
. • • • ' • • • / ' • - ' - " '• ' r - -

COMF-840516—6

DE84 012343

IPKDS — COMPONENT HISTORIES AND NUCLEAR PLANT AGING*

R. J . Borkowski

W. K. Kahl

Oak Ridge NaCional L a b o r a t o r y

Oak Ridge , Tennessee 37331

For Presentation at the

International Symposium on Aging

May 1984

Paris, France

Bv acceptance o* this art icle, the
publisher or recipient acknowledges
the U S. Government's rtgnt to
retair. a nonexclusive, royalty tree
license in and to any copyright
cover ing the article

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability 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 privately owned rights. Refer-
ence herein to any specific commercial product, process, or service 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
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

-'Research sponsored by the Divisioti of Risk Analysis, U.S. Nuclear

Regulatory Commission under Interagency Agreement 40-550-75 with the

U.S. Department of F.nergy under contract W-7405-eng-26 with the Union

Carbide Corporation.



ABSTRACT

A comprehensive assessment of nuclear power plant component operat-
ing histories, maintenance histories, and design and fabrication details
is essential to understanding aging phenomena. As part of the In-Plant
Reliability Data System (IPRDS), an attempt is being made to collect and
analyze such information from a sampling of U.S. nuclear power plants.
Utilizing the IPRDS, one can reconstruct the failure history of the com-
ponents and gain new insight into the causes and modes of failures
resulting from normal or premature aging. This information assembled
from the IPRDS can be combined with operating histories and postservice
component inspection results for "cradle-to-grave" assessments of con-
ponent aging under operating conditions. A comprehensive aging assess-
ment can then be used to provide guidelines for improving the detection,
monitoring, and mitigation of aging-related failures.



IPRDS — COMPONENT HISTORIES AMD NUCLEAR PLANT AGING

With the aging of the U.S. nuclear plan; population, it is not only
possible but also reasonable and practical to de<Telop an understanding
of the in situ aging of systems and components from the historical
operating records of these plants. Numerous reasons exist for doing
so. To improve the gloomy financial picture of the nuclear industry,
relicensing of plants to permit generation beyond 30 years might be
helpful to encourage future industry growth. Developing the knowledge
to limit and regulate this extended generation life will require an
understanding of the changes in reliability of safety systems caused by
aging. Predominant modes of failure may change in latter years of
operation, and the ability to identify and monitor these modes will be
essential to safe operation. Also, plant managements may minimize or
mitigate the effects of aging by placing increased emphasis on improved
monitoring of equipment and component behavior, better system operation,
and advanced preventative maintenance (PM) techniques resulting from the
knowledge gained by studying component aging in older plants.

The In-Plant Reliability Data System1"3 (IPRDS) is being developed
by the Oak Ridge National Laboratory under the auspices of the Institute
of Electrical and Electronics Engineers with funding from the U.S. Nu-
clear Regulatory Commission. A primary In-plant Information source for
documenting component aging and its effects is the maintenance work logs
kept by plant maintenance supervisors to track component failures and
repairs. The IPRDS program is collecting, organizing, and studying this
component information from a sampling of U.S. nuclear power plants. The
previous focus of the IPRDS program had been the corrective maintenance
(CM) histories of pumps, valves, diesel generators, batteries, battery
chargers, and inverters. Current efforts of the IPRDS program include
broadening the information base to involve other in-plant records that
contribute information needed to reconstruct the operating and failure
histories of components (e.g., operator logs, surveillance and testing
procedures, and P4 practices and procedures).

The purposes of this paper are to document some of the preliminary
insights gained from examining component CM histories for aging phe-
nomena and to suggest approaches for comprehensive "cradle-to-grave"
analyses using available in-plant records. On<? method developed and
discussed herein 1s based on using CM histories on time lines (i.e., "CM
signatures"). The examples chosen for this paper illustrate two aging-
related areas: the effects of an improved PM policy in mitigating aging
of a feedwater pump and the identification of reoccurring failures in
parts of diesel generators.

A turbine-driven feedwater pump CM history (Fig. 1) is particularly
interesting because the plant had initiated an improved PM policy during
the period under observation. Documented in Fig. 1 is the CM history or
signature of the pump, represented chronologically and by severity of
failure. Degrees of failure severity are represented by the following
three distinct levels:



FAILURE SEVERITY:
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Fig. 1. CM signature of feedwater pump.



9 Incipient failure — no effect on pumping function was
noted, but evidence of impending problems did exist
(e.g., noisy bearing);

e Degraded failure — the pump function was impaired; and

• Catastrophic failure — pump could not function.

A. decreased number of catastrophic failures and overall failures per
year is evident from this display of the CM signature after the imple-
mentation of the IM policy. As one might expect from improved surveil-
lance as part of the improved IM program, the reported incipient fail-
ures of the pump increased notably within the first year after initia-
tion of the IM program. Figure 2 better illustrates the relative
changes in frequency of the three failure severities. From this and
similar assessments of maintenance histories of other components,
preliminary indications suggest that in-depth analyses could lead to
identifying more effective methods for mitigating component aging.

In Figure 3, the CM signatures of two emergency diesel generators
from one plant are illustrated. Two interesting facets of these signa-
tures became evident after additional research into the operator logs
and discussions with plant personnel. The observation that the plant
outages and diesel generator overhauls coincided with the periods just
prior to the bunching of failures on these signatures, leads one to sur-
mise that the IM (i.e. overhauling) may have introduced problems re-
quiring CM and provided the opportunity for human error to significantly
contribute to subsequent diesel generator failure. An additional ele-
ment of information provided on these signatures is the IPRDS code
identifying the cause of the failure (Table I ) . 4 The predominance of
cause code number 38 indicated a recurring phenomenon with the voltage
relays. It was found that oxidation of the relay contacts was occurring
because oversized relays were installed and the resultant abnormal arc-
ing during relay operation was not sufficient to remove normal oxidation
from the contacts. Finally, the oxidation buildup resulted in failure
of the relay. Developing and using such CM signatures is an important
initial step toward understanding the aging phenomena and eventually
focusing on the critical component parts that are limiting component
availability.

For a comprehensive and conclusive analysis of component aging,
many other information sources on component operations and environment
must be examined and used in concert with the maintenance histories.
The important in-plant documents and their appropriate contribvitions to
the component aging history include:

• Operator's log —

Gives the day-to-day operating regimes and the cycling of sys-
tems and components through various phases of plant operation
and documents unusual developments or occurrences that may
upset the internal component environment (e.g., system param-
eters) or the external environment (e.g., high radiation,
fire).
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Table 1. 1PRDS diesel generator
cause codes used in Fig. 3

Code type

Event/state

Subsystem

Parts/components
(Mechanical)

Environmental/
mechanical

Code No.

00
01
02
03
04
08
09
10
11
12
13
14

15
16
17
18
19
20
21
22
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
59
60
61
62
63
64

Code description

Unknown
Design error
Personnel error
Fabrication/construction error
Procedural discrepancy
Leakage/general, unspecified
Leakage/air, gas, steam
Leakage/liquid coolant, h>draulic fluid
Leakage/lubricant, oil, grease
Air intake system
Building environmental control system
Control circuit (speed control/governor,
logic channels)

Cooling system
Electrical systems
Engine
Exhaust system
Fuel delivery system
Generator
Lubrication systems
Starting system
Battery
Breaker
Equalizer
Fitting
Fitting/nipple
Governor
Heater
Motor
Pump/fan
Recording instrument
Relay
Screw/bolt/fastener/weId/solder
Solenoid
Strainer
Switch/microswitch
Synchronizer
Transducer/indicator
Transformer/regulator
Turbocharger
Valve
Wiring
Vibration
Corrosion/erosion
Foreign material contamination
Cracked/pierced
Out of adjustment
Misaligned



• Surveillance and testing procedures and results —

Provides the regimes of periodic testing operations that the
component is required to undergo. Documents methods and moni-
toring techniques currently used to detect symptoms of aging
or other degradation.

A PM and procedure —

Describes the component/piece parts replaced, adjusted, or
repaired; thereby identifying steps used in mitigating aging
consequences and identifying any potential for human factor
effects.

o Systems description and drawings —

Gives plant location of components, flow paths within a
system, and interconnection between systems, which help in
defining internal and external environments affecting the
components.

Piecing together the operating history of failed components from these
source^ and using information from postmortem evaluations can lead to an
understanding of the complex mechanisms of aging and means for its early
detection by proper monitoring and prevention techniques.

These short examples show that the CM history of components is only
one piece in the puzzle of understanding aging of components in actual
plant operation. These signatures can identify the effects of aging and
provide clues to the specific mechanism (e.g., erosion, wear). Only with
a comprehensive history of the component operating regimes and system
parameters, coupled with effective PM, and accurate information of the
operating environment conditions can one develop a cradle-to-grave aging
history of a component. Fortunately, documents exist within the gener-
ating plants to perform this history reconstruction.
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