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ABSTRACT *""» 3 0

The U.S. NRC's Nuclear Plant Aging Research (NPAR) Program is a ?*
hardware oriented research program which has produced a large data f
base of equipment and system operating, maintenance, and testing '
information. Equipment and systems which have a propensity for age
related degradation are identified, and methods for detecting and
mitigating aging effects have been evaluated.

As plants age, it becomes increasingly important that NRC inspectors
be cognizant of plant aging phenomena. This paper describes the
NPAR information which can enhance inspection activities, and pro-
vides a mechanism for making pertinent research available to the
inspectors.

BACKGROUND

The NPAR program's goals are to obtain an understanding of the aging
degradation processes in components, systems, and structures, and assess methods
for detecting and mitigating aging1. This hardware-oriented engineering re-
search program uses a two phase approach. The typical output from a two phase
study of a component or system includes information such as:

• A detailed assessment and evaluation of operating experience.
• An evaluation of failure modes, causes, and effects.
• A review of current industry maintenance and operating practices.
• An evaluation of operational stresses which could lead to equipment

degradation or premature failure.

More than fifty reports have been published through the NPAR program. The
potential exists for this output to directly support the NRC regional inspection
activities. More specifically, one of the goals of the work described in this
paper is to explore the inspection areas where NPAR results could enhance the
inspector's understanding of the subject area, thereby contributing to a more
effective inspection. Other goals are:

• To identify NPAR information that can help focus inspections on
those components and systems vulnerable to age-related degradation,
and

• to identify methods for integrating research results into the in-
spection process.

1 Work done under the auspices of the U.S. Nuclear Regulatory Commission.
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DESCRIPTION OF RESEARCH ACTIVITIES

To achieve the objective of integrating NPAR information into the NRC
Inspection Program, a number of activities have been accomplished. It was first
necessary to review the Inspection Program to determine relevant inspection
guidance. Chapter 2515 of the NRC Inspection Manual was reviewed to determine
the areas of emphasis, and to ascertain where aging information could be effec-
tive in achieving the inspection goals2. Secondly, the NPAR information with
potential application to these inspection activities was identified. Four areas
of NPAR program results which had applicability to inspection activities are
categorized as:

a) component background

b) operating experience

c) recommendations

d) references.

Under the component background category are items such as identification of
materials and subcomponents, design specifications, and operating parameters in
which age effects dominate. The operating experience heading includes failure
data, operational stresses and risk contributions. Recommendations is the area
which encompasses the major research results including functional indicators and
viable aging detection and mitigation techniques. Also included is an evalua-
tion of current maintenance practices, vendor recommendations, and the results
of any testing performed as part of the research. The references area includes
NRC documents associated with this component, as well as related industry stan*
dards.

Thirdly, the material must be assembled and presented in a format that
meets the inspection needs. In this regard, feedback was solicited directly
from the inspectors through presentations at regional seminars. This latter
activity and its effect on the recommendations are the main emphasis of this
paper.

REGIONAL INTERFACE

Presentations were made to Regions 1, 2 and 3 over a 2 month interval
between March and May of 1989. These meetings were coordinated with the resi-
dent inspector meetings which are held every three to four months. The presen-
tations consisted of two parts, with the first describing the overall goals and
objectives of the NPAR program, and the second segment of the presentation pro-
viding specific examples of research results and how they could be applied to
inspection activities. This latter segment was supported by NPAR report ex-
cerpts which were arranged in the four categories described in the previous
sections.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United Stales Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal Lability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus. Product or
process disclosed, or represents that its use would not infringe pnvately owned right*. Refer-
ence herein to any specific commercial product, process, or seme* by trade name, trademark,
manufacturer or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
Tnd opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



The overall response from the regions to the NPAR approach and the type
of results achieved to date was favorable. Resident inspectors, especially
those assigned to the older plants, supported the need to address aging as a
separate issue. Through the use of a survey form they indicated the following
preferences:

1. The category of operating experience was felt to be of most value
with 60% of the inspectors ranking it "very useful" (5 on a scale
of 1 to 5).

2. Most inspectors felt that summaries of the NUREG/CR reports would
be the best method of alerting inspectors to NPAR results. The
average rating was 3.9 on the 1 to 5 scale.

3. The survey respondents listed a host of systems and components which
were of interest to them from the aging perspective. There was only
minor commonality, indicating that information needs vary widely
depending on the individual's experience, and the problems present
at the plants where they are assigned.

RECOMMENDATIONS AND CONCLUSIONS

Based on feedback obtained from these presentations and from discussions
with regional management, several recommendations are made to achieve the goal
of transferring useful information from the NPAR program to the regions:

2. Summarize the research from NPAR reports that are applicable to NRC
inspection activities. A summary of the research results coupled
with an aging inspection guide will provide the inspector with im-
portant insights regarding the aging degradation of various equip-
ment and systems. The summary for each equipment type and system
studied in the NPAR Program would include the identification of
aging related problems, highlights of the operating experience,
solutions to aging problems, and references likely to be available
to the inspector. The aging inspection guide is a more concise
summary of recommendations with emphasis on visual inspection tech-
niques and activities to evaluate licensee programs for understand-
ing and managing aging. A sample report summary and aging inspec-
tion guide have been included as Appendix A and B, respectively.

2. Establish a schedule of regular regional presentations by NPAR con-
tractors. Results oriented discussions by NPAR representatives
would be of mutual benefit to the regions and NRC research. A work-
shop type atmosphere for components or systems of particular inter-
est to the region would be of greatest value.

3. Continue to work with the NRC's Data Administration Branch to make
NPAR results available through a system such as the Safety Informa-
tion Network (SINET)3 With the expanding use of personal computers
at NRC offices and the desire to minimize the amount of documenta-
tion routinely processed by the NRC inspectors, exploring the ap-
plication of a data base system is justified.
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AGING REPORT SUMMARY
INVERTERS

SUMMARY
Inverters are used in nuclear power plants to convert dc to
ac power for instrumentation, controls, and other equipment
necessary for power operation and safety. Research has
shown that inverter performance will degrade with time due
to the aging susceptibility of some components and
materials. This degradation can be detected and mitigated
through maintenance, operation, and design activities.
This guide summarizes these recommended practices, and
identifies areas of inspection importance.

BASED ON:
1. NUREG/CR-4564, Operating Experience and Aging-Seismic

Assessment of Battery Chargers and Inverters
2. NUREG/CR-5051, Detecting and Mitigating Battery Charger

and Inverter Aging
3. NUREG/CR-5192, Testing of a Naturally Aged Battery

Charger and Inverter

AGING RELATED PROBLEMS
Large percentage of inverter failures due to hardware.
Components found to be susceptible to aging degradation are.-

1. FILTER CAPACITORS: These comDonents have ex-
perienced a limited service life (approximately
5 years) directly related to ambient temperature,
applied voltage, and ripple current.

2. THYRISTORS (SCRsh Larae SCRs used in the Dower
conversion circuit generate heat which is designed
to be dissipated through-attached heat sinks. Im-
proper torque of the SCR/heat sink connection has
resulted in overheating and failure of the SCR.

3. FUSES; Fast actina fuses are used to protect
inverter electronics and are subject to a thermal
fatigue. Depending on internal cabinet temperature
and the proximity of the fuse rating to normal load
current, expected life can vary from 5 to 25 years.
As the fuses degrade, they are more susceptible to
normal plant electrical transients such as start ing
motors and switching operations.



OPERATING EXPERIENCE

INVERTER FAILURE EFFECTS
Number of Events

Reoctor Trip 57

Containment ISOI. 13

SI Actuation 12

LOSS of Feedwater 11

Loss of S/D Cooling 3
RClC Inop 4

HPCI InoD 5
Core instrumentation 8

ventilation LOSS 7
Turbine RunDBCk 7

LERs (984 - 1986

The operating experience data have
demonstrated that inverter failures
can impact plant safety and avail-
ability. One of the most visible
and dramatic effects of an inverter
failure is reactor trip. From 1984
to 1986, 57 reactor trips resulted
from an inverter failure. In addi-
tion, safety injection (SI) system
actuations, containment isolations,
and safety system (HPCI & RCIC) in-
operability were directly linked to
inverter failures.

INVERTER FAILl
Percent of

Electrical Transient 15

Overheating 10 >-^^|l||mill|l

Loose Connection 7 ^^^^^2§ l r

^ — .

LERs 1976

JRE CAUSES
C3ilurss

" \ Personnel Errof 18

miw
Unknown 36

- 1986 bnl
-JUtt

The analysis performed on operating
experience data accumulated over 12
years indicates that overheating,
electrical transients and personnel
errors are the leading causes of
inverter failures. Stresses from
these occurrences cause aging of
critical components. The Sarge
percentage of unknown causes may
due to 'normal' electrical switch-
ing where inverter fuse or circuit
breaker operation results.



SOLUTIONS TO AGING PROBLEMS

DESIGN
Four basic designs of inverters are used in the
nuclear industry. Improvements have been made
in the more recently manufactured units, such as:

1. The use of an automatic transfer switch, which
senses an inverter failure and switches to a
backup power source without a detectable loss
of power to vita! equipment.

2. The installation of higher voltage and tempera-
ture rated components, especially capacitors &
semiconductors. This makes these components
less susceptible to operationally induced
stresses.

3. Forced air cooling rather than natural convec-
tion cooled units tend to have less overheating
problems. Several ut i l i t ies have modified the
inverters in this manner.

4. Additional monitoring capabil i t ies, including
annunciation of abnormal condit ions, such as
high temperature, are available in newer units.

MAINTENANCE & MONITORING

Based on the inverter's importance and the effects
of its failure on plant safety and availability, a
comprehensive inverter maintenance program is rec-
ommended. To detect and mitigate the effects of
aging on inverters, this program should include in-
spection, testing, and preventive maintenance.

(continued)
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MAINTENANCE & MONITORING

INSPECTION
The inspection of an inverter by experienced
personnel can provide a great deal of information
about the equipment's overall condition.

While operating, observation of cyclical electrical
hum, meter oscil lation, or cooling fan noise can
indicate an impending failure.

. Component degradation due to overheating, and loose
electrical and mechanical connections can be
detected when the inverter is off- l ine.

. Cleaning can minimize the risk of overheating. The
wiping of SCR heat sinks and ventilation flow paths
improves heat transfer away from temperature sensi-
tive components.

TESTING/MONITORING
Periodic testing is necessary to verify that design
parameters are obtainable under all conditions. The
acceptance criteria for such testing should be based
on specific plant and manufacturer information.

Overheating is an important cause of stress that
can reduce the expected life of electrolyt ic cap-
acitors, thyristors, and inductors. It is prudent
to periodically monitor them to detect any increase
in temperature.

. Component performance data may change with time and
can indicate degradation. Two parameters for de-
tecting aging of electrolyt ic capacitors are an
increase in the equivalent series resistance (ESR)
or a decrease in the value of the capacitance.

. Capacity testing, especially for standby inverters,
is recommended. This verifies that the inverter
can supply design loads, and permits inspection and
monitoring techniques to be applied at rated condi-
tions.

. The automatic transfer switch should be tested to
verify it is capable of transferring to the al tern-
ate supply without interrupting power to cr i t ical
equipment.
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PREVENTIVE & CORRECTIVE MAINTENANCE
Specific requirements from the manufacturer should be
incorporated into the maintenance program. These are
based on the manufacturer's experience or are generated
as a result of equipment qualification. Guidelines are
also provided to restore the inverter to an operable
condition following a failure.

Deviations from equipment qualification requirements re-
quire documented engineering analyses. Components which
have been identified as having limited service lifes in-
clude capacitors, cooling fans, fuses, circuit breakers,
and relays.

Replacement power electronics, such as SCRs, should be
remounted to a cleaned heat sink surface at the torque
specified by the vendor.

Loose power cable terminal contact surfaces should be
cleaned prior to tightening.

Fuses identical in rating and design should be used.

REFERENCES
These documents provide additional background informa-
tion regarding inverters used in nuclear power plants.

AEOD Case Study Report C605, "Operational Experience In
volving Losses of Electrical Inverters", 12/86.

Information Notice 87-24, "Operating Experience Involv-
ing Losses of Electrical Inverters".

Information Notice 88-57, "Potential Loss of Safe Shut-
down Equipment Due to Premature SCR Failures".

IEEE-650-1989, "IEEE Standard for Qualification of Class.
1E Static Battery Chargers and Inverters for Nuclear
Power Generating Stations".



AGING INSPECTION GUIDE-INVERTERS

I. Visual Inspection Summary

a. External

1. no unusual meter oscillation or electrical hum
2. input and output parameters in spec,

(voltage, current, frequency)
3. cooling air filters not clogged

b. Internal

1. no signs of overheating
2. capacitors not bulging or leaking oil
3. cleanliness, especially of SCR heat transfer

surfaces

II. Licensee Program Evaluation for Understanding
and Managing Aging

a. Maintenance Related Activities

1. Periodic inspections are performed and include
cleaning & connection tightness check

2. Preventive maintenance is conducted at least
once per cycle and includes calibration, EQ
related component replacements, and evaluation
of circuit waveforms. Note that electrolytic
capacitors are included in EQ program.

3. Personnel responsible for maintenance have been
trained, and use approved procedures which have
incorporated vendor recommendations.

b. Operations Related Activities

1. Daily logs or round sheets include recording
data or observing inverter performance

2. Operating procedures address the response to
an inverter failure

3. Periodic checks are made to insure proper
electrical alignment - normal supply from
the station battery



AGING INSPECTION GUIDE-INVERTERS
(continued)

c. Design/Test Related Activities

1. Loading of inverter for normal and postulated
accident conditions is within equipment rating.

2. Static switch is functionally tested to assure
uninterruptible transfer to alternate supply.

3. Capacity testing, especially recommended for
standby inverters, accurately reflects loads.

4. Protective device co-ordination between the
inverter and its branch circuits exists.

d. Other Recommended Licensee Activities

1. Replacement or testing of all filter capacitors
should be considered when one fails. (Same stress)

2. The ferro-resonant inverters (i.e., SCI, Westing-
house) use magnetic components for waveform shaping
and voltage regulation. Special ferro tuning
techniques recommended by the manufacturer should
be followed.

3. The pulse-width modulated inverters (i.e., Elgar,
Cyberrex) generate a near sine wave output through
electronic feedback. Photographing the wave shapes
for timing and sequence should provide good trouble
shooting information.


