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ABSTRACT

This report presents the results of a review of the Reactor Trip System (RTS) and the
Engineered Safety Feature Actuating System (ESFAS) operating experiences reported
in Licensee Event Reports (LER)s, the Nuclear Power Experience data base, Nuclear
Plant Reliability Data System, and plant maintenance records. Our purpose is to
evaluate the potential significance of aging, including cycling, trips, and testing as
contributors to degradation of the RTS and ESFAS. Tables are presented that show
the percentage of events for RTS and ESFAS classified by cause, components, and
subcomponents for each of the Nuclear Steam Supply System vendors. A representa-
tive Babcock and Wilcox plant was selected for detailed study. The U.S. Nuclear
Regulatory Commission's Nuclear Plant Aging Research guidelines were followed in
performing the detailed study that identified materials susceptible to aging, stressors,
environmental factors, and failure modes for the RTS and ESFAS as generic instru-
mentation and control systems. Functional indicators of degradation are listed, test-
ing requirements evaluated, and regulatory issues discussed.

FIN No. 6389—Nuclear Plant Aging Research on Reactor Protection Systems




EXECUTIVE SUMMARY

Operating experiences of nuclear power plants
were evaluated to determine the significanc? of
service wear on equipment due to aging (including
testing, cycling, and trips) and the possible impact
of service wear on safety. Generic instrumentation
and control channels of the Reactor Trip System
(RTS) and Engineered Safety Feature Actuating
System (ESFAS), which together make up the Reac-
tor Protection System (RPS) were selected for
detail study. This work is part of the U.S. Nuclear
Regulatory Commission’s (USNRC’'s) Nuclear
Plant Aging Research (NPAR) Program and fol-
lows the NPAR guidelines.

The NPAR guidelines provided the framework
through which the effect of aging on RPS was studied.
The products asked for in the NPAR guidelines
include:

1. Preliminary identification of susceptibility
of materials to aging

2. Siressors and related environmental fac-
tors causing aging degradation

3. Failure modes experienced during opera-
tion and their causes

4. Functional performance indicators

5. Current inspection, surveillance, and
monitoring niethods

6. Current maintenance practices.

Data sources used include Licensee Fvent
Reports (LERs}, the Nuclear Power Experience
(NPE) data base, Nuclear Plant Reliability Daia
System (NPRDS), and material from an operating
nuclear plant supplied by a utility (including per-
sonnel interviews).

The LER review covered 6 years of data from the
Idaho National Engineering Laboratory (INEL)-
developed instrumentation and control (J&C) LER
data base. Events were classified by time in service
(age) and frequency of use (demand). About 25%
of the events were demand-related. A portion of the
demand-related events can be attributed to testing,
eycling, and trips. The demand-related events here
are those reported in the LER,

The NPE data-base events covered anproxi-
mately a 25-year period and in. uded LERs as well
as other information available in the public
domain. The data from NPE were grouped by the
Nuclear Steam Suppiy System (NSSS) vendor In
this way, there are enough events to be representa-

iii

tive; the numoer of failures as reported per plant
were too few to be statistically significant.

The NPRDS data were limited to the
Westinghouse and General Electric p'ants for
which RTS data were available. The aging fraction
(ratio of aging-related failures to total number of
failures) was determined for the various RTS com-
ponents.

Results from the NPE review of the RTS indicate
that components associated with pressure measure-
ments experience the highest number of failure events
for all NSSS vendors, except General Electric (GE).
Measurcments using level transducers had the most
failure events for GE, with pressure second. At the sub-
component level, the five categorics with the highest
number of system events were: sensors and transmit-
ters, electronic parts, bistables, breakers, and power
supplies. About 55% of the sensor and transmitter
events were due to drift. Towal sensor failure was only
2.7% of the events. Operator and maintesance error
top the list for causes followed by 1&C ¢ ‘mponent fail-
ure, design ertors, mechanical wear, and arift. Approx-
imately 49.3% of the events for RTS were potentially
aging related. Potentially aging related mean., that
agir:3 could be a contributing cause, but actual root
cause was not always determined in the data base.

Data from the NPE and LER data base: pro-
vided information on components that were
invoived most frequently in RTS and ESFAS faults,
as well as a summary of causes fo- the events. How-
ever, these data bases seldom provide actual mea-
sured values of analog parameters which are
needed to establish trends relaiing to component
degradation or aging studies.

Generic channels selected for detailed study
included the input instrumentation channels, with
associated analog and logic components, that are
part of tne RTS and ESFAS for & representative
Babcouck and Wilcox (B&W) plant. One-line dia-
grams a'¢ presented for each channel along with
engineering data related to aging for each of the
major components. Materials subject to aging are
identified for the major RPS componeats located
in containment.

While this report primarily covers the actuating
part of the RTS, scram breakers are included in the
data summary tables. A discussion of scram breax-
ers is included in appendix B.

Actual plant records evaluated included drawings,
operating and maintenance (O&M) manuals, and
O&M records. The greater detail available from plant



records is helpful in aging studies. For example, the
plant corrective maintenance (CM) summary records
listed about 31 work requests for the RPS over a4-1/2-
year period. The LERS had nine events and NPE had
seven events for the same 4-1/2-year peried. The
NPRDS listed eight failures from February 10, 1982, to
April 25, 1985, and CM had twenty-two items for this
same period. See Appendix A for a detailed evaluation
of the data sources.

One of the ob,ectives in this study was to identify
functional indicators of degradation that may
occur during plant life. However, events from the
data sources are essentially point sources 25" i i
tional information is needed to establish trends.
Once trends are established, indicators of degrada-
tion ¢an then be observed from changes in continu-
ous or periodic measurements, On-site test and
calibration records include analog values, as-found
and ac-left, which may be used for limited trend
studies.

Essential auxiliary systems for the RPS are the
Class 1E power system and the heating-ventilating-
air conditioning system. The loss of electrical
pewer would trip the channel. The effect of loss of
air-conditioning is uncertain and depends on many
factors, including system design.

Regulatory issues related to RPS are discussed,
which include design requirements, life extension,
equipment qualificaiion, cables, and testing
requirements.

Testing requirements in the standard technical
specification, regulatory guides, and Institute of

Electrical and Electronic Engineers (IEEE) stand-
ards were reviewed to determine whether functional
indicators are adequately monitored. it was found
that curr- at testing requirements do not demand
condition-monitoring-type data be collected, other
than verifying setpomt values and actuating-
response times. Condition-monitoring data is
defined as measured parameter values that could be
used for trend analysis.

Four aspects of the current testing requirements
are of concern in assessing the adequucy of the pro-
gram. These are: testing frequency, type of data
collected, testing relationship to preventive m. inte-
nance, and response-time testing.

A significant number of trips are due to testing,
as compared to actual trips required in performing
safety funictions. This results in cyclic azing. How-
ever, the amoun: of wear is difficuit to quantify and
the effects on plant operatien are minimal due to
redundancy of channels. Usually, only ore channel
is inoperable when a fault occurs. The effect
plant operation is that the trip logic will then be put
into a 1-out-of-3 mode instead of the 2-out-of-4
normal operation mode. Thus, the faulty channel
is bypassed until repairs are completed. Where pre-
ventive maintenance is practiced, the potential
safety significance of mechanical component wear
is furtner reduced. A good maintenance program,
when implemented (coordinated with testing)
almust makes aging a nonproblemi on redundant
systems such as RPS, because the periodic rejuve-
nation does not allow the system to grow old.
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NUCLEAR PLANT-AGING RESEARCH ON REACTOR
PROTECTION SYSTEMS

INTRODUCTION

The U.S. Nuclear Regulatory Commission
(USNRC) initiated the Nuclear Plant-Aging Research
(NPAR) Program to obtain a better understanding of
how degradation due to aging of key components
could affect nuclear plant safety if not detected before
loss of functional capability, and how the aging process
may change the likelihood of component failures in
systeis that mitigate transients and accidents and,
therefore, reduce safety margins. the possibility of
aging degradation causing such events to be initiated is
also a concern.

The subject of this report is an in-depth engineer-
ing study of the Reactor Protection System (RPS)
to achieve NPAR goals as stated in NUREG-1 144!
These goals are to:

1. ldentify and characterize aging and service
wear effects associated with electrical and
mechanical components, interfaces, and
systems likely to impair plant safety

2. ldentify and recommend methods of
inspection, surveillance, and condition
monitoring of electricat and mechanical
components and systems that will be effec-
tive in detecting significant aging effects
before loss of safety function so that
timely maintenance and repair or replace-
ment can be implemented

3. Identify and recommend acceptable main-
tenance practices that can be undertaken
to mitigate the effects of aging and to
diminish the rate and extent of degrada-
tion caused by aging and service wear.

The NPAR Program is being conducted at sev-
eral national laboratories, including the ldaho
National Engineering Laboratory (INEL). Other
work at the INEL related to this RPS aging study
includes an aging failure survey of light water reac-
tor safety systems and componemsz and the devel-
opment of technical criteria for use in assessing the
residual life of .he major light water reactor (LWR)
componcms.3 The aging failure survey work identi-
fied safety systems signidicantly affected by aging
phenomenon, of which RPS is included, and calcu-
lates unavailabilities and iisk. Although many

component failures were identified in the aging fail-
ure survey, the actual RPS system failure occurred
only in 0.2% of the component failures. This is due
to channel redundancy and priority maintenance.
Cables and connectors in containment are listed as
one of the top 11 major LWR components that are
important to life extension in the residual life
assessment overview, Cables and connectors are
also important components in the RFS.

This study addresses the system aspects of RPS
and materials susceptible to aging in components
associated with RPS. Specific components, such as
pressure transmitters, platinum resistance ther-
mometers, breakers, relays, and electronic compo-
nents have been extensively studied by other
laboratories for aging effects, equipment qualifica-
tion, an i radiation effects -6 Operating experi-
ence from generic data bases and plant records on
the RPS are complemented by data from the com-
ponent siudies where applicable.

The RPS includes both the Reactor Trip System
(RTS) and the Engineered Safety Features Actuat-
ing System (ESFAS). The RPS was studied because
of its control importance in initiating all support
system functions in the plant safety hierarchy. The
understanding of RPS, and any aging-related deg-
radation of that function, is a prerequisite to under-
standing system interactions within the safety
hierarchy.

Information sources used inciude: the Nuclear
Power Experience (NPE) data base, Licensee Event
Repo.is (LERs), Nuclear Plant Reliabilityv Data
System (NPRDS), plant design information anc
specifications, operation and maintenance (O&M)
manuals and procedures, historical records, site-
event records, and site interviews with maintenance
personnel. The detailed study on RPS is based on a
representative Babcock and Wilcox (B&W) plant.
Specific plant information was supplied by Duke
Power Company.

Figure 1 is a diagram from Reference 7, modified to
show system boundaries for equipment to be included
in the RPS aging study. This siudy includes the instru-
mentation and control (1&C) part of the RPS, which
provides automatic safety control actuation functions
and is shown inside the short dashed-line boundary.
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Scram breakers a2re included only to the extent that they
affect the system. Other studies have extensively cov-
ered breakers (see Appendix B). Specifically, the focus
is on actuating functions (sensing, signal processing,
comparison, and logic) excluding other 1&C functions
(actuation, general control, alarm, and indication).

This work on RPS was started initially to study
the effects of testing cycles and trips on system deg-
radation, because test cycling was believed to be
wearing out equipment. However, it soon became
apparent that testing, cycling, and trips were just
one aspect of the aging process; thus, this study
became part of the aging program.

"o

Simplified diagram showing boundary for generic RPS aging study.

The information from the various data bases is
presented in the section on review of operating
experience. This is follewed by the RPS detailed
study, which has subsections on senscrs, cables,
penetrations, RTS, and ESFAS. Essential auxiliary
systems and interfaces are discussed briefly. Regu-
latory issues, adequacy/inadequacy of the current
testing program, and products for the NPAR Pro-
gram are covered next, followed by rhe conclusions.

An evaluation of information sources for aging
research on reactor protection systems is given in
Appendix A. Scram breakers are discussed in
Appendix B and relays in Appendix C.



OBJECTIVES

The objectives of this study are:

!J

A

Review operating experience and practices
of commercial nuclear power plants to
determine the significance of aging as a
contributor to degradation of RPS.
Perform 2 detailed generic study of the
RTS and | SFAS for a representative pres-
surized water reactor (PWR) using the rep-
resentative plant’s design information,
specifications, O&M manuals, and histori-
cal records. For each type of instrument
channel used in these systems, identifyv the
materials and components that experience
degradation due to aging in the various
plant environments and operating modes.
Identify the essential auxiliary support
systems for the RPS,

Review regulatory issues pertinent to the
RPS and tk~ utilization of research results
in the regulatory process, includ ng rele-
vant standards and technical specifica-
tions,

Assess the adequacy/inadequacy of cur-
rent testing programs based on findings in
the above tasks.

Based on the information collected on
RPS from the various data bases, plant

records, and site visits, summarize the
products asked for in the Phase 1| NPAR
guidelines. These are:

a. Provide preliminary identification of
materials susceptible to aging degradation.

b. Determine stressors and related environ-
mental factors causing aging degradation
for both normal operation and accident
conditions.

¢. Identify failure modes experienced during
oneration and their causes.

d. Identify functional indicators of degrada-
tion that may occur during plant life due to
aging.

e. Determine the current inspection, surveil-
lance, and monitoring (ISM) methods.

f.  Determine the role of current maintenanc 2
practices in mitigating the effects of aginz.

The information from the various data base s is
presented in the section on review of operziing
experience. This is followed by the RPS detailed
study, which has subsections on sensors, c¢.bles,
penetrations, RTS, and ESFAS. Essential #v <iliary
systems and interfaces are discussed briefly Regu-
latory issues, adequacy/ina ‘equacy of the current
tecting program, and products for the NFAR pro-
gram are covered.



REVIEW OF OPERATING EXPERIENCE

This review is put together from the LERs, the
NPE data base, NPRDS data base, plant records,
and nuclear plant maintenance personnel inter-
views. An evaluation of the various information
sources is given in Appendix A,

LER Data Base

The ldaho National Engineering Laboratory
(INEL) instrumentation and control (1&C) LER
data base contains information on LERs submitted
to the USNRC for a 6-year period covering 1976
through 1981. This information was encoded in the
NPRDS format for risk assessment and statistical
analysis, and (for the KTS/ESFAS study) was
sorted by system, Nuclear Steam Supply System
(NSSS) vendor, plant, and date. However, only
reactor trip is coded under the system category;
ESFAS is not. For this reason, only the RTS system
data were used from this source.

A total of 945 events was reported involving
PWR trip systeris and 456 events for boiling water
reactor (BWK_ _ip systems. The average number of
events for RTS per nlant per year is shown in
Table 1 by NSSS vendor.

The leading causes for RTS events are listed in
Table 2. Although percentages vary, the top five
causes are the same for PWRs and BWRs. Drift is
the cause most often listed; piece part failure is sec-
ond. Testing is not listed as a cause, other than per-
sonnel error during testing.

wilts discovered by testing are 63%, while 34%
we, discovered during normal operations, and
other faults are 3%. The LER data base classifies
events as age-related (1ime in service), frequency-of-
use-related (demand), or no classification could be

made (other). For all LER data, the percent of
faults classified by frequency of use is 25%; by time
in service, 56%; and no classification, 19%. The
testing contribution to degradation is buried in the
demand classification. By sorting out all the
nonaging-related events (such as those caused by
maintenance, design, or personnel errors not
related to testing) and classifying them according to
either demand or time in service, the percentage of
demand-related events for each NSS5 vendor is
obtained as shown in Table 3. Because functional
testing is a demand-related event, a large portion of
the ever.ts in Table 3 could be attributed to testing.

Conclusions from Review of LER Data
Base. The INEL I&C LER data base contained
1,402 eveuts on RTS for all U.S. nuclear power sta-
tions over the 6-year period from 1976 to 1981, For
both PWRs and BWRs, the leadig cause for RTS
events was drift, followed by piece-part failure.
Testing was 1ot listed as a cause under the coding
system used. However, there was a classification for
demand-related events for which a large portion
could be attributed to functional tesiing. The
demand failure rate was defined as the probability
(per demand) that a component will fail to operate
when required to start, change state, or function.
Demand events accounted for 25% of all LER
events. On the average, there are about 4.6 RTS
faults per plant per sear and it is estimated that
there are about 100 demands a year due to testing.
Thus, the ratio of 100 (demands due o testing) to
104.6 (demands due to testing and faults) would be
the part of the demand events due to testing, this
would be (100 = 104.6) times 25% or about 24%
of the total events.

Table 1. anﬂborofRTwame‘m-mbmewndot

Trip System Faults Number of Plants

NSSS Vendor (average one plant/y) __inSurvey
W §.2 31
CE 6.5 8
B&W 2.6 9

GE 4.0

24




Table 2. LER event cause ranking for RTS events

Ranking BWR
1 Driftd
2 Piece part failured
3 Unknown
4 Personnel maintenance
s Electrical malfunction®
6 Leaking or blocked?
sensing lines

7 Environment
8 Dirty/binding/sticxing®
9 Defective procedure

10 Design error

11 Mechanicai malfunction

12 Personnel operations

a. Potentially aging-related.

3 PWR %
28.2 Driftd 54.1
22.5 Piece part failure? 11.6
20.1 Unknown 8.6
4.3 Personnel maintenance 6.
3.8 Electrical malfunction? 5.1
36 Defective procedures 3.1
3.1 Mechanical malfunction® 3.1
3.1 Dirty/binding/sticking® 2.0
2.8 Personnel operation 2.0
2.3 Fab/const/QC 1.8
2.2 Design error 1.1
1.9 Leaking or blocked® 0.4

sensing lines

Table 3. Percent demand-related faults for
each NSES vendor

Demand-Related Faults

NSSS Vendor (%)
GE 243
W 26.4
CE 25
B&W 28.0

NPE Data for RTS and ESFAS
Generic Study

NPE Data System Description. The NPE Auto-
mated Retrieval System was developed and intro-
duced in 1972 by the S. M. Stoller Corpora.ion at
Boulder, Colorado. This system contains informa-
tion on BWRs and PWRs available from the public
domain. As of June 1985, the NPE system con-
tained 24,355 articles on more than 50,000 events,
The indcx and key words are computerized, allow-
ing a rapid search of the system for specific articles
with titles and reference numbers to the hard copy
vo.umes. The system is updated monthly and
appears to be a convenient way to obtain generic
information on problem areas. However, the sys-
tem has no capability, at present, to retrieve compo-
nent information by the name of individual
vendors other than major NSSS.



Use of NPE for the RTG/ESFAS Study. The
NPE was used to obtain various computer sorts on
articles relating to RTS/FSFAS systems and compo-
nents, as well as NSSS and plants. The percent of artic-
les relating to a key word in the category being searched
is used as a rough indicator of problem areas. As with
any data base, inconsistencies in event reporting (from
the large number of sources) have to be taken into
account when interpreting the data.

From this data, one should be able to determine
what parts of the RTS/ESFAS systems are reported
most often as having problems, as well as the most
frequent causes and effects of the events. However,
degradation due to testing and aging are not listed
as a cause for the events. Thus, they have to be
inferred by subjective judgment from the other
causes listed.

The NPE data base search included approxi-
mately 25 years (1960 to June 1985), in which
2,487 events on RTS/ESFAS were reporied on all
operating U.S. nuclear plants. The percent of
articles (by year) is given in Table 4,

The RTS/ESFAS data base was sorted by NSSS
vendor because of the design differences between
the BWR and PWR (and among the three PWR
designs). The four vendors are General Electric,
Westinghouse, Combustion Engineering, and
Babcock and Wilcox.

For each of the NSSS vendors, the data base was
divided into RTS and ESFAS, The RTS data are
presented first.

Reactor Trip Systems. The NPE data base clas-
sifies the RTS as part of the I&C classification. The
RTS systems include manual or automatic reactor
trip channel actuation and consequent control rod
scramming on the following indications:

BWRs

Hi neutron flux

Hi reactor pressure

Hi drywell pressure

Lo reactor water level

Scram disch vol hi level

Main steam line hi R/A

MSIV closure

Lo condenser vacuum

Main turbine stop valve closure
Turbine Electrohvdraulic Control (EHC) valve fast
closure

Lo EHC oil pressure

Loss of RPS power

Mode switch in shutdown.

PWRs

Overtemp delta temp

Overpower delta temp

Hi neutron flux (power, intermediate, source
ranges)

+ /- neutron flux rate

Hi pressurizer pressure

Lo lo SG level

Lo FW flow

Safety Injection (SI)

RTS/RPS systems also include coolant loop RTDs.

The RTS events are sorted by component, subcom-
ponent, and cause. The percentages shown in the tables
are of the number of articles on RTS in the data base
for each of the NSSS vendors. These are:

1. General Electric (GE) 450 articles
2. Westinghouse (W) 663 articles
3. Combustion Engineering (CE) 275 articles
4. Babcock and Wilcox (B&W) 122 articles.

RTS Components. A summary of events
related to RTS components is presented in Table 4.
There are two columns under each vendor. The per-
centage for each major group of components is
given on the left. The percentages in parentheses on
the right of the column are a breakdown of the
major component group just above on the left. A
component is defined in NPE as the largest entity
of hardware for which data are most generally col-
lected. For example, a pressure-sensing channel
would be a component with the sensor, amplifier,
and signal conditioner being subcomponents. For
W plants, the events are fairly evenly distributed
over channels for pressure, fiow, temperature, and
level. The same is true for B&W, except pressure has
a higher percentage because of more pressure chan-
nels than temperature or level channels. Combus-
tion Engineering has more radiation events than
those for flow; GE has more events on level and
radiation than flow and temperature.

In addition to the 1&C components that apply
directly to the RTS as defined in this report, other
components from actuated or support systems such
as valves, pumps, and tanks are also included in
NPE as part of the RTS. The reason for this is that
the definition of RTS has varied over the years
among different NSSS vendors and utilities. For
example, the RTS (in B&W system descriptions) is
made up of components from the RPS and the con-
trol rod drive control system. For this reason, there



Table 4. RTS component summary

BWR

PWR

Component Selection Menu GE (%)

Instrumentation & Control 59 —

Pressare - (19)
Flow — )
Temperature —_ (2)
Level — (41)
Radiation Monitor — (18)
Position Indication — (4)
Heat Tracing B —
Under/Over Volt/Current - (2)
Protection
Other & Unknown — (1)

Essential Auxiliary Systems,
Interface Components, and
Other Components Listed
Under RTS in NPE Data
System

Electrical 11 —
Valves 19 —
Pumps 1 —
Tanks < —
Other, Misc, 9 —

Number of Articles 450

12 — I
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would be some variance in reporting components
associated with the RTS. Also, some events involve
multiple components and common cause. Approx-
imately one-third of the RTS events in the NPE fall
into component categories other than 1&C.

RTS Subcomponents. Table § depicts the
detailed failure events for subcomponent catego-
ries. While no one category stands out for all four
NSSS suppliers, the five highest categories overall
appear to be: sensors, transmitters, electronic
parts, bistables, breakers, and power supplies.
Sensing lines are also high for GE, W, and B&W
plants. While sensors and transmitters are ranked
high on the list of subcomponents, total failure of a
pressure transmitter for example, occurs relatively
infrequently. Drift accounts for 5% of the total
number of problems with pressure transducers and
total faillure occurs for only 15% of the events

reported for pressure transducer probrlems».4 The
measurement channel subcomponents are dis-
cuzsed further in the RPS Detail Study section of
this report.

RTS Cause. The causes for events reported in NPE
articles may be background, contnbutory, proxi . ‘e,
or root causes of the failures and irregularities that are
narrated. Primary and secondary causes are not distin-
guished. The various causes are listed in Table 6. For
GE plants, operator/ maintenance error is listed most
frequently. For W and CE plants, local 1&C failure is
the largest cause category. In B&W plants, the support-
systems failures are the most frequent cause. The cause
categories marked with an @ are directly related to
aging. More information is needed in some categories
to determine if aging or testing is the only cause. A part
of the operation/muintenance error is probably due to
testing, becauss testing is often part of maintenance.



Table 5. RTS subcomponent summary

Subcomponent

Sensors, transmitters
Electronic parts

Bistable

Breakers

T ower supply, fuse

Sensing line, instrument piping
Wire, cable, connectors
Diaphragm, stem, rotor, shaft
Relays

Switch, valves

Hardware, case, fasteners
Seals

Other, miscellaneous

Number of events

Table 6. RTS event cause summary

GE
(%)

21

= 9w

e B R R e -

450

16

L - S IV R - - e

8

CE
(%)

17
14

10
<l
13

w oD W 3 O

275

(")
12

12
13

10

oo 00w b

122

Cause

Operator, main.enance error

1&C component failure?

Design, construction error

Mechanical wear, broken, damaged or sticking®
Driftd

Short, grounding, arcing®

Support system failure (electrical, cooling,
heating, oil)

Fouling, blockage, foreign material
Environment (thermal, vibration, moisture)d
Overload, overpressure

Normal wearout®

Corrosiond

Other, miscellaneous

Number of ¢vents

a. Potentially aging-related items.
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Conclusions from NPE Reactor Trip System
Study. A significant fraction of the problems
have occurred in the pressure, flow, temperature,
level, and radiation monitoring 1&C components
of the RTS systems. The RTS subcomponents that
have contributed most often to these events
include: the sensors and transmitters; electronic
parts; bistables; breakers; and power supplies and
fuses. A wide variety of causes are listed for these
failures including the possible age-related causes
of: 1&C-component failure; mechanical wear, bro-
ken, damaged, or sticking; drift; short, grounding,
arcing; environment; normal wearout; and corro-
sion. Less than one-half of the event causes appear
t0 be age-related. Therefore, an unknown, but
somewhat smaller fraction of the total failures are
due to testing and cycling (because some of the age-
related failures are clearly not demand related).

Engineered Safety Features Actuating System
(ESFAS). The NPE data base also classifies the
ESFAS as part of 1&C. The ESFAS operates in con-
junction with the RPS to initiate the following
safety systems automaticaily:

BWRs

High Pressure Coolant Injection (HPCI)
Automatic Depressurization System (ADS)

Core Spray System (CSS)

Low Pressure Coolant Injection (LPCI) mode of
Residual Heat Removal

PWRs

Safety Injection (S1)

Containment Spray

Containment Isolation Actuation System
Boron Injection

Overpressure Mitizating System

The number of articles on ESFAS for each of the
NSSS vendors is: GE (448), W (484), CE (418),
and B&W (246). Many of the RTS comments on
Tables 4 through 6 also apply to the ESFAS tables;
thercfore, the ESFAS tables are discussed only
briefly nere.

ESFAS Components. As can be seen in
Table 7, the 1&C components (as defined in this
report) make up aboui $2% of the events under
ESFAS in the NPE data base. The events listed
under pumps, valves, electiical, and other are
gither supporting systems or actuated systems,

ESFAS Subcomponents. The ESFAS Sub-
component Summary (Table 8) breaks the items
into two categories: (1) those that apply dircctly to
ESFAS as defined in this report, and (2) those that
are part of the support and actuated systems. The
distribution of events seems to be spread over all
subcomponent groups, with none being a domi-
uant problen: area except GE bistables. However,
switches and breakers are lower for GE, so the 30%
for GE bistables in Table 8 probably includes
switches and breakers that were not separated out
in the reporting process.

ESFAS Cause. From the summary on causes for
ESFAS events (Table 9), it is interesting to note that
human errors in operation/mairtenance and
design/constructicn top this list, This data base
includes all plants from day one of operation.

Conclusions from NPE ESFAS Data. In gen-
eral, the events for components, subcomponents,
and causes are experienced by all NSSS vendors in
about the same proportion. Degradation due to
testing is not readily deduced from the data, but
rather is part of many ot the categories marked as
potentially aging-related in Table 9. Approximately
47% of the causes for ESFAS events are potentially
aging-related. A portion of the maintenance
human error is, no doubt, testing-related, because
testing is associated with maintenance activity,

Nuclear Plant Reliability Data
System (NPRDS)

The NPRDS was developed by the lipment
Availability Task Force of the Edison Eleaw.. nstitute
(EEI) in the early 1970s under the directioy of the
American National Standards Institute (ANSI), The
NPRDS was maintained by the Southwest Research
Institute under contract to the EEI through 1981. Since
January 1982, the NPRDS has been under the direc-
tion of the Institute of Nuclear Power Operations
(INPO). Before 1981, participation by utilities was
through voluntary agreements, and the system was
plagued by noncompliance. Since INPO took over the
NPRDS, they have been working to correct the incon-
sistencies and make other changes to iniprove the sys-
tem.

The NPRDS data for all W and GE plants were
compiled on RTS, and the aging fraction deter-
mined. Aging fraction is the ratio of aging-related



Table 7. ESFAS component summary

Component Selection Menu

Instrumentation & control

Pressure

Flow

Teraperature

Level

Radiation monitor

Position indication

Heat tracing

Under/over volt/current
protection

Otiher & unknown

Essential Auxiliary Systems
and Actuated System

Components Listed
Under ESFAS in NPE

Electrical

Valves

Pumps

Other, miscellaneous

Total number of events

BWR PWR

GE () W (%) CE (%) B&W (%)
58 — 47 - 52 — $2 -
- (38) - (21) — (36) - (25)
- (10) - (25) -~ (5) s (13)
-— (6) -— (4) o (14) s (<1
- (29) e (12) - 9) - (7)
- 2) = (6) e (7) - 9
- (n - (hH — — - (<1)
- - - (<1 - (2) —_ (<1)
- (<1) - (5) - (<1 — (4)
- (14) - (25) - 27 - (39)
6 — 14 - 13 —_ 12 -
£2 — 16 — 21 — 15 -
6 — 11 - 6 — 11 e
8 - 12 — e - 10 o

448 484 418 246




Table 8. ESFAS subcomponent summary

GE
Subcomponent (%)
Bistables 30
Sensors/Transmitters 4
Wire/cable/connectors 8
Power supplies, fuse 4
Electronic parts 4
Relays €
Sensing line 12
Scals 3
Supporting Systems
or Actuated Systems
Switches 4
Breakers 4
Actuator/drives 5
Moving internal parts 5
Hardware, moun’.ng 4
Indicators 1
All other 6
Number of events 448

B
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12

15

484

CE
(%)

13
11

"

11
11

418

B&W
(%)

10

14

N O




Table 9. ESFAS event cause summary

GE w CE B&W
Event Description (%) (%) (") (")
Operator/maintenance error 24 21 15 16
Design/construction error 11 13 15 15
Component failure? 10 10 17 6
Mechanical wear, damage 14 8 8 10
hardware broken, weld
failured
Short/arcing/ground® 10 7 8 15
Driftd 8 7 8 6
Environmental, moisture? s 9 5 8
thermal cycles
Electrical power, support systems 3 b 6 N
Fouling, clogging @ 5 3 6 5
foreign material
Overload 3 S 4 4
Normal wearout® 3 1 1 1
Corrosion® ] 1 1 1
Other 3 10 6 5
All other 6 6 2
Total number of events 448 484 418 246

a. Potentiaily aging-related events




failures to total number of failures for that compo-
nent. The resuits of this sort for the various types of
components in the RTS is shown in Table 10. The
overall total aging fraction for 3170 failures is
23.3%. This means 23.3% of the reported failures
were aging-related. Total loss of system function
occurred 6 times for the 3170 component failures.
This means that only 0.2% of the component fail-
ures cause a system failure. Data from the other
NSSS vendors were not compiled.

Plant Operating Experience from
Site Visits and Personnel
Interviews

An operating B&W plant was visited and site per-
sonnel inte<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>