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is higher than normal and attributable to commutator related problems. One of
the data bases indicated that motors with ratings of 1 - 99.9 horsepower (hp)
represent nearly 47% of the total motor population. Fractional hp (< 1.0 hp)
motors and motors with ratings of 100 = 999 hp represent another 41X of the
total population while large motors (> 1000 hp) essentially making up the bal-
ance. It can be deduced from the data analysis that failure rate typically
increases with horsepower rating even though large motors are often equipped
with sophisticated surveillance, mecnitoring and protection systems.

Three-phase induction motors are versatile and reliable, and speed can
be selected to suit the load. Dc motors are reliable and have accurate speed
control as well as efficient performance over the entire speed range but com-
monly require more maintenance. Where constant speed is an absolute neces-
sity, the synchronous motor is available.

With regard to motor applications, valves and pumps constitute nearly 95%
of the total motor population and are predominantly driven by squirrel cage
induction motors.

An analysis of the major motor components and their respective materials
of construction are summarized in the following table:

Motor Components Materials Effects of Aging
Stator Copper, Steel, Silicon Steel, Minimal
Aluminium Minimal
Insulating Materials Significant
Rotor Copper, Steel Minimal
Insulating materials Significant
Bearings Steel, Brass, Bronze Moderate
Grease, Lube oil Significant
Accessories Steel, Cast Iron, Brass, Copper Minimal
Seals and Gaskets Significant
Mica, Plastics Significant
Cable Insulating Material Moderate
Graphite Significant

The insulating system of a typical electric motor consists of various
materials in association with conductors and supporting structural parts, In-
sulating systems are NEMA designated as A, B, F and H, in ascending order of
maximum operating temperature for a given life, Class B insulation systems
are consistently in the highest failure category while Class F and H exhibit
significantly lower failures. This is partly because a large population of
motors in a typical nuclear plant have Class B insulation,
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S.3 STRESSORS - OPERATIONAL AND ACCIDENT RELATED

Motors are subjected to various operational stressors which originate
both from system-level effects and from the environment, and as a result indi-
vidual motor components are required to endure numerous types of service wear
conditions. Abnormal or accident events tend to worsen these conditions while
potentially introducing additional stressing effects. The selection oi a par-
ticular motor type and rating for the performance of a specific system func-
tion therefore requires consideration of the predominant mode of system opera-
tion, whether continuous or intermittent, and prediction of the expected mild
or harsh environment. System considerations are extremely important in motor
specification and failure to adequately consider these aspects can result in
excessive loading and premature aging.

The Residual Heat Removal Systems, Service Water Systems, and High Pres-
sure Coolant Injection Systems were noted to experience the majority of motor-
ized system failures.

All motor components are susceptible to degradation including the stator,
rotor, bearings, and accessories. The two most significant stressors in
motors are temperature and vibration-related, and while the potential for the
occurrence of these stressors is multiple in nature, thermal effects commonly
result from excessive current which imposes self-heating and thereby insula-
tion failure, and vibrational effects which can originate from internal and
external abnormalities,

Predominant failure modes for motors are associated with the stator and
bearings. Stator related failures are the highest having nearly equal proba-
bility of occurrence for both pump and valve applications, whereas bearing
failures are significantly higher for pump motors. Stators are highly in-
clined towards ground insulation burnout due to overheating and corresponding
material degradation which occurs normally as well as at an accelerated rate
under harsh environment conditions. Bearing failures result primarily from
the deterioration of lubrication properties in grease or oil caused by high
temperatures and foreign materials.

The stresses caused by normal operation as well as misoperation also de-
grade motors. Excessive starts and stops and backseating of valves are the
two most common forms of operational stressors.

Operational ard environmental parameters that are resultant aging mech-
anisms and therefore influence the degradation of insulation, lubrication,
gaskets and seals, and other components made of organic materials are predomi-
nantly electrical, mechanical, chemical, thermal, environmental, and radia-
tion. 1In order to fully assess the effect of aging degradation on motor com-
ponents it was important that the material behavior of the various organic or
inorganic components be characterized.

The extent of aging degradation for insulating materials is indexed by
evaluating dielectric and mechanical properties: dielectric properties in-~
clude dielectric strength, dielectric constant, dissipation factor, and vol-
ume/surface resistivity; mechanical strength is characterized by resistance to
tensile or shear stress and the corresponding amount of material elongation,
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The dielectric and mechanical strengths of most materials decline with in-
creases in temperature, time, and thickness. Changes in the normal values of
these can be indicative of abnormal conditions such as the presence of mois-
ture, changes in temperature, short circuiting of conductors, or the grounding
of terminal leads.

One of the most critical mechanical loads which can promote degradation
is vibration and is often caused by coupling misalignment, rotor imbalance,
loose parts, and seismic events.

Remaining stresses to be discussed have their most significant effects on
insulation and therefore motor dielectric integrity. Chemical oxidation re-
duces the tensile strength of insulation while alsu making it brittle. High
temperatures and moisture concentration reduce both electrical insulating
properties and insulation tensile strength. Exposure to radiation adversely
affects electrical and mechanical 1insulation properties by causing
embrittlement.

Potential seismic damage to motor components is primarily mechanical and
inertia-related, Inertial failures are always associated with the size of the
mass and the vibration acceleration and consequently many small components of
a motor can be excluded from seismic performance consideration, However, dam-
age can also be caused by seismically-provoked conditions such as dislodged
objects falling on the motor. Since aging-related degradation is complex in
nature, the correlation of aging with seismic effects is difficult to qualify
and quantify. A method has been suggested based on the mechanical failure of
weak-1ink motor components in consideration of the environmental, service
wear, and cyclic mechanisms. Based on the review of seismic test data and
actual earthquake effects it appears that for small electric motors, seismic
effects should be minimal providing motor dielectric, rotational, and mechan-
ical integrities have been properly maintained.

S.4 DATA EVALUATION AND ASSESSMENTS

LER, IPRDS, and NPRDS data provide the most complete information avail-
able to date on actual nuclear power plant motor failure and therefore provide
the primary basis for the assessment of common failure modes, mechanisms,
causes, and the associated frequency. Other sources of information utilized
include NPE, EEI, and EPRI reports as well as actual experience relayed by
motor maintenance and design specialists and motor manufacturers. A thorough
analysis of operating experience necessarily requires a review of incipient,
partially degraded, and catastrophic losses of motor integrity.

Analysis of the LER data provided the following:

* Motor failures that occur inside of the defined motor boundary are
significantly greater than those that occur outside the boundary.

* For BWR systems, pump and valve motors are equally prone to failure
during normal plant operation, whereas for PWR systems pump failures
are more likely to occur.
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An IPRDS data review revealed the following:

. Pump motor fiailures are often control related.

* The stresses caused by continuous operation in a motor have less
deleterious =:ffect on aging and service wear than intermittent or
infrequent operation.

* Vibration and moisture in-leakage are the prime causes of motor
failure.

® Most reported pump and valve motor failures are catastrephic (Note:
This indicated that incipient failures are not being identified.)

A comparison of NRC licensee SALP (Systematic Assessment of Licensee Per-
formance) ratings with LER motor failures indicates that licensees receiving
below average maintenance ratings also experienced a comparatively higher num-
ber of motor failures. This condition demonstrates that improved preventative
maintenance could prolong motor life and reduce the overall number of
failures.

A review of additional data sources utilized served to reinforce fore-
going conclusions:

* Motor failures typically occur, and are detected, while the machine
is in the operational modes.

. Most degraded motor conditions are either in advanced stages or have
resulted in catastrophic failures.

o Stator grounding and bearing related problems are the primary causes
of motor failures.

S.5 FAILURE MODES, ME/'HANISMS AND CAUSES B

All of the previously outlined efforts enabled the identification of po-
tential failure modes, mechanisms and causes. (Note: This information is de-
tailed and the reader is encouraged to review Table 4-15 of the report. This
table identifies the potential for aging and aging-seismic effects, and the
probability of occurrence.)

S.6 CONCLUSIONS

During motorized system operation key parameters can be utilized to gen-
erally assess motor integrity. Various performance or functional indicators
serve to characterize the behavior of anv electric motor, and when normal val-
ues for these parameters are observed to adversely change, the incipient stage
of degradation potentially leading to ultimate failure is occurring. There-
fore, characteristic parameter performance can be linked to failure modes,
mechanisms, and causes that are representative for all types of motors,

Predominant motor failure modes are associated with the stator insulation
system and the bearings. The failure mechanisms for stator insulation include
degraded mechanical and electrical strength, shorted windings, loose
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laminations, wedges (etc.), overheating and burned windings, corona or ioniza-
tion, and corrosion of electrical connections. Failure mechanisms for bear-
ings are overheating, cracking, scoring, corrosion, and lubrication problems
(i.e., too much, too little, loss of properties).

The performance or functional indicators for stator insulation include
temperature, vibration, current, voltage, power factor, polarization index,
and insulation resistance. The performance or functional indicators, for
bearings are vibration, temperature, and lubrication properties (by analysis).

Another area of failures can be classified as miscellaneous. The items
to be observed in this category include loose bolts, coupling or anchor bolts
which could cause vibration, environmental contamination, damaged seals or
gaskets which lead to oil or water leaks, faulty protective equipment settings
which could cause overloading or overheating, malfunctioning space heaters
which would allew moisture buildup, poor operation, and worn commutator
brushes. The functional indicators in this category are (as applicable)
vibration, evidence of corrosion and wear, cracks, and leaks.

Figures 6-2, 6-3 and 6-4 present the preceding discussion of failure
modes, mechanisms and performance indicators in greater detail.

It has been established through analysis and independent testing that for
at least certain small induction motors (approximately 10 hp), seismic effects
should be minimal providing motor dielectric, rotational, and mechanical
integrity have been properly maintained. However, the definition of proper
maintenance remains as an area requiring further research as does motor aging-
seismic susceptibility.

S.7 FUTURE WORK

As a natural outgrowth of the work performed to date, and in accordance
with the NPAR program strategy, the following future work is planned:

. To finalize the identification of critical performance indicators.

. To review advanced inservice inspection, surveillance and monitoring
techniques.

«+ To establish in-situ testing methods as necessary to corroborate
other related findings.

+ To identify and recommend acceptable motor maintenance practices
which can be undertaken to mitigate the effects of aging.

*+ To expand Aging-Seismic correlation studies to assess all sizes and
types of motors.

. To provide recommeadations for standards and guides, with specific
emphasis on IEEE Std. 323, 344 and 627.
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1.0 INTRODUCTION
1.1 BACKGROUND

Nuclear power generating stations utilize electric motors as vital system
components both for the performance of normal operations as well as for the
accomplishment of safeguard functions when required for limiting the potential
for radioactive release due to abnormal events. It is therefore, imperative
that motors remain capable of driving required loads.

Despite on-going improvements in the design, manufacture, and maintenance
of electric motors, failures continue to occur, often for “"unknown" reasons.
A necessary remaining requirement, then, is to detect defects in order that
decline in performance be ascertained in the incipient stage rather than after
the fact following catastrophic failure.

Research efforts to date by the Electric Power Research Institute
(EPRI)[l‘zl and the Edison Electric Institute (EEI)(3] as well as by
others(4=11] haye produced a wealth of statistical data and failure informa-
tion relative to the endurance and stressors of electric motors in various in-
dustrial seitings. However, a distinct focus on aging, service wear, and the
potential for degradation due to seismic effacts has remained as an unchar-
tered topic of significant importance for consideration in the complete evalu-
ation of operatin” reactor motor reliability.

Numerous motor types and sizes are required for a typical power plant in-
cluding both alternating-current (ac) and direct-current (de) types fur Motor
Operated Valve (MOV), pump, fan, and miscellaneous applications. This study
includes all relevant types and sizes of motors critical to plant safety. Ex-
cluded are fractional horsepower motors, such as those used for control room
strip-chart recorders.

The endurance of an electric motor is dictated by its ability to maintain
dielectric, rotational, and mechanical integrity while withstanding the opera-
tional and environmental stresses, Although service wear is often visually
evident, the time-related degradation effects of aging are not as apparent and
furthermore, the ability of a naturally aged motor to withstand high-excita-
tion seismic forces which was evaluated as part of this research effort has
not been previously examined to a significant degree.

The NRC Office of Research, Division of Engineering Technology, Electri-
cal Engineering Branch has instituted a comprehensive long-range research pro-
gram intended for diagnosing and evaluating the effects of equipment aging.
The program, entitled Nuclear Plant Aging Research (NPAR), ultimately seeks to
improve the operational readiness of selected components that are vital to
nuclear powver generating safety.

This report encompasses an aging and seismic endurance assessment of
electric motors based primarily on a review of operating experience. The por-
tions of the NPAR scope that have been completed through this Part I effort
are delineated in Figure 1-1.
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1.2 OBJECTIVE

In accordance with the NRC -~ NPAR program plan, the following are the
primary goals of the study:

1. To identify and characterize those aging and service wear effects
associated with electric motors that are likely to impair plant
safety.

2, To identify and recommend methods of inspection, surveillance, and
condition monitoring that will be effective in detecting significant
aging conditions such that proper maintenance or replacement can be
implemented prior to loss of safety functions.

3. To identify and recommend acceptable maintenance practices that can
be undertaken to mitigate the effects of aging, and to diminish the
rate and extent of degradation caused by service wear.

Motor aging can be categorized as normal versus premature and it is
therefore necessary to distinguish between those conditions caused by typical
operating and environmental stressors as opposed to those resulting from mis-
application, inadequate design, improper assembly, incorrect installation,
abusive operation, or insufficient maintenance. It is to be noted that aging,
within the context of this report, is defined as cumulative changes in motor
integrity that occur with the passage of time. These changes can affect phys-
ical, electrical, and other properties, as well as component dimensions and
corresponding relative positions within the motor housing.

1.3 SCOPE

Figures 1-2 and 1-3 depict the parts and components of typical ac & dc
electric motors which consist of a stationary energized field (stator), a ro-
tating element (rotor), alignment supports (bearings), and also various acces-
sories which may include capacitors, instrumentation sensors, electric heat-
ers, a cooling fan or heat exchanger, a terminal box, and a protective housing
incorporating anchoring hardware. Throughout this report, the aforementioned
components are considered to be within the motor boundary. The motor control
center (MCC), service water system (where applicable), and the motor-driven
application equipment are considered outside of the boundary but are included
in the analysis of motor reliability to the extent that they can influence or
directly contribute to motor failure. Figure 1-4 schematically depicts typi-
cal safety-related motor positions.

Environmental, operational, and accident-related stressors are considered
for evaluating the system or component-level parameters that can affect motor
performance. The environmental stressors include potential conditions of
temberature, pressure, humidity, radiation, and chemical spray. Other effects
include mechanical overloading, stator overheating, the introduction of mois-
ture from external sources, and resulting insulation failure. The synergistic
(combined) effects of stressors are addressed to the extent possible from
existing literature. Aging-seismic correlation is discussed based on the
Nutech report [12]’ EPRI findingn[l3], and the conclusions of the Senior
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Seismic Review & Advisory Panel, SSRAP and the Seismic Qualification Utility
Group, SQUG[14]. Test results for naturally aged motors and a review of re-
cently published reports on the subject are included in the study as well.

The motor failure data base utilized for the evaluation of operating ex-
perience was extracted from the following sources:

l. Licensee Event Reports (LER)

2. In-Plant Reliability Data System (IPRDS)

3. Nuclear Plant Reliability Data System (NPRDS)
4. Nuclear Power Experience (NPE)

In evaluating the data from these sources, a failure was concluded for any
event in which the motor was unable to deliver the required action upon de-
mand., Based on the given description of the motor failure, subjective assess-
ment of the reason was made wherever required due to a lack of adequate infor-
mation so as to determine typical modes, mechanisms, and causes for the
malfunctions.

Electric motor design and specification references utilized for analyzing
the operating experience data base and for evaluating the suitability of exis-
ting standards included reports by the organizations given below:

1. Institute of Electrical and Electronics Engireers (IEEE)
2. National Electrical Manufacturers Associatioa (NEMA)

3. American Society for Testing & Materials (ASTM)

4, American National Standards Institute (ANSI)

The standards and guides provide criteria for motor manufacturing and testing,
although not specifically with regard to aging and seismic endurance design
and on-line assessment. For example, ANSI, NEMA, and IEEE provide detailed
information on terminal marking, component dimensions and tolerance, power
ratings, inherent frequency limits and instructions for the performance of
diagnostics such as high-potential tests, but the standards do not actually
address time-related degradation effects and prescriptions for identifying
fragility limits.

Other data sour.es employed for the evaluation of operating experience
include maintenance recommendations provided by motor manufacturers, In-Ser-
vice Inspection (ISI) reports, NRC-Inspection & Enforcement (I&E) plant and
vendor inspection findings, and expert knowledge. A complete list of referen-
ces is included with this report, and in addition, applicable standards,
guides, and codes are given in Appendix A.

1.4 STRATEGY

Following the selection of motors as a vital component for safety analy-
sis consideration and the subsequent identification of the relevant boundary,
it was then appropriate to survey all possible data sources detailing motor
failures. As noted, LER, IPRDS, NPRDS, and NPE data provides the most perti-
nent data base for nuclear power plant operating experience review. In the
interest of obtaining as much information as possible on motor stressing con-
ditions and resulting materials degradation, however, other data sources out-
lining nuclear as well as non-nuclear motor application failures were utilized
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such as the EEI-Motor Malfunction Sunmary[3]. All relevant quantitative and
qualitative information was systematically categorized by equipment appli-
cation, and where possible for nuclear plant malfunctions, by safety system,
Nuclear Steam Supply System (i.e., PWR or BWR)*, and by plant operating status
at the time of failure (e.g., Mode-1; operational testing; etc.). To the fur-
thest extent possible, reported failure instances were evaluated to deduce
failure modes, mechanisms, and causes.

In order to adequately perform the evaluation of operating experience it
was necessary to acquire a practical knowledge of motor design, construction,
and testing in order that cited failure modes, mechanisms, and causes could be
fully understood from the licensee point of view as described in the LER,
IPRDS, NPRDS, and NPE data base. A tour of a motor manufacturing and service
facility provided insight into the significance and imperativeness of ensuring
dielectric, rotational, and mechanical integrity. Discussions with insulation
testing specialists provided the perspective necessary for evaluation of
condition monitoring and preventative maintenance options based on the identi-
fication of failure-prone critical sub-components and associated materials.

Expert knowledge and industry-practice experience was sought through dis-
cussions with Franklin Research Center, EBASCO services, Doble Engireering
Company, and nuclear as well as fossil power station maintenance personnel.
The objective of these discussions was to analyze and diagnose the aging and
service wear causes of common-mode motor failure and to thereby identify suit-
able inspection, surveillance, condition monitoring, testing, and maintenance
practices. As an additional measure for evaluating motor performance while
under the influence of external forces, two 10-HP motors employed for 12 years
in a nonuclear power plant application were electrically and seismically
testedl15],

The foregoing strategy and corresponding activities providing the funda-
mentals required for the evaluation of operating experience and comprehensive
aging assessment will serve as the basis for the recommendations for inspec-
tion, surveillance, and monitoring methods and also for the application guide-
lines to be developed in Parts II and III of the study.

Motor construction is discussed in Section 2,0, and characteristic plots
of material properties with corresponding endurance limits are given in Sec~
tion 3.0 during the review of aging mechanisms. Section 4.0 discusses perfor-
mance and functional indicators with emphasis placed on the importance of
motor ventilation, insulation, temperature, lubrication, and on minimizing
internal as well as external sources of vibration. An interim review of com-
mon inspection, surveillance, and condition monitoring techniques including a
discussion of current technology and regulatory inspection requirements is
given in Section 5.0. Conclusions and projections of the future work are pre-
sented in Section 6.0.

* PWR: Pressurized Water Reactor
: Boiling Water Reactor
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As noted, Figure l-1 illustrates the approach employed to satisfy the
NPAR objectives. During the first-phase of the research an evaluation of
operating nuclear power plant experience, the performance of comprehensive
aging assessment, an abbreviated treatment of current inspection, surveil-
lance, and condition monitoring techniques, and a preliminary review of manu-
facturer-recommended maintenance practices is accomplished. An in-depth anal-
ysis of advanced inspection, surveillance, condition monitoring and mainten-
ance practices will be fulfilled during the second-phase, and in the final re-
port, component life for maintenance frequency, recommended guidelines, and a
value impact study will be provided.
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2.0 RESEARCH BASIS & MOTOR CHARACTERISTICS

This section identifies the sources of failure-related information, con-
stituting the research basis and also describes materials, construction, and
characteristics of motors. The analysis of the effects of stressors on motor
components is outlined in Section 3, and the relevant evaluation of failure
data is inec .uded in Section 4.

2.1 DATA AND INFORMATION SOURCES

Several nuclear power plant operating experience data sources are avail-
able at present., Although no single source contains all of the information
required for the study, each has been examined to derive the most useful and
pertinent elements related to motor failures. Due to limited access to al!
possible information sources as well as ever present time constraints encoun-
tered while accumulating the data, the following four previously intrciuced
compilations were utilized to the greatest extent:

. Licensee Event Reports (LERs)

. In-Plant Reliability Data System (IPRDS)
. Nuclear Piant Reliability System (NPRDS)
. Nuclear Power Experience (NPE)

A detailed explanation of the analysis procedure performed on each of the
above is provided in subsequent paragraphs. Other information sources (in=-
cluding studies sp~1sored by EPRI and EEI) are considered in the review. The
aging-seismic corre. - tion studies performed by SQUG and Nutech were evaluated
in order to establish if any evidence of seismically-induced motor failure
exists. The data base also includes numerous limited scope generic failure
research findings. Motor manufacturer recommendations, responses from repair-
facilities, in-service inspection data, expert knowiedge, NR-I&" audit re-
ports, and standards -ad guides published by the Institute of El. trical and
Electronics Engineer- (IEEE), as well as by others, represents the balance of
the data base.

2.1.1 Licensee Event Reports (LERs)

LERs[4-6] are reports of significant operational events at nuclear
power plants submitted to the NRC by licensees in accordance with federal reg-
ulations. The requirements and procedures for reporting of events on an LER
prior to January, 1984 were contained in individual plant Technical Specifica-
tions with additional guidance provided in NRC Regulatory Cuide 1.16, "Report-
ing of Operating Information" and in NUREG-0161, "Instri. ‘ons for Preparation
of Data Entry Sheets for Licensee Event Reports”., For events occurring after
January 1, 1984, LERs are submitted in accordance with the rule 1NCFR50.73,
"Licensee Event Report System”. Additional guidarce on this new rule is given
in NUREG-1022, "Licensee Event Report System - Description of Systems and
Guidelines for Reporting”. LERs submitted tc the NRC under both old and the
new systems are modified and processed into the computerized LER data file of
the Nuclear Safety Information Center (NSIC) maintained by Oak Ridge National
Laboratory.
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The old LER system was judged to be inadequate for data collection due to
a number of reasons, which included non-uniform reporting requirements for
various plants and a lack of information in the LER on the cause of component
or system failure. The new system requires more detailed and more uniform
reports of events judged to be reportable. However, a number of component
failure events previously reportable under the old LER rules are no longer re-
portable under the new rule. These events are to be reported to the Nuclear
Plant Reliability Data System (NPRDS) under INPO direction. The NRC is cur-
rently evaluating the performance of NPRDS for providing equipment reliability
data.

This study utilized computer-sorted LER abstracts from the NSIC LER data
files covering the 10 year time period from 1974 to 1983 inclusive. The file
was sorted to obtain motor failures and produced 190 LERs for Motor-Operated
Valves (MOVs), 242 LERs for motor-driven pumps, and 123 LERs for miscellaneous
motor-operated equipment (including fans and small samplers). Figure 2-1
illustrates the format and typical given information of two LER's for MOVs.

The motor-failure-sorted LER data base was reviewed by BNL and categor-
ized according to NSSS type (i.e., BWR or PWR), plant status at the time of
failure, operational characteristic of the motor and application equipment
(i.e., intermittent or continuous duty), and common failure mode. This data
base covers the wide range of horsepower ratings and overall motor sizes that
are utilized in the various U.S. nuaclear plant systems. Lacking, however, is
the total motor population or the power plants needed to determine failure
rates., Each LER description has been studied and based on subjective conclu-
sions drawn from the narrative, the failure has been classified as to failure
mode, effects from either outside or within the motor boundary, and as to a
number of other characteristics described later in the report.

2.1.2 In-Plant Reliability Data System (IPRDS)

The ORNL-IPRDS data base [7-8] was developed primarily for use in nuclear
power plant probabilistic risk assessment (PRA) and reliability studies. The
source of the data was a representative sample of commercial operating reactor
maintenance work request records.

Unlike other data accumulation systems, IPRDS is essentially a complete
failure record that delineates levels of severity (i.e., catastrophic, de-
graded, and incipient conditions) and includes both safety and non-safety
class equipment. The component identification, size, system, environment, and
operational mode are also included in the information, and the pump-related
data provides the repair record and category as shown below:

1. COMPONENT REPLACEMENT.
2. MINOR REPAIR.

3. MAJOR REPAIR.

4. RESET/ADJUST.

5. RECALIBRATE.

6. UNKNOWN.

Specific age-related failure information is not available from the IPRDS
data base. 1In fact, the failure and repair descriptions in this system are in
some instances condensed to the extent that considerable expertise is required
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to make an assessment of the event that occurred. Additionally, since the in-
formation applies to valve or pump failures overall, often it is difficult to
determiae whether a reporced malfunction is directly applicable to the motor
itself. For example, when a bearing failure condition is reviewed, the repor-
ted occurrence may be undistinguished between the motor bearings and the pump
bearings. In some IPRDS cases it is possible to retrospectively identify the
incipient stage o f degradation from maintenance work requests. The data spe-
cifically addresses particular generating units on a case-by-case basis in
contrast to the other motor failure information sources utilized. A total of
four nuclear power plants was included in the sort which represented two sta-
tions, each having a single Pressurized Water Reactor (PWR), and two other
stations having Boiling Water Reactors (BWRs) including a single station com-
prised of three units.

The IPRDS information used in this study addresses motor failures only.
The pump motor sort applies to all four plants while the valve motor (MOV)
sort applies to two of the plants, each having a single PWR or BWR unit. No
other metor-driven components were included in the IPRDS data base.

2.1.3 Nuclear Plant Reliability Data System (NPRDS)

NPRDSlgl. compiled by the Institute for Nuclear Power Operations
(INPO), contains both component engineering and failure information. The INPO
annual reports relay cumulative system reliability, and those used for this
study range from July 1, 1974 through December 31, 1982,

The primary purpose of the information is to provide safety-related sys-
tem operacing statistics for the purpose of evaluating and comparing reliabil-
itv performance based on modes and rates for components which in turn can be
used in the development of failure-mode-effects analysis, fault hazard anal-
ysis, and PRA studies. The NPRDS data base is designed to organize opera-
tional behavior information for nuclear plant safety systems and components.
The motor performance data includes type/category, application/function, fail-
ure detection method, and reactor status at the time of the failure., In addi-
tion to the annual reports, quarterly NPRDS component failure listings for the
year 1983 were examined. A sample copy of these data is shown in Fig. 2-2.

2.1.4 Nuclear Power Experience (NPE)

weell0] 45 a comprehensive accumulation of operating experience for
U.S. Light Water nuclear power plants compiled by S.M. Stoller Corporation.
The data are contained in several volumes which are cross-referenced and key-
worded for direct access and information retrieval. The summaries narrate the
entire sequence of a motor failure event which includes the date, source, or
cause of the failure and the repair record detailing corrective action. A
typical NPE motor failure report is shown in Fig. 2-3. The data is subdivi-
ded under components failure headings such as air deflectors, bearings,
brushes, end bells, fans, insulation, lubrication, overloads, starters, vibra-
tion, and windings. A total of 163 BWR and 193 PWR events related to motor
failures were examined. Of all the data sources utilized, NPE contains the
most in-depth background information concerning specific failures.
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Figure 2-2: NPRDS Motor Failure Data (Sample)

2.1.5 Published Reports

Electric Power Research Institute (EPRI)

An EPRI reportlll prepared by General Electric Company has evaluated
the reliability and performance of state-of~-the-art power plant motors with
regard to design and operational characteristics which offer the potential for
increased dependability and efficiency. The study surveyed 132 generating
units constituting 4800 low-to-medium voltage motors having ratings greater
than 100 HP. The results link failure causes to plant designers, utility com~
panies, and motor manufacturers and to the specific hardware applications.
However, the information is not exclusive to nuclear power plants.

Another useful and related document prepared for EPRI by NUS Corpora-
tion!2] provides the nuclear industry with motor lifetime predictions under
typical mild environment conditions. The report covers the period 1969
through 1979 and includes such information as annual motor malfunction trouble
rate and average motor service life.



45. EXCESSIVE CURRENTS DAMAGED RCP MOTOR -
REPLACEMENT REQUIRED

Zion 1 - June & July 75 - shutdown

The RCP's were being started periodically to assist
in venting the primary system. The |A RCP had been
running for ~ 3 hr and then was secured. After
about a 3 hr shutdown period it was restarted; it
was manually tripped ~ 1 min later because the
operator observed an apparent abnormality in pump
seal leakoff flow. The problem was resolved and
the pump was restarted ~ 5 min later. Startup
current was observed to drop off and stabilize
properly at the running value on the control board
meter. After a 34 sec run, the motor tripped on
instantaneous phase overcurrent; a phase unbalance
relay also operated, Initial inspection of the
motor indicated some possible coil displacement and
the presence of what appeared to be pieces of
insulation on top of the windings. Fxamination
showed A Pto be grounded.

Because there were too many unknowns assocliated

with a repair they decided to replace the motor. W

located a 7000 hp motor at Salem that could be

adapted to 2ion. The motor arrived on site 6 days

after the failure. To adapt the Salem motor several

alterations were required; among them were:
-rerouting of the & kV leads.

-repiping of cooling water to oil cooler.

-mating the Salem motor bearing T/C's to the
Zion RTD system,

~accomplishing 3 pump modifications.

-an 18 ft square hole had to be mined through

a 4ft concrete shield to allow for replacement.

The mctor was installed and they were rcady for
startup within 10 days.

The failed motor was disassembled, decontaminated and
shipped to W for evaluation of the failure. The
damage included:

=> 50% of the upper end-ring rotor bar
connections were broken. They were brazed
connections and extensive melting of the brazing
had occurred. The appearance of the puddles
suggested that they were molten when the rotor
was at rest.

=The nolse suppression bands over the upper
rotor bar were missing and had come off in
operation.

-Several stator coils had moved radially and
circumferentially and had strands burned
through adjacent to the iron,

W postulated that sometime in the motor's life a
start was attempted under locked rotor conditions.
The excessive currents caused the brazing alloy to
melt and weakened the noise suppression banding. The
banding became loose during subsequent starts and
then whipped around and stripped or abraided
iosulation off the stator colls. Arcing ultimately
occurred in A phase between the coils and the stator
iron fingerplates.

Zion personnel could find no physical evidence to

support ever having had a locked rotor; the seals

and motor bearings showed no such evidence. Plans

were to disassemble and inspect a motor in the

future to determine the specific cause of the failure.
(czr, c2s, dem)

Figure 2-3: NPE Motor Failure Description (Sample)
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Edison Electric Institute (EEI) Report

EEI has developed a data base of motor malfunctions for various indus-
triesl3 , including nuclear power generati.n, which focuses on motor sizes
ranging from 250 HP and above. The 1982 aunu~l report on apparatus trouble
summaries which has been utilized for this includes detailed information per-
taining to motor failures and the results given are in full agreement with
trends observed from other data sources.

Society for Reactor Safety, Germany - (GRS)

The objective of the GRS reportlll] was to develop data on foreign com-
ponents and systems to the degree of detail necessary for risk and reliability
analysis. This informaticn includes equipment items such as valves, valve
drives, gears, electric motors (including solenoids), and pumps. Characteris-
tic operational conditions have been evaluated in this report so as to assess
the extent of the influence on failure rates and modes.

For electric motors, the data includes six specific motor types pertain-
ing to 1062 pieces of operating equipment from 38 manufacturers. Out of the
total population, 979 are either low-voltage polyphase-asynchronous motors,
short-circuit rotors, or generators.

Aging-Seismic Correlation Studies

An original agin§-seismic correlation evaluation was performed for EPRI
by Wyle Laboratori<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>