February 19, 2013

MEMORANDUM TO: Harold K. Chernoff, Chief
Operating Experience Branch
Division of Inspection and Regional Support
Office of Nuclear Reactor Regulation

FROM: John W. Thompson, Senior Reactor Operations Engineer /RA/
Operating Experience Branch
Division of Inspection and Regional Support
Office of Nuclear Reactor Regulation

SUBJECT: IOEB ANALYSIS TEAM STUDY ON COMPONENT AGING -
INSIGHTS FROM INSPECTION FINDINGS AND REPORTABLE
EVENTS

Enclosed is the study on component aging with insights from inspection findings and reportable
events. The study was briefed to the Office of Nuclear Reactor Regulation Executive Team on
November 8, 2012.

Please contact me at 301-415-1011 or via email at John.Thompson@nrc.gov if there are any
questions.
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IOEB Analysis Team Study

Component Aging Study (2007-2011) — Insights from Inspection Findings
and Reportable Events

SUMMARY:

In March 2012, NRR’s Operating Experience Branch (IOEB) completed a review of safety-
related and important-to-safety “active” component failures and reportable events attributed to
age-related degradation. The staff looked at operating experience (OpE) for the years 2007—
2011, focusing on inspection findings, and reportable events (licensee event reports (LERs)). It
was not the focus of this study to look at passive component failures or premature aging effects
caused by environmental qualification issues.

The results of this study show that the number of inspection findings and LERs attributed to
age-related degradation are relatively small (approximately 2 percent of all inspection
findings/year). However, since 2009, there is a notable increase in the number of inspection
findings and LERSs involving highly reliable components whose failure was attributed to age
degradation after being in service for over 15 years. Some of these failures appear to have
resulted from licensees running their equipment to failure, and in other cases, the failures were
caused by operating equipment beyond its qualified service life without appropriate justification.
Though most of the affected systems and components are within the scope of the NRC'’s
Maintenance Rule (10 CFR 50.65), with few exceptions, these failures do not rise to the level of
being cited as Maintenance Rule violations. In some cases, inspectors were unable to identify a
performance deficiency associated with the failure.

NRC Component Design Basis Inspections (CDBIs) were responsible for identifying many of the
Appendix B violations cited in this study. Yet, very few (seven) of the datum identified in this
study were cited as 10 CFR Part 50, Appendix B, Criterion Ill (Design Control) violations. Itis
interesting to note that in more than 75 percent of the 105 datum that were reviewed, it was
determined that the System, Structure, or Component (SSC) either exceeded its recommended
service life or was effectively run-to-failure. Thus, it is reasonable to question the oversight
effectiveness of the baseline inspection program in this area.

It is difficult to ascertain the significance of age-related factors contributing to the SSC failures
discussed in the inspection reports and LERs contained within this study. This may be attributed
to the fact that failures involving components exceeding their qualified service life may not be
the most significant causal factor contributing to the performance deficiency. It is also difficult to
place in perspective the overall numbers of safety-significant SSCs that remain in service
beyond qualified service life without adequate justification, given the current regulatory oversight
emphasis on performance-based inspections.

Over the past several years, EPRI and the industry have issued reports that highlight this aging
problem, albeit on a topic-specific basis. These reports tend to be focused on certain
components (e.g., relays, power supplies), and they have not drawn attention to the broader
component aging issue identified in this study. In an EPRI progress update report titled: “Relay
Aging Management Guidelines Target Age-Related Degradation,” dated July 2011, EPRI and
the industry both acknowledged that relays were failing after being in service beyond the
vendor’'s recommended service life. EPRI also recently released a progress update report on



“Control Relay Aging Management Guideline: Auxiliary, Control and Timing Relays” (EPRI
Report 1022972). Another EPRI abstract report, “Plant Engineering: Instrument Power supply
End-of-Expected-Life Guidance, dated May 2011, states that licensees who are practicing
condition-based or predictive maintenance strategies should instead switch to a periodic, or
time-based refurbishment/ replacement strategy because age-related operating and design
application stressors exacerbate failure. Further, the NRC may wish to consider how inspectors
could be better prepared to identify instances where licensees are operating SSCs beyond their
reasonable expected service life without adequate engineering justification. Additional guidance
and training could be used to alert more inspectors to how these issues can be pursued using
10 CFR Part 50, Appendix B criteria (Criterion Ill, Design Control).

IOEB believes the aging issue as described above will become more prevalent as plants
continue to age.

ANALYSIS:
Categorization of Age-Related SSC Failures Identified by this Study

The majority of the SSC failures identified by this study (see the Appendix) contain electrical
subcomponents such as circuit cards (capacitors/resistors), relays, transformers, fuses, and
switches found in safety-related power supplies, battery chargers, inverters, and radiation
monitors. Other SSCs that experience age-related failures resulting in plant trips and transients
include molded case circuit breakers (MCCBs), snubbers, expansion joints on heating,
ventilation and cooling equipment, and subcomponents on pumps and valves (e.g., O-rings and
diaphragms).

IOEB staff also found examples where licensees have: 1) inappropriately operated safety-
related equipment to failure, 2) operated safety-related (or important-to-safety) equipment
beyond vendor recommended service life without adequate engineering justification, and 3)
failed to incorporate industry operating experience regarding revised estimates of service life
and preventive maintenance (PM) guidelines. As defined and used in this study, a run-to-failure
designation is where a component had remained in service beyond expected qualified service
life without adequate justification at the time of its failure and without any expectation of an
ongoing preventive maintenance program or planned replacement/refurbishment (as gleaned
from the report documentation).

Only three inspection findings are identified in this study as maintenance rule violations
(identified at Waterford in 2011, during a Catawba CDBI inspection in 2009, and during a
supplemental inspection at Brunswick in 2007).

It should be noted that these 105 inspection findings and LERs likely constitute a small
percentage of the total population of SSC failures involving age-related degradation. For
example, IOEB searched industry data for all 2011 relay failures and found that 60 out of 133
failures were attributed to age-related degradation. The review also found that a majority of the
133 relay failures were categorized as Maintenance Rule Functional Failures.



Many of the failure reports in the industry data do not reach the threshold of NRC reportability
and do not involve performance deficiencies that rise to a level that would be documented in an
inspection report. This study focused only on those inspection findings and LERs that met the
criteria either for reportability or for a more than minor performance deficiency. IOEB
determined that the majority of these failures occurred with components that typically are within
the scope of the Maintenance Rule (see Figure 1 below).

A summary of key observations that pertain to age-related SSC failures documented in the
inspection findings and LERSs are:

e areliance only on performance-based monitoring without considering the need for
periodic/time-based replacement maintenance;

e mis-categorization of the SSC as a non-critical component; thus no
refurbishment/replacement plan was put in place;

o lack of justification for the SSC remaining in service beyond expected service life based
on a lack of understanding of the safety function;

o failure to maintain awareness by some licensees of available industry OpE that has
bearing on qualified life of the SSC;

o failure of some licensees who have recognized the need to make improvements in their
PM programs, but failed to follow through on implementation of these improvements,
and

o failure of a subcomponent in an SSC that was not recognized as requiring periodic
replacement/refurbishment.
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Figure 1: 2007-2011 Inspection Findings/LERs for Age-Related Failures of Safety-
Related and Important-to-Safety Equipment

[Note: No overall trend in the number of findings involving age-related failures of
important-to-safety SSCs, but the number of findings involving failures of SSCs that has
been in service for greater than 15 years since 2009 are increasing.]

One hundred and five (105) inspection findings and LERs were identified for the years 2007-
2011 that involved age-related degradation of SSCs associated with safety-related and
important-to-safety equipment (see the Appendix). Although the data set may not be
statistically significant, the number of findings involving failures of SSCs that have been in
service for 15-20 years or greater has been gradually increasing since 2009. About 50 percent
of the 105 inspection findings and LERs involved SSCs that were known to have been in service
for at least 15 years, with a majority in service for greater than 20 years, and some with in-
service times approaching 40 years (see Figure 2 below). Although in-service time could not
be determined for approximately 30 percent of the failures, it is probable that since the failures
were all age-related, most of the components involved were in service for greater than 15 years.
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Figure 2: 2007-2011 Inspection Findings & LERs Involving SSCs with a
Known In-Service Time of 15/20 Years or Greater

More than 70 percent (77 findings) of the 105 inspection findings and LERs involve age-related
failures of SSCs that were in service beyond expected service life. Many of the SSCs left in
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service beyond expected life did not have an adequate engineering justification for continued
service. About 40 percent of the 77 inspection findings were also Appendix B related findings,
but only seven were cited against Criterion Ill, Design Control. Appendix B, Criterion Ill requires
licensees to verify or check the adequacy of design if safety-related equipment will remain in
service beyond its qualified life. Thus, with greater than two-thirds of findings and events
involving SSCs left in service well beyond expected service life, it is reasonable to question why
NRC oversight programs are not more focused on aging management of active SSCs.

Performance-Based vs. Periodic (Time-Based) Maintenance

Performance-based maintenance is at the heart of the NRC’s Maintenance Rule. Performance-
based maintenance is typically performed on safety-related equipment, and several industry
studies cite this strategy as best suited for monitoring SSC performance and maintaining
component reliability. The bathtub curve occupies a place of considerable importance in
reliability practice, although it is not without criticism, particularly with some of the underlying
assumptions with infant mortality on the left side of the curve (see Figure 3 and IEEE
Transactions on Reliability, Vol. 52, No. 1, March 2003).

But, for those SSCs operating beyond their qualified service life (i.e., on the right side of the
bathtub curve), performance-based maintenance, if not used in conjunction with other
preventive maintenance strategies, may not be enough to ensure continued reliability. Without
an effective life cycle management program, it is likely that plants are, or soon will be, operating
equipment in that portion of the Bathtub Curve where the probability of experiencing failures is
notably increased. The data compiled by this study suggests that some licensees did not
implement effective life cycle PM strategies, despite the fact that they were conducting
performance-based maintenance in accordance with the Maintenance Rule. Life cycle
management takes into account preventive and predictive measures, refurbishment intervals,
and ultimately, equipment replacement. However, there are a growing number of plants
approaching (and exceeding) 40 years of operation that still have equipment in service that
dates to original plant startup.
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Figure 3: Bathtub Curve Hazard Function
Station transformers are an example of how highly reliable components can fail when left in
service without adequate life cycle maintenance, showing a decrease in reliability consistent
with operation on the right side of the Bathtub Curve. In 2008, the industry identified an
increasing trend in transformer failures from 1991-2001, and in 2009, IOEB conducted a review
of large oil-cooled transformers failures from 2007-2008. Although many station transformers
are not safety-related, they still fall within scope of the Maintenance Rule. The NRC staff found
that some licensees were not maintaining station transformers in accordance with established
PM practices as recommended by vendor and industry guidelines. The staff also noted that
large transformer failures resulted in six declared events and that the primary contributors to the
trend were: 1) over-reliance on contractors to perform maintenance, 2) equipment no longer
supported by the original manufacturer, 3) non-standard designs, and 4) loss of technical
knowledge on high voltage equipment. The industry noted that many transformer failures occur
because life cycle management of transformers is a concept that has not been widely practiced.

NRC oversight programs could be better focused on aging management of (active) SSCs,
and may not be able to effectively deal with an aging industry that potentially is
experiencing an increase in age-related SSC failures.

There are several nuances to the Maintenance Rule relative to age-related degradation that
affect the ability of inspectors to cite violations against it. If an SSC is deemed highly reliable,
and there is no history of recent failures, then it may not be necessary for the performance of
the SSC to be trended, regardless of its risk significance. Further, there is no Maintenance
Rule requirement to have enhanced PM practices just because equipment is old. Even if it was
known that a component was not within scope of the Maintenance Rule (and it should have



been), and the component failed, it still may not meet a more than minor threshold for inspection
report documentation until there is a second failure (inadequate corrective action).

The License Renewal Rule excludes consideration of aging effects on active SSCs because it
assumes the SSCs are included in an ongoing PM program. Baseline inspections of PM
activities are heavily focused on Maintenance Rule implementation (performance-based
strategies), thus there may be less focus on other types of PM (e.g., time-based/period
replacement maintenance, or life cycle maintenance). The CDBI appears to be the most
effective tool at identifying these issues, perhaps due to the focus on design requirements.
However, CDBIs are infrequent and are of limited scope.

Training or additional guidance may be needed to assist inspectors in instances where they
discover equipment that remains in service beyond its expected service life without justification,
absent performance problems or failures. This situation can cause the SSC to lose its inherent
reliability, such that it could give inspectors a basis for questioning continued compliance with
the Maintenance Rule and Appendix B requirements. Appropriate training could give inspectors
additional tools and the knowledge to pursue these issues. Awareness of available industry
OpE may also be an issue for both licensees and inspectors.

Inspectors may also benefit from additional information on how to apply 10 CFR Part 50,
Appendix B, Criterion Ill, Design Control, during routine inspections. Appendix B, Criterion Il
requires, in part, that measures shall be established for the selection and review for suitability of
application of materials, parts, equipment, and processes that are essential to the safety-related
functions of SSCs. When an important-to-safety SSC remains in service beyond its qualified
life, without an acceptable engineering evaluation, inspectors should question how this
equipment remains capable of performing its safety function pursuant to the design basis
specifications under this section of the regulations.

CONCLUSIONS:

1. Although the staff found there was no overall trend in the number of inspection findings
and LERs involving age-related failures of important-to-safety SSCs, the overall number
of these findings is of note. Inspection findings involving SSCs that have been in service
for 15-20 years or more have been increasing year to year since 2009.

2. Based on the data contained in the Appendix, it appears that some licensees do not
have effective life cycle PM programs (periodic or time-based PM strategies) for some
important SSCs where industry and vendor experience has suggested this is necessary.

3. NRC oversight programs may not be focused on aging management of (active) SSCs,
and these programs could be better prepared to effectively deal with an industry that
potentially is experiencing notable occurrences of age-related SSC failures.

4. Guidance on how 10 CFR Part 50, Appendix B, Criterion lll, Design Control, applies to
situations where SSCs are in service beyond qualified service life without adequate
justification could be improved among some inspectors.



RECOMMENDATIONS:

1.

2.

Issue an OpE COMMunication on this topic.

Present this issue to the NRR Executive Team, either as a Significant Topics Brief or as
part of the periodic Operating Experience Overview and Analysis Report (OAR) briefing.

Consider issuance of a generic communication (e.g., Regulatory Issue Summary) to
alert industry and staff that operating important-to-safety equipment beyond its qualified
service life without adequate justification (with or without a failure history) is contrary to
regulatory requirements and NRC expectations.

The NRC may wish to consider how inspectors could be better prepared to identify
instances where licensees are operating SSCs beyond reasonable expected service life
without adequate engineering justification. Additional guidance and training could be
used to alert more inspectors on how these issues can be pursued using 10 CFR Part
50, Appendix B criteria.

Brief the regional CDBI branch chiefs and OpE contacts to alert them to the findings of
this study.

Conduct a temporary instruction (containing examples) designed to evaluate whether
licensees are documenting appropriate engineering justifications for SSCs in service
beyond qualified service life. Results may inform further staff actions, such as
enhancements to the baseline inspection program.

Consider engaging industry to propose a revision to Maintenance Rule Regulatory Guide
1.160 and NUMARC 93-01 to increase discussion of the validity of time-based (periodic
refurbishment/replacement) PM and/or life cycle management.
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