noted chat it might not be beneficial to
prevent all age relaced failures. In some cases,
it might be more cost effective to operate a
component until it fails, and then repair or
replace it. This depends on several plant
specific factors, including the function of the
component, the safety implications of having the
component fail, and the redundancy available in
the design. Each of these factors must be
evaluated on a component by component basis.
Therefore, there is some acceptable aging
fraction greater than zero for each facility.
This should be determined and compared to the
value calculated from the data to determine if
aging is being properly managed.

/ Once the aging fraction has been
determined, additional aging characteristics can
be identified from the data. These include Che
components most frequently failed, along with
their associated failure modes. This helps to
determine where additional attencion may be
required in terns of improved inspection,
monitoring, or maintenance practices. Table 2
presents some of the typical failure modes, along
with aging mechanisms that can cause them, for
several commonly found components. When the most
frequently failed components are identified, an
individual aging fraction for each component can
also be determined. This helps to identify those
components most severely affected by aging
degradation. Figure 2, extracted from a study of
residual heat removal systems,1 illustrates the
results of this type of analysis.

Other types of information which should be
extracted from the data, if available, are the
method used Co dececc the failure, what was done
to correct the failure, how long the
component/system was out of service, and the
effect on system/facility operation. This
Information will help characterize the effects of
aging and determine what should be done to
improve aging management.

STEP 4: EVALUATE TIKE-DEPENDENT EFFECTS

Since aging is a time-dependent process,
its effects can increase and become more
pronounced as the component or system becomes
older. The data analysis discussed in Step 3
provides a snap shot of the aging characteristics
at a given time, however. It does not provide any
information on how the effects of aging are
changing with time. This is Important since
aging degradation can resulc in increasing
failure rates with time, if aging degradation is
not properly checked. Studying time-dependent
effects provides information to help focus and
prioritize manpower resources.

One method of evaluating time-dependent
effects is to perform a trend analysis of the
data. This can be done by calculating failure
rates for the components at various ages, and
plotting them as a function of time. To do this,
Che aging related failures should be normalized
to account for population effects and operational
cycles. Once plotted, any increase in failure
rate will become evident, indicating that aging
degradacion may not be properly controlled.
Figure 3 illustrates this for a pump analyzed as
part of a study on component cooling water
systems.*

The analysis can be taken a step further by
examining the effects of increasing component
failure rates on system unavailability and
reliability. This is more difficult Chan the
previous analyses since it requires special
expertise in the area of fault tree modeling and
analysis. However, the task can be simplified if
an existing facility probabilistic risk
assessment (FRA) is available. The time-
dependent failure races can then be input to the
existing models and the tine-dependent parameters
of interest can be calculated. Although this is
a relatively difficult task, Che benefit of
performing this type of analysis is that it
provides information that is useful for
identifying important cemponents and design
aspects.

In the NPAR system studies, paraaeters
typically calculated and plotted are component
importances and system unavailability. These are
illustrated in Figures 4 and 5, respectively,
which were extracted from a phase I study of
component cooling water systems.* As shown in
Figure 4, it was found chat increasing failure
rates can change the Importance of certain
components in later years of operation. This is
important since it can influence which onponencs
receive the most attention in terms of

i inspections and maintenance if resources are
limited. Figure S illustrates the potential
consequences of increasing failure rates on
system unavailability. This assumes thar. failure
rates are allowed to continue increasing at their
current rate, which points out che need for
monitoring failure rate trends.



Table 2 Typical Failure Modes for Comnonly Found Components

Component

Valves
(excluding
operators)

Pumps
(excluding
driver)

Instrumentation
& Controls

Failure Modes

- Fail Co open/close

- External leakage

- Internal leakage

- Does not run

• Leakage

- Incorrect signal

- Loss of function

Aging Mechanisms

- Distortion of internals
- Wear of Internals
- Binding of internals
- Dirt/crud buildup
- Poor lubrication

- Deterioration of seals
- Wear of packing

- Wear of internals
- Erosion of internals
- Corrosion of internals
- Distortion of internals
- Dirt/crud buildup

- Distortion of internals
- Corrosion of internals
- Binding of internals

- Corrosion of internals
- Erosion of internals
- Dirt/crud buildup

- Deterioration of seals
- Wear of packing
- Loosening of fasteners
- Distortion of subcomponents

- Calibration drift
- Short/ground
- Deterioration of electrical
connections

- Dirt/dust intrusion
- Wear of mechanical
subcomponents

- Short/ground
- Deterioration of electrical
connections

- Dirt/dust intrusion
- Wear of mechanical
subcomponents
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Figure 2 Sample Plot of Most Frequently Failed Components
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Figure 3 Sample Time-Dependent Pump Failure Rate Plot
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Figure 4 Sample PloC of Component Importances Versus Time
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Figure 5 Sample Plot of System Unavailability Versus Time



STEP 5: REVIEW ISM&M PRACTICES AND CORRELATE
WITH AGING CHARACTERISTICS

Once the effects of aging have been
characterized by performing steps 1 through 4,
the degree to which aging degradation is a
problem will be known. If it is found that more
effective mitigation techniques are required, the
next step is to review the inspection,
surveillance, monitoring, and maintenance (ISK&M)
techniques that are currently being used at the
facility. This review should focus on correlat-
ing the ISK&K practices with each of the aging
mechanisms active in the system. Particular
attention should be given to those mechanisms
found to cause the predominant number of
failures, or those that have the most significant
effects on safety and reliability.

Based on the information collected from the
preceding seeps, a decision can be made as to
which ISM&M areas are adequate and which need
improvement to properly manage aging. For
example. If it is found in the initial steps of
tha aging assessment that there are a large
number of failures of motor operated valves
(HOVs) due to corrosion of the torque switch, the
ISH6J4 practices should be reviewed to ensure that
there is at least one practice in place to detect
this type of torque switch degradation before it
leads to failure.

| If resources are limited, those HOVs
identified as being important to system
availability or reliability in Step 4 should
receive attention as a minimum. To most
effectively control aging, each of the aging
mechanisms identified in Step Z should be
addressed by at least one ISH&H practice. Again,
if resources are United, those components
Identified as being most important should receive
attention first.

CONCLUSIONS

Proper aging management can result in a
number of benefits to a facility, including
improvements in reliability and safety, along
with the reduction of unavailability. In
addition, it is a prerequisite for plant life

extension and License renewal. Knder Che SRC
NPAR program, a methodology has been developed
for performing aging assessments, which provide
an excellent tool for understanding and managing
aging degradation. To provide more detailed
information on how to more effectively control
aging at specific facilities, these aging
assessments should be performed on a plant
specific basis.

This paper has presented a step-by-step
procedure for performing a plant specific aging
assessment. The results of this type of
assessment are the following:

causing

aging ,

identification of the stresses
aging degradation
determination of predominant
mechanisms and failure modes
identification of important components '
evaluation of the time-dependent effects of
aging
recommendations for defecting and
mitigating aging degradation

By applying the methodology described
herein, an effective aging management strategy
can be put in place to enhance future operation.
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