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ABSTRACT

This report describes the metheJs, analyses, results, and con lusions of two differ-
ent aging studies. The first 9.tudy consists of a sursey oflight water reactor component
failures associated S.ith 15 setected safety and support systems. Analysts used com- Q
puterized sorting techniques to dassify component failures into gener'c failure catego. ?

'

ries. The second study consists of careful examination of component failure records to g 7

identify and categorize the reported cause of component failures. The s) stems esalu- ê
ated in th.: failure-cause analysis were the auxiliary feedwater, Class IE electrical
power distribution, high pressure injectica, and service water. Tables and figures are
presented, indicating the systems and the components witLin those :) stems mest
affected by aging. Also provided are engineering insights drawn frnm the data. ' Tis
report is the second of two volumes and presents all of the Volume I data froa FY F6
combined with the data gathered in FY 87.

FIN No. A6M9-Comronent Residual Lifetime Evaluation and Itasibility Reliaming
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EXECUTIVE SUMMARY

This report presents the methods, analyses, preting or applying the results. The plant specific
results, and conclusions of an aging sune) of light NPRDS data are proprietary. Therefore, the data
water reactor safety system componer.1 failures and presented in this report have been made generic to
a detailed aging related failure-cause study of enable wider distribution of the results and to
seacted component failure reports, Both the aging ensure that those results cannot be traced to spe.

~

survey and the failure-cause study were performed cific plants or component manufacturers,
over a two year period for the U.S. Nuclear Regult.. The analyses documented in this report examine
tory Commission (NRC) as a part ef the Nuclear the NPRDS data using two different procedures.
Plant Aging Research Program. This report is the The aging survey analysis used computerized sort-
second solume of a twoaolume set addressing the ing techniques to classify failure reports for
impact of component aging on selected nuclear 15 complete systems; some of these systems are
power plant safety and mpport systems, Volume 2 used in both pressurize.1 water and boiling water
combines data from Volume la and subsequent reactors. The purpose of this survey was to identify
data into one final data analysis and presentation, which systems and which associated components |'
A third document will address the rhi importance were being most affected by aging. It is a rather I

of time dependent aging rdated failures usiag tlie gross analysis but does proside relatise magnitudes I

failuresause data reported in Volumes I and 2. of aging effects in systems and components. The
The purpose of the analyses presented here is to results of 'he aging sun cy will help define future in-

ider.tify w hich safety and support systems and their depth engineering studies of selected systems and
associatei? components base been affected by aging components,
and, far selected systems, to idemify aging-related The second analytical pcceedure consisted of a
failure: it the reportable cause or mechani:m lesel, failure-cause determination to identify the aging

The following definition of aging is used in the mechanisms (to the lesel of resolution available in
analyses presented in this report: the failure reports) that caused component failures

in four safety and support systems To determine a
Aang is the degradation of a component result- true root cause of failure in eserv can is beyonu the
ing in the loss of function or reduced perform- scope of this study. Such a root cause determina-
ance caused by some time-dependent agent or tion would require a detailed in-depth engineering
mechamsm fhe agent or mechanism can oc evaluation of the component and the plant mainte-
cyclic (e.g., caused by repeated demand) or ;on- nance practices. Fo- * is report, guidelines desel-.,

tinuously acting (e.g , cau;ed by the operr.tional oped by the Root Cwises of Component Failures
aemironment). Th change in the component fail- Program were used to evaluate the NPRDS failure

ute probability resulting from the degrada' ion reports and identify the failure mechanisms. An
will be monotonically increasing with the time of aging classification procedure was deseloped to aid
evosure to the agent or racchanism unless the the analyst in distinguishing aging related from
component i, ,: furbished, repaired, or replaced, nonaging related (random) failures. The results of

the failure cause study will be incorporated in
The nuclear power plant operational data system lesel aging evaluations using probabilistic

selected for the aging related failure analyses were risk assessment (PRA) techniques,
from the Nuclear Plant Reliability Data System
(NPRDS), a data base of the Institute of Noelear Aglitg S. .vey Analysis
Power Open tions. The NPRDS i , dered the
best current' y accessible data base o . hich to per- In the aging sunty, NPRDS data were obtained for
form the p.tsent work scope of the aging related !$ different light water reactor safety and support sys-
data collection and analysis. Howeser, the data tems. The NPRDS information was used to create a
source dr es have significant limitations (detailed in computerized data base w hich was rma!>7ed to identify
Section 3.2) that should be considered when inter-
. _

a. D. G. Sauershite. L. C. Cadma!!Jer, W. E. Vesel>. and
s. B. M Mesle.snd D. G. Stuermhnte. An Agv's Fadure Sur. B. M. Mes\e. Root Cuses of Component fadures Program:
vev of Light Mter Restor Safety Systems and Components, Methods and Appbconons, NUREGiCR-46| A. E GG44 ? $.
H L, NU REG CR-4'47, E GG44 73, July 1987. Decemtwr 1956.
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time-dependent failure contributions of system- An evaluation of the data to determine system
specific components. The failures were grouped into effects indicated that only a small fraction of the fail- l

five generic failure cat 4 rics based upon the NPRDS ures caused loss ofsy:temfunction. Additionally, no )
classification of the failure. Mechanisms of failure der,anant system effect category was evideni. 1

were not determined during this analysis since mecha. Analys:s of the collected data indicate that
nism determinations cannot be made using computer- valves, salve operators, and pumps hase the highest
Ized sorting techniques. Howcer, sneral analyses were potential for aging impacts on systerr operation
performed using the failure-category data. Selected based on their corresponding failure ' population
groupings of the dats were curnined to identify sys- and aging fractions, in the component-level analy-
tems and components that are susceptib!c to aging ' ail- sis, w hich determines the aging impacts on the per-
utes. Also, an uncertainty analysis was performed to formance of the component,50r to 60re of thee

prodde an indication of the confidence to be placed in reported valve failures were aging related failures.
the dca analysis :esults. At the component lesel, the valves in the contain.

Analyzing the fise generic failure categories ment isolation system were the components most
determined that, for these systems, many nuclear affected by aging mechanisms. However, care
power plant component failuren are due to should be taken in drawing a condusion concerning
aging (32r ). The other category is the largest fail- actual failure of the containment iselation systeme

ure catcgory, containing 49fe of the failures. This sabes. Becat,se of sery/ stringent surseillance
category consists of failures for which the utility requirements, those valves may not base actually
personnel could not identify the cause or the cause failed but instead may have failed an operational
could not be assigned to another NPRDS category, specification when tested (which is reportable), in
The size of this category is iridicathe ofIhe difficul- the system level analysis, which indicates the com-
ties encountered in identifying the cause of failure ponent's aging importance wi hin the system, the
for certain components and the practice of replac- aserage aging fraction (in percent) for valves
ing a component or piece part without establishing is 12.5r . The systems where the impact of valvee

the reason for failure. Therefore, a reasonable but aging (at the system !nel)is relatively important are
unknown fractLa of the failures in the other cate- containment isolatiors (28r ) and maine

gory is aho probably due to aging mechanisms. It is feedwater (21r ), followed by auxiliary feedwater,e

recognized that the aging category could also con. component cooling water, and seruce water to a
tain an unknown number of misclassified failures. lesser extent. At the component toel, aging frac-
Howe er, comparison to the reported failure-cause tions for vah e operators are also relathcly constant
study (discussed below), where the number cf between systems (aproximately 25r ). Howeser,e

unclassified failures (150s)is significantly smaller aging in salve operators does no6 produce a signifi-
and the aging fractions are generally higher, indi- cant failure contribution at the system lesel
cates that this misclassification is probably mini- (only dre). Pumps are the second most aging-
mal. The additional seneric failure categories of impacted component. Pumpa in the component
design and installation, tesang and maintenance, cooling water system have the highest aging frac-
and human related contained 10r , 7.5 r , .(in percent) at both the component inel (75 fe)e e

u.a 1.$re of the failures, respecthely. and the system inel(14r ). At the componente

Results of the aging sursey established that, on level, the aserage failure fraction (in percent) for
oni, hand, normally operating fluid systems tend to pumps is 450s; and, at the system le el, the werage
exhioit slightly hl3her proportions of aging related failure fraction (in percent) for pumps is es. F ur-
failures than normally standby systems; on the thermore, the data for components, such as
other hand, howes er, system dependencies for com- motors, heat exchangers, pipes, and circuit break-
ponent aging were generally not statistically identi- ers, indicate that these components are statistically
fiable. There were seseral exceptions to this independent across sy-* ems and do not produce a
finding. Pumps in the component cooling water significant failure contribution at the system inel
system, valves in the containment isolation system, (less than $r ).e

supports in the high pressure injection s) stem, and Another analysis ranked the system-specific com-
switches in Class IE electrical power distribution ponent aging fractions at the system inel. This analy-
and 7 actor protection systems were allidentified as sis indicates that vahrs h. .he containment isolation
hasing statistically distinguishable aging impacts system exhibit the highest aging related
when compared in similar components in other fraction (0.28) of all the system-specific components
systems, analyzed. Aging related failures of sabes in main

i
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feedwater, auxiliary feedwater, component cooling subsystem 58% to 77%, and instrumentation and
water, and sersice water systems also rank with the uninterruptible power supply subsystem 51%

'
top five system specifk components. Pumps :n the to 98%. The results also indicate that two compo-
component cooling wa'er system exhibit the nighest nents in the auxiliary fredwater system, one com-
aging-related fraction, at the system lewl, for pumps ponent in the Class IE electrical power distribution

: and rank sixth on the list of important system-specific system, one component in the high passure injec-
j components, tion system, and two compenents in the service

A study was also made of the time dependency of water system dominated the failure contributions,
aging.related failures for system specific compo- Pneumatic operated valves nd check vahes
nents. The time dependent analysis indicated contributed the largest number of failures within .

potential time dependencies in aging related fail- the auxillary feedwater system. These components |
ures, hiost of the data indiwe the potential for exhibited relatively high aging related failure frau t

'

increasing aging fractions with time. However, tions.The aging related failure fraction (in percent)
some of the data indicate only the potential for a for pneumatic operated valves had a lower bound ,

constant trend in the aging fractions with time. The of 63% and an upper bound of 79%. The fraction
data utilized in this study arc impacted by variables (in percent) for check valves had a range of 87%
such as plant maintenance practices, the age of the to 92%. The dominant failure mode for '

,

) plam, and reporting practices. This information, pneumatic-operated vahes wasfails to close, w hich
j which is needed to assess the impact of these varia- accounts for 49% of the pneumatic-operated valve

bles on aging, is not available from the NPRDS failures. The .fominant failure mode for check
i source data. vahes was internal /catage, which accounts
{ for 73% of the check valve failures. The dominant

aging fal ure cause f r both these components was
ReEorted Failure Cause Anal sisY wear. The wear mechanism accounted for 39% of

the pneumatic-operated vahe failures, with the
The failure-cause analysis of component failures valve operator being the subcomponent most

,

used a cause categorization scheme to classify the affected. For auxiliary feedwater check valves, the
'

reported cause-of failure information for aging. wear mechanism accounted for 60% of the check
related ind nonagine related failures for selected valve failures, with the valve seat being the piece

I'
e

light water reactor systems. The analysis identified part most affected.
'

the component failure modes and associated failure in the high pressare injection system, motcr-'

mechanisms Th systems chosen for this analysis operated vabes dominated the s>siem failures with,

i were auxiliary feedwater, Class IE electrical power wear and bhding/out ofo4justment being the dom- .

j distribution, high pressure injection (which inant mechanisms. Wear mechanism accounted -

f included some associated chemical and volume for 23.5% of the motor operated sabe failures, !

j control components), and wvice watu. The cause and binding /out ofod/ustment accounted for 20%. |
identification information provides insights into Limit switches and torque switches were the sub.t

,

the effects of aging failures versus nonaging fall- components most affected by these two mecha- ;'

j ures on 'ystem performance. nisms. The dominant failure mode for !

j The analysis evaluated 2012 NPRDS component high pressure injection riotor operated vahes was I

failure records, Results of the anslysis indicate that fails to close, w hich accounted for 29% of the fail- f
the auxiliary fredwater system has a lower bound utes. Bmding/out of adjustment w as the dominant j
aging related fraction (expressed in percent) failure cause for the failure mode fails to close, ,

) of 57% and an upper bound of 79% for aging- accounting for 30% of the fails to close failures.
! related failures; the chemical arid volume control The valve operator sustained the largest number of
I system exhibited 61% to 84% aging related fall- binding /out ofadjustment closure failures. with the >

urest the high pressure injection system piece pt.rts affected being the torque and limit
exhibited 54% to 82% aging related failures; and switches,
the senice watcr system exhibited 67% to 85% For the chemical and solume control portion of,

j aging related failures The subsystems of the Class the high pressure injection system, the component
i lE electrical power distribution system exhiblied with the highest potential for causing system failure
i the following lower and upper bound aging frac- is also the motor-operated sahe. There were
i tions (expressed l' percent): de power 46 reported failures associated with the chemical
; subsystem 28% to 57%, emergency onsite power and volume control system. The dominant failure
:

J

v

'
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.. __

mode for these valves isfails to closc (48te of total cause for the emergency onsite power subsystem
motor-operated valve failures), which is t he same as was wear. The failure records indicate that the fall-
for the high pressure injection system. These clo- ures due to wear are distributed oser four diesel
sure failures, however, were dominated by wear, generator subsystems: diesel cooling water, diesel
The wear mechanism accounted for 45re of the fuel oil, diesel lube oil, and diesel starting air. The
closure failures. The dominant piece part affected somponents most aficcted are valves and pumps.
by the wear mechanism was the valve seat, inverters in the instrumentation and uninterrupti-

hiotor operated valves and motor driven pumps ble power supply subsystem also account for a rela-
contributcd the largest number of failures within tively large failure count. These failures are
the service water system. Aging related failure frac- dominated by electrical failures. The major con,
tions (in percent) for motor-operated valves were a tributors to Ihese electrical failures are blun fuses,
lower bound of 390s and an upper bound of 84r . defective fuses, and defective solid-state compo.e

Fractions (in percent) for motor-driven pumps nents, liowever, there were few aging related fail.
e and 84r , respectisely. The dominant fail- ures identified for this component,are 778 e

ute mode for motor-operated valves was fails to Analysis of the system specific failure causes
close, whish accounts for 39re of the motor. regardless of component or failure mode indicate
operated valve failures. The dominant failure mode that, for the fluid systems, wear was the dominant
for notor drisen pumps was fails to run, which failure cause, li' ar accounted for 30re of the fall-e
accounts for $3re of the motor-driven pump fail- ures in the ausiliary feedwater system,38r in thee

ures. The dominant aging failure cause for these chemical and volume control system,21r in thee

two components was wear. The wear mechanism high pressure injection system, and 32re in the
accounts for 13ro of the motor-operated valve fail. service water system. In the Class IE electrical
ures, with the valve stem connection to the valve power distribution subsystems faulty moduledom-
operator being the piece part most affected. For inated the failures in the de power supply subsys-
set vice water motor-driven pumps, the wear mech- tem and the instrumentation and uninterruptible
anism accounts for 450e of the failures, with the power supply subsystem, liiar dominated the fail-
pump seals and packing being the subcomponents ures in the emergency onsite power supply subsys-
most affected. tem. The factors which, in turn, caused the wear,

Within the Class IE electrical power distribution corrosion, or other behavior are not addre:. sed it,
system, the diesel generators in the emergency the NPRDS failure records and, thus, are also not
onsite power subsystem dominated the failures with addressed 'n this study. l{oweser, these factors are
a lower tound aging related percentage of 58% being studied in other tasks of the NRC Nuclear
and an upper bound of 76te. The dominant aging Plant Aging Research Program.

s
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| This report is the second volume of a two-volume set addressing the impact of *

i component aging en selected nuclear power plant safety and support systems. A |
j future document using the failure-cause results presented in Volumes I and 2 will i

i address the risk importance of time-dependent, aging related failures. The work was !

j performed for the U.S. Nuclear Regulatory Commission as part of the Nuclear Plant i

j Aging Research Program. Data selected for these analyses were from the Nuclear
j Plant Reliability Data System, a data base of the Institute of Nuclear Power ;
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AN AGING FAILURE SURVEY
OF LIGHT WATER REACTOR SAFETY

SYSTEMS AND COMPONENTS

1, INTRODUCTION

Problems caused by time or cyclic-dependent systems.3 A future document usir.g the failure-
degradation (aging) mechanisms such as weat.cor- cause results presented in Volumes I and 2 will
rosion, and fatigue, hase occurred at some U.S. address the risk importance of time-dependent,
nuclear power plants. These problems have raised aging related failures, l'he specific objectives of the

questions about the age-dependent degradation of analpes reported herein center around the first and

| safety equipment at operating plants. Many of second program objectises.

| these aging issues base been, and are being. The two studies documented in this report
addressed by the nuclear industry through nscarch, address these two objecthes using two different

I

improved designs, standards dnelopment, and, procedures to analyze NPRDS data. The first

especially, improsed operational and maintenance study, an aging sursey, used computerized sorting

practices. Noertheless, aging and degradation of techniques to classify NPRDS failures into fise

plant stfety systems and components will continue, generic failure categories, and the second study, a
failure-cause analysis, utilized a detailed categori-and currently unrecognized degradation effects are

| ration scheme to classify selected NPRDS failures
likely as the U.S. light water reactor (LWR) popula-

by the reported mechanism causing the failure. Thetion ages. Collection and naluation of operating intent f the studies is to preside a comparative
experience data are necessary to st udy the effects of ,

measure f as ng decu in sptems and compo-
aging and degradation on the safety of operating

*I ." 8 '"'#" # ""*""' ''"'**"I #"
nuclear power plants during their normal design p rated into a probabilistic risk assessment ''RA)
life and any estended life,

"" *'N '* '" ' '' * E "#"' * E "*"##' "'
Therefore, an important part of the U.S.

#8 "I * # '# ' #"
Nuclear Regulatory Commission (NRC) research " '"8 "## "8 # #'#'" " ' ' ' ' ''
effort is the Nuclear Plant A8 n8 Research(NPAR) sented in terms of failure fractions that relate aging-i

I Programg which is being conducted at sescral related failures to nonaging related fatiures. The
I national laboratories, including the Idaho National frac lons used in these two analyses are defined as:

|
Engineer as Laboratory (INEL). This program

| uses component failure data from Licensee Event failure <ategoryfractiorm For the failure-*
Reports (LERs) .and the Nuclear Plant Reliability category fractions, the number of failures
Data Sptem (NPRDS); the latter is maintained by for all components in a sptem classified in

, the Institute of Nuclear Power Operations (INPO). one particular failure category is com-
Specific program objectises include: (a) identifying pared to the total failure count repor'ed for
which LWR safety or support sptems and compo- that particular sptem. The fise failure cat-

| nents base been significantly affected t,y agmg, egones are agins, doisn and iWallai~h,

|
(b) identifying specific agMg failure causes for a testing and maintenance, human related.

| few selected sys. ems and components, (c) calculat- and other.
ing aging contributions to system and component

Component aging fractionr The compo-unasailabilities, and (d) doeloping quantitative *

relationships between aging failure data and risk. nent aging fractions are calculated at the

One of the NPAR Program tasks at the INEL is to component loel and the system toel. For
esaluate the estent to w hich aging has affected the
performance of LWR safety and support systems.

| This report is the seecnd volurne of a tw04olume a. Behosrephs informaten on the rus: volume is as two.i:
8 a n aset addressing the impact of component aging on ,j ;, p,'

, , ,

selected nuclear power plant safety and support M l. MJREG,CR-4?47. EGG 44?). Juh l9s7

I



the component aging fractions, at the analysis but provides relative magnitudes of aging
component level, the number of aging- effects between systems and components.
related failures for a specific component in In the aging survey, NPRDS failure data were
a particular system is compared to the total compiled for pressurized water reactor and boiling
failure count for that specific component water reactor systems and their major subsystems.
in that particular system. This comparison The vendors represented in this survey were
is useful in determining the aging impacts Westinghouse Electric Corporation (WEC), Bab-
on the performance of the component. For cock & Wilcox Company (B&W), and General

,

the component aging fractions, at the sys- Electric Company (GE). It is recognized that sev. |
tem level, the number of aging related fail- eral of these systems are designed by the architect / jures for a specific component in a engineering firm and are not vendor specific,
particular system is compared to the total }{owever, the NPRDS is structured to supply sys-
failure count for all components in that tem information by reactor vendor only. The sys-
particular system. This comparison gives a tems surveyed are as follows:
representation of the component's aging
importance within the system. (This
should not be confused with an impor-

Class IE electrical power distribution'

tance that would be obtained from a PRA ..

calculation.) (1E)-WEC, B&W, GE

Time-dependent aging /metions: For the 2. Auxiliary feedwater (AFW)-WEC, B&W*

time-dependent aging fractions, the num-
ber of aging related failures for a specific 3. Component cooling w ster (CCW)-WEC,
component in a particular system within a B&W, GE
selected age intenal is compared to the
total number of failures for that specific 4. Containment fan (CTF)-WEC
component in that particular system for
the selected age interval. 3. Containment isolation (CTIS)-WEC,

B&W
failure-cause /mcrions: The failure-causee

fractions are calculated at the component 6. l{lgh pressure injection (llPIS)-WEC,
lesel and the system level. For the failure- GE, B&W
cause fractions, at the component level,
the number of aging related failures cor- 7. Low pressure injection (LPIS)-GE
resronding to a specific failure cause for a
component specific failure mode in a sys- 8. Alain feedwater (htFW)-B&W, GE
tem is compared to the total number of
failures for that component. specific fail- 9. Reacter building cooling (RBC)-B&W
ure mode in the system of interest. For the

,

failure-cause fracioru, at the system lesel, 10. Reactor core isolation cooling (RCIC)-
'

the number of aging related failures for a GE
rwific failure cause in a system is com-
pared to the total failure count for that 11. Reactor protection trip (RPS)-WEC,
particular system. GE, B&W

The aging seney used computerlied sorting 12. Reactor coolant (RXC)-GE, B&W
techniques to sort NPRDS failure reports for 15
LWR safety, support, and power comersion sys- 13. Residual heat remosal (RilR)-WEC,
tems, for both pressurized water and boiling water GE, B&W
reactors. The purpose of this suncy was to identify
which systems and associated components were 14. Senice water LSWS)-WEC, B&W, GE
being most affected by eging phenomena as identi-
fled in the NPRDS data base. It is a rather gross 15. Standby liquid control (SBL)-GE.

2



The information contained in the survey data is line preventive or mitigatise systems) tend i

specific to the nuclear steam system supplier, sys- to dominate risk in many plants. |
tem, and component. The NPRDS component fail-
ure records were utilized to create a data base.This 2. Corresponding systems exist in all nuclear
data base was used to classify the NPRDS cause plants.
categories and assign them to one of five failure
categories (see Section 2). There was no examina- 3. Signiticant amounts of data have been
tion of the NPRDS failure records during this gathered on failures in these sptems. !
study. The in senice age of the component and the
system effect associated with the individual failures The failure-cause informat!on is useful in the

| also were es aluated, evaluattea of the influence of aging on plant risk
The failure-cause analysis consisted of examin- using PRA techniques, in this application, the

' ing selected NPRDS records to determine a failure absolute magnitude of the aging effects is not
cause for component failures associated with the essential. Relatise impacts are useful for the modi.
auxiliary feedwater, Class IE electrical power dis * f cation of the PRA failure rate data,i

tribution, high pressure injection (which included Other work related to the system studies
some associated chemical and volume control com* described in this repori has involved imestigating
ponents), and service water systems. The purpose aging of components within the systems. Major
of the failure-cause determination was to identify components included in those studies are motor-

]
the aging mechanisms that caused the component operated vahes,3 electric motors,4 containment
failures. The depth of this analysis was limited to purge vahes,5 and diesel generators.6 While thosei

the inel of resolution available in the NPRDS fail- studies proside sery specific information related to
ure records. To determine a true root cat.se of fail- the components, they do not address the systems in
ute in e cry case is beyond the scope of this study. which the components reside. An additional aging
Such a determination would require a detailed in- 7study prosides insight into aging related failures

I depth engineering esaluation to be performed on and system effects of failures in reactor protection
|

the components and the plant maintenance prac- systems. The information for this study was
tices. Guidelines deseloped by,the Root Causes of obtained from both the asailable failure esent data i

j Component Failures Program- were used to evalu- '

(NPRDS, Nuclear Power Experience, Inc., and
le e the NPRDS failure reports and identify the fail-

1.ERs) and utility records. Of the two, the utility jt.re mechanisms. An aging classification procedure
'| was deseloped to aid the analyst in distinguishing ''C rds yielded significantly more detailed infor- i

man, n relating to aging failures. '

1 aging related from nonaging related(random) fail-
Section 2 of this report discusses the definitions

;ures.
of the terms used in the two studies. Section 3

'

1 These systems were selected for the aging failure,

i cause analpis for the following reasons: defines aging and describes the methodology. Sec-
,

tion 4 presents the results of the aging suncy andj

) failure-cause identification analpis. The suncy
1. PR As indicate that support systems (those and failure cause results are summarized in (|

; supplying power or cooling to the front- Section 5. |

|
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2. DEFINITIONS

Definitions of the terms useJ ir 'ie udies are of, or factors contributing to, the failure,
presented in this sution. The defl .ition of aging as e.g., normauabnormal war, dirt, mechani-
uwd in this report is presented in the next section, caidamage/ binding, looseparts,

i
4. C mponents-in the aging sunty, the com-1. Age-Theintent of the aging suney was to '

produce a time dependent failure data base ponent designations developeo by the
fer various component failures. Therefore, NPRDS are used. The NPRDS utillies i

for thh analysis, the age of the component gene'ic names which sometimes refer to

in years at the time of the failure was calcu- more than one speelfic component. The

lated from the in service date recorded in failure-category data are presented using

the NPRDS component engineering thesedesignations. Appendix A(Table A 2)

record. The data were then placed into the includes definitions of the NPRDS compo.

following four age divisions: 0 to 4.9 yr,5 nent acronyms, in the failure cau;c analy-

to 9.9 yr,10 to 14.9 >r, and 15 to 20 yr. sis, more specific component ddgnations

Howeser, this age calculation may not are used with specific .aponent bounda-

reflect the actual age of the component ries as de clor.J for the Root Causes of
be ause the in senice date provided by Component Failures Program.2

NPRDS is defined as the actual date the
5. Component Aging fractions-The compo-system or component went into senice,

Therefore,in some cases, thein senice date nent aging fractions ait calculated at the

as reported in the component engineering component loel and the system loel. For

record is not the date the component weni the component agit,g fractions, at the com-

into tenice but the date the s> stem became
ponent loel, the number of aging related

operational or the enticality c,r low power failures for a specific component in a par.

operations date. Ideally, the age of the com- ticular system is compared to the total fail-

ponent should be calculated from the date ure count for that specific component in

when the component itself was placed in o that particular system. This comparison is

senice (including preoperational testing). useful in determining the aging impacts on

This would more accurately reflect the the performance of the component. For the

actualimpa:t of aging on component fail- component aging (ractions, at the system

ures since the wear on the component dur- level, the number of aging related failures

ing testing would be renected in the age for a spstific component in a particular sys-

calculation. Also, the NPRDS in senice tem is compared to the total f:tilure count

date is updated only when a component is for all components in that p.stticular sys-

replaced; therefore, the time-dependent tem. This comparison ghts a representa-

data would refle t replacement but not tion of the component's aging importance
withh the s> stem. (This should not be con-repair. Furtherrr' ore, no attempt was made
fused with an importance that would be

to identify how many times thJ same com*
obtained from a PRA calculation.)ponent failed.

6.
2. Cauw Categories-The cause ettesories Engineering Purameters-l uginceting

parameters indicate a sariety af engineeringrefer to the nine failure categories used by
information regarding the cornponent. This

NPRDS to clanify a failure, e.g., design /
information includes type, application, rat-

engineering, inwrrect procedure, wwout.
ings, construction materials, and engiacer.

Additional information concerning this ing ulues (such as temperature, roolutions
categori:14 tion is contained in Appendis A, per minute, and horsepcmer) with their cor-Table A-t-

responding units.

3. Cause Codes-The cause codes refer to the 7. failure-Failure is defined as a reducedcodes used by NPRDS to identify the cause functional efficiency or effeoheness of a

4
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component or the loss of ability of the com- number of aging related failures corres.
ponent to perform its intended function, ponding to a specific failure cause for a

component specific failure mode in a sys-
tem is coinpared to the total;iumber of fail.

| 8. failure Categories-The failure categories ures for that component-specific failure
are broad generic categories used to classify mode in the system of interest. For the i

the specific failure information. These cate- failure-cause fractions, at the system lotl, i
gories are defined as follows: the number of aging-related failures for a j

specific failure cause in a system is com-
a. Aging-These are failures that are the pared to the total failure count for that par-

consequence of expected, time' ticular system,
dependent wear or degradulon.

11. failure Afode-The failure mode of a com. !
b. Design andinstallation-Thesc include ponent is used in PRA analpes to refer to

failures attributable to (a) inadequate an action that a componsnt fails to per-
design of the responsible component or form. For cumple, a salve that will not
system, (b) inadequate assembly or ini- open when required is categorized in the
tial quality of the responsible compo- fails to open failure mode. {nent er system, and (c) improper

I ,

imtallation of equipment. 12. Reported failure Cause-This is an under- !
lying or initiating esent or condition that

c. Human Related-These include fail- produces the failure of a component. This
ores attributable to incorrect proce- cause is identifiable only to the loel of

j dures that were followed correctly and detail present in the esent report.
failures caused or aggrasated by per-<

| sonnel errors, including failure to fol- 13. Systern-.Sptems are defined in the aging
low procedures correctly. sursey in the same manner as in the !

!

I NPRDS. There is some concern that the
] d. Other/ Unknown-These include fail- utility definitions of systems differ some-
i ures attributable to failure or misopera- w hat from those used in the NPRDS. Ilow-

tion of another component or system ever, this is not comide si significant, due ;

1 and failures for whlch the cause cannot to the relatise natute of the data obtained in |
| be assigned to any of the other failure these analpes. Sptems are defined in the
' categories. fai'are<ause analpis in the manner dott-
I oped for use in the Root Causes of Compo-
'

e. hsting and Afaintenann-These are nent Tailures Program.2 i

failures resulting from improper main- ;
,

l tenance, lack of maintenarne, or per- 14. System FJfect-The sptem effect code '

sonnel error that occur during identifies the effect on the sptem caused by
|

| maintenance or testing actisities per- the component failurt. The coces were
1 formed on the responsible component taken directly from the NPRDS failure

or system. records. The NPRDS has fise sptem etfeet
,

categodes. Appendis A (Tab;e A 3) con-
'

]
9. Tadure-Catcrory fructions-For the fa3ure- tains a list of the sptem effect codes and

j category fractions, the number of failures their corresponding descriptiom.

| for all components in a spiem classified in
one partie'dar failure category (see abos e) is 15. Enc Degyndent Aging fractiom-For the'

compared to the total f ailure coum reported time dependent aging fractions, the num-
,

for that particular sptem. ber of aging related faihres for a specific |

component in a particular s>ttem within a
, '

| 10. Fadure Cause fractions-The failure <ause scleeted ase inten al is compared to the total

! fractiom are calculated at the component number of failures for that specific compo- -

loel and the sptem lott. For the failure- nent in that partleular sptem in the wlected f
cause fractions, at the component loel, the age intenal.

!

$
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3. METHODOLOGY

l This section describes the methodology used in The analyses of component failures presented in
.

the aging survey and the failure-cause analyses, this report attempt to ldentify aging related failures
1 Aging is defined and its identification through a through two different techniques. The aging survey

classification procedure is discussed. The accept- analysis uses computer sorting techniques to clas.
ability of the NPRDS for these typas of analyses is sify the aging related failures. This analysis relies
also discussed, on the failure-category codes assigned by the utility,

personnel when reporting the failure. The failure.4

'

3.1 Aging Definition and cause analysis attempts a more detailed and accu.
rate determination of aging classification by

Classification meticulous examination of the failure report
descriptions. The aging related failures were identi.

Ths definition of aging as used in the analyses fled on the basis of a classification procedure devel-

presented in this report is: ped f)r the analysis. These techniques are
described in Section 3.4.

Aging is the degradation of a component result-
ing in the loss of function or reduced perform. 3.2 Failure Event Data Source
ance caused by a time dependent agent or
mechanism. The agent or mechanism can be Licensee Event Reports (LERs) were considered
cyclic, e.g., caused by repeated demand, or con- as a data source but were rejected due to the nature

i tlnuously acting, e.g., caused by the operational of the data colleccion system. The LER system acts
emironment. The change in the component fail. as a reporting agent to the NRC and is concerned

<

; ute probability resulting from the degradation with the failure effects on systems and safety func.
I will be monotonically increasing with the time of tions. As such, LERs do not generally go into detail
! exposure to the agent or mechanism unless the about specific component failure mechanisms,

component is refurbished, repaired, or replaced, causes, or required repair actions. Additionally, the
current LER guidelines do not require the reporting

Different t> pes of aging agmts or mechamsms affect of certain single failures of safety related equip-
a component's performarse ducing its operationallife, ment. Since most aging related failures are single
Emironmental effects, sui as nocmal wear of compo- failurei, this current reporting requirement further
nent parts, erosion, corrouon, and cyclic fatigue, tend reduces the use of the LER system for identifying'
to affect the componert in a continuous fashion with aging related failures.
rather low aging rates. Other types of apng stem from Plant specific data are the most desitable !

acthities affecting the component through a random because of the asallability of mairitenance histories
esent. An exarnple of the latter type is a random main- associated with Ihe failed components. An addi.

i

tenance error which causes the comporwn to ciperi- tional feature of plant specific data is the ability to I

ence significantly accelerated aging through a identity plan; specific emironmental and human
ii mechanism, such as bMg, M6;; W v. 2:. L;.- u.,ntr butors to aging related failures. These are :

1 dom mainterve errors will usually not be identified esset 'N11y averaged out then analyses are per.
} in s failure report Therv ars cither cases s.herv a mech- formu esing the generic data bases, such as the
; anism identified as causing a failure could be consid- NPRDS and LERS. Howeser, indhidual plants

,

!

ered aging or random, depending upon the have relathely small failure populations, and
, circu nstances under wMeh the failure cm curred it is access to the plant data records is scry limited.

,

] diffkult to distinguish aging related failures from ran- Gaining access to plant specific records and the
dom failures solely on the basis of a failure descrigion resultant collection and analysis proces: w asi

i or reported failure causes. Therefore, the practical beyond the score of the current analysis.
; appbeation of this definition leads tci a certain amount The component failure data select:d for snalpis
: of uncerta.nty. Engmeenng oaluations of the materi- were obtained from the NPRDS. NPRDS is a |

als, stressors, and emironmer.t of the faded compo- component failure data system owned by the Institute
'

nents and knc% ledge of the compecent maintenance of Nuclear Power Operations (INPO). Data are sub-,

j histories are sometimes necessary to accurately identify mitted on a soluntary basis by the INPO memter utili-
aging-related failures. ties. The data for each failure are sent to INPO for

"

'

4
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|

|

I

proc % sing and input into the computerized data base. |
INPO distributes these data to other member organi- 2. Incipient lailures are not reportable under i

zations and to the NRC upon request. The plant- NPRDS reporting requirements,
specific NPRDS data are proprietary. Therefore, the
data presen:ed in this report haw been made genene so 3. Complete maintenance histories of fslied
cents cannot be traced to specific plants or component components tu not available and the ,

manufacturers. effects of test snd maintenance activities
,

'

| The NPRDS data source has several strengths on aging related failures are masked.
and limitations that renect on the quality of the Therefore, time line histories needed for |
data and its applicability to certain uses and inter. .nging evaluations are not available through i

I pretations. Some strengths are: NPRDS. |
,

'. The NPRDS is a large, computerized 4. Accurate component service age calsula- r

nuclear power plant component failure tions are difficult to obtain from NPI DS !

data base containing multiple entries for data. The are calculations obtainable from !

all the safety significant systems and com- NPRDS ,eflect the years between the in-
,

Iponents hiany utilities contribbie to the service date and the component failure
data base, date. The in service date provided by i

NPRDS is defined as the actual date the
'

2. Stany of the equinment failures reported system or component went into senice.
to NPRDS are not reported in LERs since Therefore, in some cases, the in service ,

LERs have no requirement to report cer. date as reported in the component ensi- I

tain single equipment failures. necting record is not the date the compo- !
nent went into service but tlie date the t

3. Component engineering data are supplied system became operational or the critical- !

with the failure records. These data supply ity or low power operations date. Ideally [

items such as capacities or ratings and the age of component should be calculated j
equipment types. An in service date of the from the date when the component was
component is also prosided in the ensi- placed into sersice (incluains preopera. (
neering data. tional testing). This would more accurately t

reflect the actualimpact of aging on com- !

4. The component failure records provide a ponent failures since the wear on the com. I

categorization of the failure by the utility ponent during testing would be reflected in
,

personnel and a failure description. Esent the age calculation. Aho, in service dates -

dates, discosety methods, plant condi- renect replacement but not overhaul or
tions, and correcthe actions are also pro- major repairs. j
sided.

5. Approsimately 50% of the NPRDS data is ,

5. For reported failures, the data base con- placed in the unknown or other devkes |

tains sufficient information to allow a rea. failure categories by the reporting utility,
sonable determination of the relative This renects the practice of replacing a
number of failures attributable to various component or piece part without estab.
mechanisms. Only 15% of the 2012 lishing the reason for failure. This problem
NPRDS records eumined for the failure- in classification of failures can be signifi-
cause analysis were unclassifiable into one cantly offset if manual cuminstions of
of the cause or effect codes doctoped for the failure records are performed as in a
use in the Root Causes of the Component failure cause analysis.
Failures Program.2

6. In many cases, the NPRDS cause descrip-
Somelimitations are: tion codes do not renect the mechanism

causing the failure but are related to the
1. Not all utilities report to the NPRDS, but effect of the failure. This makes aging

the number and quality of reporting has mechanism identification difficult and
been increasing. makes a true root cause of failure

7
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determination impossible unless addi- The NPRDS data are reported by specific utill- |
tional information is included in the fall- ties and categorized by NSSSapecific system desig. !

ure narrative. nations. Table 1 is a list of these NSSS specific I

system designations for the l$ systems analyzed in
7. hlany of the narrathes provided in the the aging survey. '

NPRDS failure record do not provide suf. The failure reports in the NPRDS are classified
ficient information to verify the cause cat. into nine categories, referred to as cause categories.
egory or cause description codes chosen to These categories tefer to general causes, such as
classify the failure. For cumple, in many engineering / design, installation error, and wearvut.
of the NPRDS records that have coded the A reported failure is then further characterized by
cause catefory as tc5 ting and maintenance, the additica of a cause code identifying the cause
the narrathe or the cause description code of, or contributing factors to, the failure. ThesJ
will indicate an aging related mechanin codes refer to mechanical, electrical, or humin-
such as wear. The narrative may state or related causes of failure.
imply that the ,'ailure wa- discovered dur. A relationship between the nine NPRDS cause
ing testing and maintenance but does not categories and the five generic failure categories
state that the wearout was due to testing used in this analysis (as defined in Section 2) was
and maintenance, dneloped so that generic issues could be e amined.

The correlation between the nine NPRDS cause
8. The narratives contain ambiguous words .ategories and the fhe generic aging suney failure

such as bad, defecthe, and worn out and cate;,ories selected with NRC concurrence is illus-
use these words interchangeably. This adds trated in Figure 1. Appendis A (Table A 1) con-
confusion as to whether a failure is aging- tains a list of the NPRDS cause category and
related or w het her the piece part was incor. NPRCS cause code grouped into these five failure
rectly manufactured, cateprie' In practice, examination of the cause

code is not necessary to group the failutes into the
in siew of the abose strengths and weaknesses, fise categories. blinimal error is introduced by

the NPR DS data can supply only relative informa- using only the NPRDS cause category. The result-
tion regarding which light water reactor (LWR) ing aging survey data base sontains the number of
safety systems and components have been signifi. failures, also called counts, specific to NSSS, sys-
cantly affected by aging and the underlying cause tem, and component grouped into the fhe failure
of that aging. Accurate determinations require categories. Associated with each failure count are
analysis of plant records, which is beyond the the system effect of the fai'nte and the component
scope of this study. Howner, for use in ag ng eval- age at the time of failure,i

uations that rely on probabilistic risk assessment for each system, failure fractions were calculated
(PRA) techniques, only relathe information is for the The broad failure categories and the the
needed to modify the esisting PRA information, system effect categories. These fractions repr sent

an aggregation of sil co.nponents within a sy: tem.

3.3 A9 n9 Survey Analysis FaHun fractions wWn a pankular sptem weni
calculaica by dhiding the total counti for a failur,
category by tbc total failure counts for that system.

The NPRDS data were utihred to create a data System effect fractions were calculated in a similar
base, which contains information about compo- manner. Component failure-category fractions
nent failures; this information identifies the were cakulate 3 at the component toel and the sys-
nuclear steam system surplier (NSSS), utility (not tem lect. For the component Inel fractions, the
reported herein), s) stem, component, in-senice total f allure counts per failure category for a partic-
date, and the components * engineering parameters, ular component are divided by the total failure
The components * engineering parameters allowed counts for that component within the appropriate
collecting failure data that are specific to a particu- system. This comparison is usefut in determining
lar component type, size, or capaciiy. Further- the impact of a particular failure category on the
more, the data base contains the failure event date, performance of the component. In the system loel
system effect produced by the failure, cause cate- component failure <ategory fractiens, the numera-
gory, cause codes, and a failure description for remained the same but the denominator for the
narratne. fractions was the total failure count for that s> stem.

8
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Thble 1. NPMDS system codes used in aging survey

Nuclear Steam System Supplier NPRDS System Code ' Description

WEC OE B&W

Class IE Electrical Power Distribution

EBF ERA EBE PLANT AC POWER
EBK ERJ EBO INSTRUMENT AC POWTJR
ECC ECB ECD DC POWER
EER EEA EEC EMERGENCY POWEF.
EEBDAA EEADAA EECCAA DIESEL STARTING AIR
EEBDCA EEADCA EECDCA DIESEL COOLINO WATER
EEBFOA EEAFOA EECFOA DIESEL FUEL Oil,
EEBLOA EEALOA EECLOA DIESEL LUBE O'.L

Auxiliary Feedwater

HHC HHB AUXILIAR5./ EMERGENCY FEEDWATER

Component Cooling Water

WBD WBB COMFONENT COOLING WATER
WBA REACTOR BUILDING CLOSED COOLING WATER

Containment Fan

SBC CONTAINMENT FAN

Containment Isolation

SDB SDA CONTAINMENT ISOLATION

High Pressure Injection

PC5 LETDOWN PURIFICATION AND MAKEUP
SFK SFC SFO HIGH PRESSURE INJECTION

SFB HIGH PRESSURE CORE SPRAY
SFKUHI HIGH PRESSURE UPPER HEAD SUBSYSTEM

la* Pressure injection

SFA LOW PRESSURE CORE SPRAY

Main Feedwater

CHA HHA FEEDWATER

Reactor Building Cooling

SBB REAC10R BUILDING COOLING<

Reactor Core isolation Cooling

CEA REACTOR CORE ISOLATION COOLING

| 9
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Thble 1. (continued)

Nuclear Steam System Supplier NPRDS System Code Descriptian i

WEC GE B&W

Reactor Protection Trip

180 IBA IBB REACTOR PROTECTION
IBK IBC ENGINEERED SAFEGUARDS ACTUATION

IBAIAA NEUTRON LEVEL SUBSYSTEM

Reactor Coolant

CBA CBD REACTOR COOLANT

Residual Hrat Removal

CFF CFA CFC RESIDUAL HEAT REMOYAL/ LOW PRESSURE
INJECTION

Service Water

WAD WAA WAB SERVICE WATER

Standby Liquid Control

PCA STANDBY LIQUID CONTROL

This comparison gives a representation of the fall- differences for the specific component between sys.
ure category Iraportance within the system. (This tems. A family signlilcance lotl of 0.05 means that
should not be confused with an importance that if no components have significant differences
would be obtained from a PRA calculation.) between systems, one can espect 5% of thefamily

Using the component failure category fractions components to show significance (the family con-
for aging (component loc! ftactions in which the sisted of 31 different components).These 31 differ.
denominator is the total failure count per compo- ent components are based on the NPRDS
nent within a specific system), an uncertainty study component designations; therefore, some designa.
was performed using Chi square testing and tions contain sovral types of components. For
adjusted residual analyses.8 The Chi square test of esample, the NPRDS designation GENERA
independency examines all systems together. A includes generators,imerters, and alternators, and
standard statistical hypothesis test was performed the designation VALVE includes all types of
for each component. The hypothesis chosen for the valves.
test was that no differsnces in aging fractions The Chi. square testing of systems with an
existed for similar components placed in different espected failure count of less than fhe was
systems. This hypothesis ofinder. ndence underlies excluded from the analysis. The remaining compo.
the formulation of the Chi square test statistic. The nent data were compared to the Chi square corain-
hypothesis is either rejected or not rejected by com- gency table quantiles to determine differences in
panns the test statistic to a quantile of its distribu- aging effects for the component between systems.
tion. The tests were performed at a family When no statistically significant difference
significance lotl of 0.05. The significance loel is occurred, the component failure counts for the
defined as the probability that test indicated differ. component from all invohed systems were com-
ences in asing effects exist: w hen in fact there ate no bined to calculate an overall aging fraction

10
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Aging Survey Categories NPRDS Categories
,

Engineering / Design
Design & Installation = Manufacturing Defect

installation Error

Aging = Wearout

Testing & Maintenance = Maintenance / Testing

Human-Related = Incorrect Procedure
Operating Error

Other = Other Devices
unknown

-.

Figure 1. Relationship of the NPRDS cause u.csos.:.~t the aging survey failure categories,

irrespecthe of system. A 95% confidence intenal The aging suney analysis also included a time-
was calculated for the composite fraction. dependent study of aging failures versus nonaging

When the Chi square testing indicated statisti- failures to evaluate their relationship with respect to
cally significant aging-effect differences for some component age. The aging failures in the four age
components in different systems, an adjusted resid. disisions were tallied for each system specific com.
ual analysis was performed. Adjusted residuals ponent. The time-dependent aging fractions for the
refer to the components' statistical residuals being four age divisions were calculated for the compo-
adjusted by their ver'ance. The sariance takes into nents within the specific systems by disiding their
account the system. specific compoaent aging frac. total aging failures per age disisjon by their total
tion, total failures obsened in that particular sys, failures per age disision,
tem, component specific aging fraction for all
systems, and the Chi. square test statisti: data con- 3.4 Reported Failure Cause
tribution. The adjusted residual analysis identifie$ Analysis
system specific components for which aging
impacts are statistically distinguishable w hen com-

The methods used in the reported failure cause
pared to other systems. For the remaining systems,

identificatioe study are similar to those used in pre-it is assumed that no statistically significant differ. vious work performed at INEL for the Root Causes
ences exist. Each group could then be characterized of Component Failures Program.2 This section
by estimating a composite aging fraction based expands on the different aspects of the methodot.
upon a larger data population base, in addition to ogy utilized in this failure-cause identification
aging fractions,95% confidence intervals were cal- effort.
culated for each group. These confidence intenals /bi/wre cause is defined as the underl>ing discern-
for the proportion of failures due to aging were cal- ible cause of failure contained in the failure report
culated according to the method described in for a component. The NPRDS data base codes pro-
Reference 9. vide some information about the underlying causes

11
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| of the component failures, llowever, failure-cause instances, a failure description contains enough

|Identification and aging classification require a information to allow categorisation with a condi. i
i manual cumination of failure records including tional code but gises no indication as to whether

compiling and organliin.g specific information the fallme was random or aging related, in this
concerning the component and its failure, case, the failure is assigned an unAnown agmg

The detail and depth of the information in the classification.
! NPRDS records sary for different components. This failure-cause identification study was ori- j

sptems, and plants. To accommodate these differ- ented towards analyzing component failures in spe. '

ences, the categorization scheme (or list) consists of cific systems. The system configurations used in !,

three locls, in accordance with the failure-cause the failure-cause analysis were doeloped for use in
'

categorisation scheme as developni by the Root the Root Causes of Component railures Program.2
! Cause of Component Failures Program.2 A por. These configurations differ somew hat from the sp.

tion of the root cause categorization scheme to tem configurations used within the NPRDS. In the.
j

show the general structure is presented in Table 2. current analysis, these differences led to some fall- '

This table shows the full-depth inel <>f detail for ute records that were reported within the NPRDS
the first general category. The entire categorization high pressure injection system configuration being

,

. scheme is presented in Appendix B (Table B 2), analyzed as component failures in Ihe chemical and |
| along with the cause coding form used to compile volume control system. :

the data. A description of the cause coding form The component boundaries utilized in the
{; and the correlation between NPRDS records and failure-cause analysis are listed in Appendis C, i

the data fields on the form are also prosided in along with eumples of subcomponents and piece !
t

! Appendis B. parts of each component. These component
i

j The unclassylab/c cause codes were used when boundaries are also different than the ones used
the NPRDS records did not proside sufficient within the NPRDS. For cumple, NPRDS sepa-

,

information to accurately determine the cause of rates failures of vals es and valve operators, w hereas i4

; the component failure. Subjectise interpretations the failure-cause study considers these as one com- |
'

of the NPRDS narratise were not made. The ponent. The boundary for diesel generators also
i unclassifiab/c cause category is resolsed into differs considerably from the boundary used within

,

|

| second and third inel codes. Howner, the third- the NPRDS.
'

level resolution of the codes indicates the effect of The failure modes, and definitions thereof, used I
l the failure rather than the actual cause. in the failure-cause identification are presented in |

Using the definition in Section 3.1, the aging Appendh D. The failure modes are, in general. |
] c'assi'ication scheme was de' eloped to allow a pro- directly related to the failure modo used in PRA

:cedural approach to be taken in the identification analysis. Whenner the PRA failure mode defini. L
i

'
of aging failures. The procedure for classifying fall- tions did not encompass the type of failure report-
ures is presented in Arpendis B. Each failure-cause able under the NPRDS guidelines, certain failure,

-

J code is assigned one of three aging, classifications: modes were chosen and defined to reprnent the I

| aging, nonaging, or conditional aging. Aging. failure descriptions actually encountered in the
.

| related failure-cause code are codes that always NP.RDS data. For cumple, the no failure failure (1 relate to time dependent effects. Eumples of these mode used for diesel generators was doeloped to !

| time dependent codes are crosion, corrosion, and indicate whea the dinel ger.erator remained opera- |1 wear. Nonssing related failure-cause codes are ble, but a failure was reported for a subcomponent
! used 'or raridom esents that cause immediate fail- of the diesel generator. This failure could hase ;
! ute of the component. Eumples of then types of resulted in the inoperability of a single train of a

)-. failure causes are fire /smoAc, impact loads, and multiple train redundant diesel generator
j electromagnetic interference. Conditional aging subsprem. *

failures are classified as aging related if informa. One type of failure-cause fraction, as used in this
|

'

tion in the failure report indicates some aging- an11pis, was derhed for use in a probabilistic risk j
; related effect code (from the categoritation analpis and is therefore specific to component and j

scheme), or some Leyword indicates that a time- failure mode fcomponent lesel calculation). :
1

dependent processis present. A fsilure categorized Manipulation of the reported failure-cause data
with a conditional aging code is classified nonaging base. allowed the calculation of cause fractions and
if the failure description indicates that a random aging tractions for the sarious components for t

esent caused an immediate failure, in some each systern. The populations for these fractions,

P

f12

; :
,



. -______________ ____ _ ________ _ _ _ - _ _ ______ - _ _ _______ _ _ _ . __ . _ _ _ _ _ _ _

I
i j

l

1

; Table 2. Example of the root cause categorisation scheme (full depth)

)
D Design / manufacturing / construction / quality assurance inadequacy

|
DC Construction error or inadequacy

DCI initial construction activity I'

'DCR Retrofit construction aethity

)
DE Design error or inad<quacy; 7

DEI initial design activity
j DER Retrofit design activity

i DM Manufacturing error or inadequacy

DQ Quality assurance error or inadequacy
I

iDQD Initial design quality assurance activity
] DQE Retrofit design quality assurance activity
I DQI Initial construction quality assurance activity 6

DQM Manufacturer quality assurance activity :
DQR Retrofit construction quality assurance activity i

| DR Plant definition requirements inadequacy; ;
1

i DRI Initial definition activity -

1 DRR Retrofit definition activity '

,

I

; are the component failures w hich occurred due to a cause was divided by the total failure count for the !
| specific failure mode. During this process, the particular system. This type of calculation allows !
I number of failures, or counts, was obtained for the analyst to identify and rank dominant mecha- |

j each component specific failure mode, individual nisms in the specific systems. !
- failure cause, and failure cause specific aging clas- The aging tr!ated failure-cause fraction data pre. I

sification. The failure-cause fraction for each sented in this study reflect upper and lomtr bounds |
| failure mode specific cornponent (excluding com. derived from the operational data source. These

}
ponents with less than five total failures) was calcu- bounds are destloped to account for the uncer- [

j lated. The number of failure mode specific tainty encountered in accurate identification of
'

component failures attributed to a particu'ar cause aging related causes on the basis of the component ;
1

) divided by the total number of component failures failure descriptions. The categorization scheme i
! in that failure mode (escluding the unclassified defines when a failure should be classified as [
| causes))ields the failure-cause fraction. The nging related to aging or nonaging. When insufficient !
j failure-cause fractions were calculated in the same information is contained in the failure description, k

manner. Failure-cause and aging failure cause frac- the aging riassification is unknown. These failures ;
'

tions were calculated for each system specafic com- are then used to estab!1sh the upper and lower [j pontat (excluding components with less than fise bounds for the aging related failure-cause frac. :

j total failures). tions. The upper bounds are calculated using the
i Failure-cause ft actions, at the system lesel, were failures classified as unknown as aging related fail-

{ calculated for each system specific failure cause, ures, while the lower bounds are calculated using "

; For these caLutations, the failure count per failure them as nonaging related failures. [
d i
< |

!4

! h

I !
; i
5 13 .
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4. RESULTS

| This section describes the results of the aging sur- data were utilized to provide a more detailed break.
vey and the failure-cause analysis. Since the two down of designations, as shown in the table for the

3

i studies used the wide spectrum on NPRDS data, NPRDS major category VALVE. The detailed
'

the results represent an average, and plant specific breakdown using the component engineering data
effects of maintenance or environment tend to be depended on the possible safety importance of the

) masked. Data gathered in FY87 have been com- component and the amnunt of data available in the |
q bined with the data gathered in FY 86, which were NPRDS. In 14 of the 15 systems, valve types were ,

presented in Volume 1. Therefore, portions of the different ated because they are an important com-i

data presented in this section are repetitise. Engl. ponent in PRA analysis (reactor protection trip sys- |
;

| necting insights based on the complete data are pre- tem docs not contsin valves). How ever,
sented in this volume. Instrumentation components were only differenti- i;

ated in the reactor protection trip system because, ;

4.1 Aging Survey Analysis in that system, the amount of data for instrumenta-
tion components is extensise, ,

The data resulting from the aging survey analysis
;

; of the NPRDS failure data are presented in Appen- 4.1.1 Aging Survey Results for Fellure Catego- ;
i dix E. The information is organized by specific sys. rios and System Effect Categories. The failure-

tem (auxiliary feedwater, component cooling water, category fractions in percent (by system) for the
etc.). For each system, the following is provided: five generic failure categories for all 15 systems are
(a) defimitions of the data fields and other informa- shown in Figures 2 through 6, with each figure cor-
tion presented in the tables, (b) summary tables for responding to an indisidual category. Analysis of i

system.lesel failure-category fractions and system data for the failure categories indicates that the L

)
effect fractions, (c) two tables (for each system) dominant failure categories are aging (32r,)(pig.

}| that present component failure-category fractions, ure 3) and other (49r ) (Figure 6). Human related je

j and (d) detailed asing survey tables. (These failures (Figurc 5) contribute only about 1.5r to ie

; detailed tables tabulats an extensive amount of the total of failures reported. Failures in the testing ;

data and are included as microfiche on the inside and maintenance (Figure 4) and design and installa- i
j back coser.) flon (Figure 2) categories are responsible for [
{ for each system, the first component failure- approsimately 7.$re and 10r , respectively.e t

category fraction table in Appendix E lists fractions The othercategory consists of failures for which t)

j (at the component level) w hlch are calculated using utility personnel could not identify the cause of
) the total system specific emponent failure count failure or the cause could not be assigned to l
; (failures for the particular component) as the another NPRDS category. The slae of the other cat. I
j denominator. The second component failure. esory is indicative of the difficulties encountered in |

|I
category fraction table in Appendix E lists frac. determining the cause of failure for certam compo. '

tions (at the systein lesel) calculated using the total nents and the practice of replacing a component or [
] system failure count (failures for all components in piece part without establiAing the reason for fail. (
|

the system) as the denominator. The significance of ure. Therefore,it is likely that some of the failures
|

these differing types of data presentation will be recorded in the other category were caused by uni- !
i discussed below. The data summaries and results dentified aging mechanisms floweser, it is also '

1 are an aggregate of the information contained in possible that the aging category could contain i

{ the detailed aging sursey tables. other types of failures. Examination of the '

j Table 3 is an i'lustration of the format of the reported failure cause study (discussed in the next
i

! detailed aging sursey tables. The tables contain the section), where the number of unclassified failures '

i distribution of failures in the fise aging survey cate. (15%) is significantly smaller, indicates generally
; gories for each fise > ear age increment for the higher component aging fractions and thus tends to !

! system specific component designation. Some support the conclusion that the other category con- ,

component designations are detailed only to the tains a significant number of aging induced fail. I

i major NPRDS components designation, as shown ures, i
) by the information for SUPORT data in the table. Examination of aging failure-category data j
| For other components, the component engineering (Figure 3) indicates that, in general, normally '

I
1 .

I (g4
'

'
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I Figure 8. Fractions of the total failures within specified systems which are unknown or categorized as [
| other. l
.

operating systems exhibit slightly higher aging frac- ever, very few failures caused a totalloss of system
I tions than standby systems. The aserage aging frac- function (see Figure 7)in any of the systems. |

j tion (in percent) for normally operating systems is !

j 36.8r., w hile t he average aging fraction (in percent)
[,

; for standby systems is 27.7r.. The normally oper.
,, ; |ating systems with the highest aging fractions are

; component cooling water, sersice water, and con- be expressed in soeral illustratise ways. One way !

j tainment isolation. The component cooling water would be to express the component aging fraction !

j s) stem in nuclear power plants is operatmg at all in terrns of only the failures experienced by that l
m @l its nspW nsm This !

; times. This constant operation results in a higher
! meidence of aging failures. River, lake, or ocean component lesel aging fraction representation is I

useful to determine the aging impacts on the per-
.

water are the normal sources for senice water,

; These influent waters contain particulates and formance of the component. Another way of repte. )

debris that accelerate some aging mechanisms such senting the component aging fraction is to espress i
it in terms of all of the various component failures ;

; as crosion and corrosion and increase the chance of in a system (this representation is referred to as i

j failures due to foreign materialintrusion. Contain-
being performed at the system lesel), in this repre- t

i ment isolation components must meet strict criteria *

sentation, the aging failures esperienced by a par.
| defined in the technical specifications or are con' ticular component are related to the total number !
! sidered failed,

of failures of all of the components in a particular I

j The relationship of failures to the reported sys* system, thereby giving a representation of the com-
tem effects is presented in Figures 7 through II. ponent's aging importance within the system.a

'

! Esamination of these figures indicates that, flowever, this should not be confused with an ['

although the fractions in the systemfunction ungf. importance that would be obtained from a probabi- i
fccred(Figure 11) category are slightly higher than listic risk calculation.
the other four system effect categories, there was To measure the uncertaiaty of the aging fraction !
no clearly dominant system effect category. }{ow- data, a statistical uncertainty study was performed

|

18
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Figure 11. Fractions of the total failures within specified systems in which the system function was
unaffected.

! on the system specific component aging fractions particulstr component in a specified syst:m) along !
| to ldentify statistically w hich componenti cshibit a with their associated estimated confidenet inter- i
i system-dependent aging impact (the denominator vals. The numbers show n with each data point are ;
j is the total number of failures for the particular the number of failures associated with that compo-

|
| component within its respecthe system). The nent in that system. The second figure displays the :
i results of this study are presented in Tables 4 and 5. component aging fractions, at the system lesel, !

The components were dhided into two groups, which reflect the importance of aging for that com- !
Components for which the systems exhibited no ponent within th sarticular system. The system- t<

I statistical dependency related to aging effect are level fractions a- .alcult.ted by taking the number }
listed in Table 4. Components for which system of aging related failures for a specific component j

dependency of aging effects could be statistically and dividing it by the total number of failures of all |,

; determined are listed in Table 5. Only four compo- components in that system. These figures represent
j nents demonstrated any statistically sigalficant dif- only a subset of the data presented in Appendis E.
! ferences between aglag fractions acrcss systems. The component data shown in the figures are for ,

i These components wcre pumps, supports, the NPRDS component designations w hich roll up !
l switches, and sabes. These results are somewhat data for similar component types. For example. |

different from those presented in Volume 1. The data for all types of valves, such as check salves, I
difference is primarily due to the performance of a motor operated vahes, and pneumatic operated |
more rigorous statistical analysis using adjusted vahes, are combined for the data illustrated for (
residual techniques, vahes. Appendis E must be consulted to obtain

)' Aging fraction representations for selected com- information about the specific components
1 ponents are presented throughout the following included in the component designation. The com-

] discussion. The first tigure of each two-figure set ponents illustrated were chosen for ses cral reasons:
j displays the component aging fractions at the com- (a) they tend to hase high aging fractions in some
i ponent level (i.e., the number of aging related fail- synems, (b) they are represented in a majority of

] ures dhided by the total number of failures of that the systems, and (:) they are used in probabilistic

2'
1

|'
.
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) Table 4. Uncertainty study: no statistical system dependency related to aging
!

l

95 %
Aging Confidence |

,

Component Fraction Interval

1

i Accumulatora o,t7 (o,o$,o,37)

l Air dryb 0.50 (0.07, 0.93)

Annunciatora 0.50 (0.12, 0,88)
,

} Battery and batte:y charging unitsa 0.32 (0.26, 0.38),

f Blower compressorC 0.60 (0.54, 0.66) y

Circuit breakerc 0.26 (0.23, 0.30)

i Electrical conductora 0.09 (0.03, 0.20) j

Ensinea 0.25 (0.22, 0.29) |
Filte6 0.56 (0.46, 0.65) i

Generator / alternator /imerterc 0.24 (0.20, # 29) !

Heat exchangersC 0.52 (0.45, 0.58) {
Heatera 0.14 (0.07, 0.25) (

L !

|
Instrumentation: computation modulec 0.28 (0.25, 0.30)

[

i instrumentation: controllerc 0.23 (0.19, 0.28) f

| I nst rumentation: indicator /recorderc 0.25 (0.21, 0.28)
'

:

; Instrumentation: electric power suppl >8 0.27 (0.22, 0.32) j.

} Instrumentation: isolation device - 0.45 (0.29, 0.62) f
8

i htechanical function unitC 0.31 (0.27, 0.41) (
t

htotorC 0.36 0.30, 0.43) !
l Penetrationa 0.80 (0.28, 0.99) I.

aPipe 0.26 (a t9,0.35)

: Relay' O.25 (0.21, 0.29) (
*

Transformera 0.16 (0.05, 0.34) I
i i
! Turbinea 0.16 (0.11. 0.23) }
l L

j Vahe operatorC 0.25 (0.24, 0.27) *

| Vesselb 0.42 (0.15, 0.72)

'
.. Tbe deletion of sptems .ith estwted ceu count less th.n 5.o led to deletion of allintems. Therefore. .ll d.t. .ere used to i

| estim.ie .ging frxtion .nd ccmfidence intensk f
b. One sprem < component comoin. tion t.nd no differerwe test).

1

ic. s,,tems .i,-e .o _t o, te,s ,,.n , ..e d - 1,e ,em..g s ,e-m-nent d. . .ere .,e to c.w.,e t,e
.,in, frut on .nd conndena intn,e.

j
r
i

ii k

I

I
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Table 5. Uncertainty study: statistical system dependency related to aging1

I
'

93 r,
,

i Aging Confidence
Component Fraction Interval Systems ;

_
,

l Instrumentation.switcha o,g9 (0.16, 0.23) IE,RPS i

0,10 (0.09, 0.13) llPIS, l.PIS, RCIC, RHR, !
! RXC. SWS <

i Pumpa 0.75 (0.70, 0.8l) CCW i

j 0.45 (0.42, 0.49) 1E, AFW, HPIS, LPIS, l
MFW, RH R, RXC, SBL, SWS i*

l

i,
i

a o,37 (o,27,o,4g) }{pgsSupports
0.20 (0.16, 0.24) LPIS, MFW, RCIC, RHR, RXC fs

!

}
i Yahca 0.58 (0.53, 0.63) CTIS !

0.49 (0.47, 0.$ 1) 1E. AFW, CCW, CTF, i"

HPIS, LPIS, MFW, RCIC, j

] RHR, RXC, SBl.. SWS !
i

i

l a. Systems with espected cett count of less than 5.0 mere deleted. The remaining splem/ component data mere used to caku' ate the

j aging taction and confidence intenal.
y

,

*

l
i risk assessments (FRAs). For use in PRAs, data little system 4o-system variability, data in Figure 13 i

} for some NPRDS component designations are usu. Indicate that, at the system le ci, systr'ms can be i

|
ally combined for components such as motor. identified where aging of sahes has a greater -|

i
; operated salves (valves and valve operators) and impact on system performance. T he data presented '

j motor-drisen pumps (pumps and motors), in Figure 13 indicate that the s> stems where the
'

,

impact of salve aging is relatively important are !

4.1.2.1 4/ng Survey Mesults for Valves, containment holation (28F ) and main feedwater |e

Aging fraction data for vahes are presented in Fig. (21''s) s) stems, followed by auxiliary feedwater j

(17r ), component cooling water (16r ). ad seru |ures 12 and 13. Data in Figure 12 indicate that com. e e

ice water (16F ) systems to a lesser extent. Alsoponent aging fractions, at the component level, for e

vahes are relathcly significant and consistent data in Figure 13 show that, at the system locl, the

be' ween systems at 50r to 60r . The exceptions aserage aging fraction (in percent) for valves ise e

are standby liquid control and containment fan sys. 12.$'s. This h the highest acerage aging fraction.
,

} tems, where vahe aging failures were less nident, at the system loel, for any of the NPRDS compo.
j Esamination of Figure 12 rescals that the associ. nent designations. Therefore, sahes are considered

4 ated confidence inter als for the valve fractions are to have the most significant contribution to the
reasonably small (20r ) due to the large vahe fait. aging.related failu'es in the systems in which theyI

e

ure populations. The confidence intervals imply reside as compared to other components,

that aging in salves is independent of the system in Even though the analysis indicates that sahes in

,
which the vahes reside. However, the uncertainty the containment isolation system are impacted by
study ascertained that aging in s ah es residmg in the aging related failures, care should be taken in draw.

{ containment isolation system is system-dependent. ing a conclusion concerning actual failure of these

j The uncertainty study also ascertained that vahes vahes. The technical specifications concerning the
in the containment isolation system hase a higher performance of these vahes and their associated

j
aging fraction (0.58) than valves in the other sys. salve operators are rigorous. Technical specifica.

q

: tems (0.49 composite) containing sahes. Esen tions gosern the maximum acceptable leak rate and

j though the analyse. .' the aging fractions of maximum acceptable response time. When any of

| vahes, at the component les el, indicate that there is the performance requirements in the technical
i

23
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specifications are not mct, the valve is considered tem, and 12% of the total reported failures were
failed. These rigorous performance requirements due te aging in vahe operators. The majority of
and the importance of sahes in the containment reported vahe operator failures in the containment |
isolation system may account for the failure popu- isolation system (see Appendis E) were for sabe )
lation associated with these sahes. Also,it should operator associated with pneumatie operated

}
be noted that the NPRDS system boundary for the valves (74.5%) and motor operated vahes (21%).
containment isolation system differs from the defi- These salve operators in the containment isolation
nition normally used by utilities (they consider it system must be able to close the sabes within a
primarily an instrument and actuation system). masimum acceptable response time. Not meeting
The NPRDS containment isolation system config- these response times constitutes a failure and is
uration consists of salves and vahe operators, as reportable under NPRDS guidelines,
well as the instrumentation, annunciators, and cir-
cuit breakers associated with these salves. Vahes 4.1.2.3 Ag/ng Survey Resuits for Pumps. The
accounted for 49% (see Appendis E) of the aging fraction data for pumps are presented in Fig-
reported failures for the containment isolation sys- ures 16 and 17. These figures identify pumps in the
tem. The majority of the reported s ahe failures (see component cooling water system as hasing the
Appendis E) were for pneumatic-operated vahes highest aging fraction at both the component inel
(62.5%) and motor operated sahes (12.5%). (75%, see Figure 16) and the system locl(14%, see

Figure 17). This is a reasonable obsenation since
4.1.2.2 Ag/ng Survey Results for Valve the component cooling water system i operating in

Operators. Aging fraction data for sabe operators a m,. clear power plant at all times. The constant
are presented in Figures 14 and 15. Data in pump operation results in increased aging effects.
Figure 14 indicate that aging, at the component This is a unique factor since most sptems within a
level, in sabe operators is aho relathely constant nuclear power phnt are not operating during all
between sptems at approximately 25%. The confi- phases of reactor operations. Some systems are not
dence intervah associated with vahe operators are required during refueling outages, and some are
slightly larger than those associated with vahes due placed in a standby mode during pow er operations.
to the failure population being slightly smallet. The The uncertainty study further indicates that the
three sptems with sery large confidence intenals componer,t cooling water pumps base statistically
and sery small failure populations are the ieactor distinguishable aging impacts when compared to
building cooling, Class IE electrical power distri- other systems. The uncertainty study result * state
bution, anJ standby liquid control sptems. The that component cooling wster pumps hase a higher
remaining 11 systems exhibited confidence inter- aging fraction (0.75) than pumps in the other

i s ah similar to each other and os erlap adequately to 11 systems containing pump < (Os45 composite). i

be considered basically the same. Thus, data in Fig- These aging fractions indicate that pump aging-,

ure 14 indicate that s.ging associated with vahe related failures hase a significant impact on their
operators is independent of the system in w hich the respecthe system's operation. Data in Figure 16
sabe operators reside. The results of the uncer- also show that the confidence intervals associated
tainty analpis support this obsenation since sahe with the pump aging fractions, at the component

| operators showed no statistical system dependency in el,5 ary considerably and are larger than the ones

! relate d to agmg. The uncertainty studfs composite associated with sahes and sabe operators. The
aging fraction for sahe operators is 0.25 with an total failure count for pumps is aho smaller than
associated confidence intenal of 0.24 to 0.27. Data the total t'or sahes and vahe operators. Addition- 1

,

illustrated in Figure 15 * aleate that aging in sabe ally, data in Figure 17 show that, at the sptem locl,
operators does not p,.> duce a significant failure aging of pumps within the senice water (11%) and
contribution at the sptem incl. Ilased on all fail- standby liquid control (7%) systens is slightly more
urcs in a sptem, the aserage aging fraction (in per- important than agirg in pumps within the other
cent) for sabe operators across all 14 sptems in nine sptems containing pumps. The,e nine sptems
w hieh they reside is only 4%. Further examination alleshibit less than 5% aging related fraction at the
of Figure 15 shows that vahe operators in the con- sptem incl. Pumps in both the senice water and
tainment isolation sptem hase the highest aging standby liquid control systems are adsersely

' fraction at the sptem lesel. Vahe operators affected by the fluid they pump. Senice water is
accounted for 35% (see Apperdis E) of the total usually riser or ocean water w hieh contains partie-
reported failures for the containment isolation sp- ulates and debris that can plug, crode, and corrode

!
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pump internals. Standby liquid control is a boric fraction. Aging related failures of component cool-
acid injection system. The boric acid environment ing water heat exchangers accounted for $re of the
can be very damaging to pu np seals. total reported failures in that system. These heat

exchangers use service water to remove heat from

4.1.2.4 Aging Survey Results for Motors. the component cooling water. In many cases, the

The aging fraction data for motors are riesented in impurities in the service water erode the tubes. As

Figures 18 and 19. NPRDS reporting guidelines stated abe, h component cooung water vstem
for motors state that all motors used as a prime is n c nstant use; therefore, these heat eschangers

moser or driser of a reportable component, such as have sersice water flowing through their tubes con- j
"" '* #" " ' 'I "8 * la pump, blower, or generator, are separately report-

able, hiotors that are a pa,i of such components as heat edangem

vahe operators, circuit breakers, and battery
chargers are considered a piece part of the respec- 4.1.2.6 Aging Survey Results for Pipes. The
th e component and reported as that corr.ponent.10 aging fraction data for pipes are presented in Fig-
Data in Figure 18 show that, at the component ures 22 and 23. The failure populations for pipes

- Ic,1, motors in the Class IE electrical power distri- were s ery small. The reactor cooling system had the
'

bution system exhibit the highest aging fraction. largest population of pipe failures with 35 failures,
The data in Figure 18 also sho.l that the confidence f 11 wed by low pressure injection system (20) and

i h the aging fractions cdc't- high pressure injection system (19). The confi-in'.ervals associatC t

lated for motors are relatisely large due to the small dence in'ervals associated with pipes are very large
'

failure populations. Data in Figure 19 show that, at due to Ihe small failure population for each system.
,

the system lesel, aging related failures of me. tors Thus, aging in pipes is statistically mdependent of
are relatis ely insignificant contributors to total fail- the system ,m which they reside. The composite
ures, with the aserag aging related failure traction e mponent aging fraction resulting from the statis-
(in percent) being approximately 1.5e . Of the vari- tical analysis for pipes is 0.26 with an associatede

- ous 9 stems, motors in the reactor building cooling c nfidence interval of 0.19 to 0.35. Data in
| system exhibit the highest aging fraction. The Figure 23 show that the pipe failures in the reactoi
I moters in the reactor building cooling system drise e ling s) stem are only Ire of the totalcomponent
'

the blowers in that system. These blowers are oper- failures in that system and that pipe failures in the
ating continuously to cool the reactor building, ther systems exhibit an even smaller fraction of
Alotor failures in the reactor building cooling sys- the total component failures in their respectise sys-

i tem account for 17re of the total reported system tems. Thus, aging related pipe failures are not sig-
failures, with 6r being related to aging. nificant contributors to the failure peputationse

i

within those systems.

4.1.2.5 Aging Survey Results for Heat 4.1.2.7 Aging Survey Results for Circuit
Exchangers. The aging fraction data for heat Breakers. The aging fraction data for circuit
eschangers are presented in Figures 20 snd 21. breakers are presenteu in Figures 24 and 25. Circuit
Data in f igure 20 show that, at the co.uponent breakers appear in all 15 systems studied. Their
lesel, heat eschangers base a relatisely high aging population ranges from two in the standby liquid

i fraction (ranging from 30r to 68r ). Of these sys- control system to 243 in the Class IE electricale e

tems, the main feedwater heat eschangers base the power distribution system; therefore, their confi-
4

highest aging fraction. These heat eschangers are dence intervals (Figure 24) vary considerably. Data
used as feedwater heaters arid are located down- in Figure 24 show that the main feedwater system
stream of the turbine exhaust. It is suspected that has the highest aging-related fraction for circuit
the steam emironment contributes to the degrada- breakers, but the failure population is only nine,i tion process. How eser, the uncertainty study results The Class IE electrical power distribution system,
and namination of the confidence intervals in Fig- which has the largtsi population, has a relatiselyI

ute 20 indicate aging of heat exchangers does not low aging related fraction (0.24) associated with it,
show a system dependenee. Data in Figure 21 indi- Data in Figure 25 show that, at the system lesel,
cote that, at the sutem lesel, heat eschangers are aging in circuit breakers does not significantly
not signitieant contributors to system failure, with impact system operation The aserage aging-
the aserage aging fraction being 2r . The compo- related fraction (in percent 3 at the system level ise

nent cooling water estem has the highest aging 2r,e
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__ __

4.1.3 Aging Survey Results at the System pumps in the Clan lli electrical power distribution
Level. !!ased on the analpes, the components sptem Wigure 27) and the data for sabes in the
which eshibit statistical 5) stem dependency and component cooling water system (l'igure 26), the
significant aging fractior,s are sabe and pumps. A time dependent aging fractions and confidence
ranking of the sptemarceifie component aging intenah indicate the potential for constant aging
fractions, at the sptem lesel, is presented in fractions with time.
Table 6. Table 6 is a list of only the sptemapecifie it was espected that the pattern would show an ,

'

components whrse aging related fraction (in peg, increasc in aging failurn with an inercase ,n the age

I cent) at the sptem inel k greater than $%. Thoe of the ,omponent up to the useful lifetime of the
fractions are calculated b) disiding the number of compenent. Howner, some of the componenti
aging related failures for a specific component by studied may hase usefullifetimn only in the range

the total number of failures for all components in of $ to 10 yr. This is especially true of the compo.
,

its te peethe sptem. Vahes in the containment iso- nent piece parts or internah that age more rapidly l

lation sptem eshibit the highe t aging related frae- than the component structural parts. I urthermore,

1 tion (0.2$) of all the aptemopecific components sery few components base e perienced an esposure

i analped. Vahe aging related failures in main feed. time into the l$ to 20->r range. This causes the

water, ausiliar) feedwater, component cooling esisting time dependent aging frastions to be scry

i water, and ser ice water ako rank in the top fhe uncertai, due to sparse data. This b illustrated in

sptemarecific components. Pumps in the compo, l'igurn 26 and 27 hy Ihe large confidence inteneis
calculated for the fractions in the l$.to 20 >r dhi-nent cooling water sptem ethibit the bishot aging.
sion. Additionally, the data utiliicd in this study arerelated fraetton for pumps, at the spterr. loci, and

rank sisth on the list of important sptemapecific affected by sariable such as plant maintenance
practices, the age of the plant, and NPRDS report-

component s.
ing practices. Plant maintenance of ten re ults in

i 414 Aging Survey Results of Time Dependent the complete rejusenation of a component; how-
Stud y. A study was made of the time dependene) e er, occasionally, plant maintenance roults in
of aging related failures for spiem specific compo- aceclerated con ponent degradation. The impnt of
nents. T he time dependent aging fractiom for the e sariables cannot be aucued from the data
sptem specific components hasing at least 10 fail- contained in the NPRDS data base. To addren the,

I
ure counts are listed in Tible 7. Since sabes and effecthenen of maintenance on contielling aging,'

pumps haJ the highet failure populations, data for plant specific maintenance practices and compo-
I thne two components were chosen to illustrate the nent maintenance historie would have to be stud-

'

time dependent fractions. Confidence intenah ied. As discuned earlier, this t>pe of analpis was |i

were calculated for the sabe anJ pump data to beyond the wrpe of the current study. ;

| illustrate any potential trending of the data. Daia in The data eshibit potential time dependent trends

|
l'igure 26 illustrate the time upendent fractions when the postulated confidence intenals are con- {
for sabe in m dillerent sptems along with their sidered, with most components hasing an increas- t

;
anoviated eonfidenec intenah. Similar pump data ing (to some degree) failure rate with time, i

4

) are show n in iigure 27. T he sptems chosen for the flowner, some components may statisticall) or !

] illust= tion were the m sptems with the tegnt actuall) hase constant failure rates, which would i

component populations for that component. The indicate that aging effects are not important to

]
fractions were calculated uung the comp..icnt fail- thne components oser their hfetime. Statatical

1 ute population within each of the time intenah analpis could be used to calculate the failure rate
j (number in parenthnes in the figures) as the not. inercaso but was beyond the scope of this study,

malizing bash.
T he data exhibit ducermble time dependenein in 4,2 Reported Failure Cause

aging related failure as indicated m ligure 26 b)
the data for sahes m the high preuure injection, Af1alysis
roidual hcit remosal, and main feeJwater sptems.'

) ITamination of the time-dependent fre. ions along in Ihe reported failure eause analpis, 2012
w tth their patulated confidence inten. ndicato component failure records were carefull) e alu-'

that most of the i'ustrated data hase the potential ated. Table 5 is a summar) of all the componentli

for increaung S.ng related failure ft , ions with failurn for the sptems studied in this analpis. The

! time. Iloweser, in some caso, such ' e data tot data are ordered by lower bound aging fra tion.
I

; 3)

I
.
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Table 6. Ranking of system specific components by systom level aging fractions
;

Aging
Sprem Component f agionl

Containment isolation Valve 0.283

Main feedwater Yahe 0.212

Ausiliary feedwater Vahe 0.165

Component cooling water Yahe 0.159

Sersice water Yahe 0.158
,

Component cooling water l' ump 0,140

Reactor core isolation cooling Vahe 0.127i

Residual heat remosal Yahe 0.121

Containment isolat on Yahe operator 0.120 i

i |

'
High preuure injection Yahe 0.114

Sersice water l' ump 0.111
t
; Standby liquid control Yahe 0.M2
t'

.

Reaetor buildmg cooling Vahe 0.092,

I low preuureinjection Yahe 0.0A2
1

Reactor protecticn trip instrumentation-
computation module 0.073

,

j Sersice warer Yah e operator 0.0?l
1

; 5tandby liquid control Pump 0.069
t

1

j Reactor building cooling Motor 0.062
.

low preuurc injection Support 0 062
d

Clan IE electrical power Lilower 0.059
-

dattibution

Reactor cochng Vahe 0 057
'

Clan IE elevtrical power ingi.nc 0.0$ t, jdat 6bution
.I
"

Containment fan Circuit breaker 0.05)

i

i

!

36



; i

_

_

.

.

._.

.

_

-1
. y
_ n

1 6 3360 0 0 6 M0 0 U 0 0 )X 07 0 0 )X 7o 6o0 370 0 0 7 -I 7 1_ 0 0t 00 06 0 0 M I 2
_ i2 x
- co 1 1 231 5 0 0 6 3. 0 0000.M 26 0 0. t. 3. 0 5t (

0000 0 .

rt 0 0 0000 0 0 0 00 0000000a 1

F5_

_ 1 ,
(

-
_

-
_

_ ~

-

-I

3
-

_ m9 5 0 70 4073075 6 768 3 9 -

M( 1 5 1 338 553531 4 349 2

_ c 2 7 2333 5 3 2 7. 8 22331 2. I. 2 M.2 4 2 3
i4 7 3 3331 7 5 24 I

_ t 1

ao 0 0 0000 0 0 0 00 000061 00 0 0000 0
nr t

_
e

l' 0 -
-

1 ,
(

_
_

,-.

_
m

.

_ )

m) .

-k 9 9 5 7429 7 8 3 2f 0558324 2 778 9 8
5S258R9 8 540x 71 2 1 17 3 7267 99 31 22 2c 3 6 s. 341 1 5 2 33 20.I. 01 1 1 1t ~

ao 0 0 0000 0 0 0 00 00O0000 0 0000 0 ~.-

r t

_ 'I ~5
(

_

_

_
m
m

_ .
1

w_ my_ I
-

6O7823 9 3700_ k 9 7 2 2735 5 6 1 53 1

1 5 208 3 5 1 23 42( 6774 2 4650 5 -

4 C,c 3 5 21 02 1
.

2 63 20.I. 001 0 2 1
I. 1 2 2

-

t

~a ao 0 0 01 00 0 U 0 00 0000000 0 0000 0
r t 3 -s

_ I on (o -

_ i n.

t -

_
c .

a -r
f -

g s -

_ n ar 3 7 94R 0 2 ; 3 N3 3N37743 9 5 993 2 -el

0 0 E5 95 6701 8 0 571 0 3e u 4 4730g tol 2 2 2 1 5 1 4 3 I 25 2 21 9
11

ia l a ~-
-

t I

n .

_ e
d

-

_
n +

e _ wp
_ 'u.

-

-

_
e
d d -

o ~e m mm__
i r m o .t e k m.
t t

n a -

t
-

_ n a li t r r r
t -ceee_ e *

n n m hhhhhlih t dddd> u e

p -i t r wr re
m

tccc c c c co / oioo n -t

p _ o uumnuuwitr i i t t t itt_

m c cc c w ,
a a e

._ m. p t s s s s s s s c r r r r
t eeee u -a

m n : : : : : : : :

mmmm
:

_mmmmmmm m
::::

m -

_ o
_ c o r_

r r r r te arc kkhkkkk k khkk
ta ,

C eece
la nn

t t t l t t t t t r t
u

trc
a a 'a a aaaaaaa a taaaak tk_ i

f t s t t t t t t t t t t t/ ua nnnnnnn n nnnn ni ceee r hc o eeeeeee e eeee ee r r r l

e bbbb
ta

. us mmmmmmm m mmmm m
.

-_ yp _ i it t t c cc uuuuuuu u uuuu ua
t

ui n t,s ,c m u r c t s : r r r r r t r
s

uut r r e e
c ( cc ir

l

C.
n

te n aa ouut uu ut 4i tt

m o
iCCCC l' I

m n n n r: nn m mnmm n
sc cc

_
,, r r r r

l i ii i l ile g I l I I I I I I I I iI I I I
I

t
s

_y
_

_ S
_

_. _.

7 _
e m S %C R NC S R%

_
% SR S WC SSV l'

l e I l
1 l I> * * II

l
tn ;g l l 8 l

l
i W E CN i l' I *CI A l' l'

P.R R R RI'
l1 I

a i i3 i fI i R RRR RCR.R ST S ii t 1i|y I I 1 f
_
_

.

_ *?

.
d

1

|
I j ]i | | )jIjj| ,l j' j ji Ii



. _ _ _ - -_ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ ._.__ _ _ _ ___________ _ .___ _ _ _ _ _ __ _ _ _ _ - _ _ . _ ____- _ _ _ _ _ - - _ - - _ ______

Table 7. (continued)

Total Irattk,.i l'ractkm Fractkm I'ractkm
Syuem Cewnpumcre. Iailures to to 4.93) 15 to 9.93) I10 to 14.9 } ) I15 to 20 y)

RI*S Inu rumentatkm: clet1ric 270 0.2tM O.2f.6 0.270 0.s 67
pimer supply

1Al W Inurumentatkm: trammitter 7A 0.020 0.261 0.200 03NN) |

CCW Inurumentatkws: t ranunstler 61 0.l M O.231 Olue I (No
IIl'IS Imtiumensatkm: rammit er 262 0.I N O.107 0.IN2 0.000 i%11 W Inurumentation: trammitter R2 0.f47 0.222 0.CR3 0.00MllR Inutumentathm: trammitter iN4 0.130 0.0(o 0.161 0.500 |RPS Inurumentat km: aransmitter 942 0.206 0. I I 3 0.32R 0.222RXC Inurumentask n: tranumster 123 0.024 0.159 0.037 0.fWe

!!! %Icthanical iurwthm criit $5 0.IIN O.421 0.222 0.(N U

s SWS Alem w it. 0.N H 0.286 0.6I I 0.00
; IF Pump 69 0.619 0.610 0.524 0.(x0AlW Pur ip iII 0.I32 0.120 0.531 0.00CCW l' ump IM5 9.585 0.717 0.910 0.714IlPIS Pump 103 sp.242 0.290 0.4K7 0.000RIIR Pump N7 0.5(o 0.385 0.545 f.000RXC Pump 94 0.295 0.378 0.167 1.01 0SWS Pump 252 0.4RM 0.(42 0.581 f.ax)

Ili Rel., A9 0.182 0.188 0.391 1.aup
RPS Ret.ry 3NI 0. lf.N 0.252 O_363 6.0t0
IIPIS Support 54 0.217 0.550 0.190 0.000

l

1.PIS Support $4 0.333 0.2hD 0.143 I.000All W Suly wt 55 0.054 0.294 OJan 0.unRIIR Suppor 264 0.074 0.169 0.079 03100i RXC Susp wt AA 0.254 0.4 % 0.2E6 0.000|

Al W lurbine to 0.115 0.815 0.167 0.5(o
I

1

, - - . - _ _ _ _ . . . - . .- , - . . ~ _ _ . - - - . - , _ - _ - . _.__ - . . - - . - . . _- , , . -_ .
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i Table 8. Component failuces and aging fractions as determined by the reported causes of
failure studya

d tower. Upper. tower.d Upper.d
j 16ound Bound Mound Hound

TotalC Aging Aging Aging Aging'

Sptem /Componentsb Failures _ Total _ Total . Fraction fraction

Ausiliary icedwster

Relief sahr 1 7 7 1,000 1.000

Cheel sabe 90 78 83 0.867 0.922 |;
-I Hand control sabe 16 12 13 0.7$0 0.938

'

Snubber 7 $ $ 0,714 0.714
; Pneumst!c operated sahe 100 63 79 0,630 0.790 [
,

l
i Circuit breaker 8 $ 7 0,62$ 0.875
i flow transmitter 27 14 22 0,$ 19 0.815

hiotor-operated sahe 43 22 36 0,$12 0,837 1

Ilow control recorder 10 $ 9 0,$00 0,900 I

hiotor-drhen pump 63 30 42 0.476 0.667 |

|
Turbine-drhen pump $8 27 38 0.466 0.633

! t cel controller 18 8 17 0.444 0.944

| Pressure switch 21 9 18 0,429 0.857
Pressure contioller 7 3 $ 0.429 0,114

flow controller 19 8 13 0.421 0.684

Relay 12 $ 9 0.417 0.750
l.cs ci cont rolindicator 20 7 14 0,350 0.700

.

j Prosure transmitter 17 $ 12 0.294 0.706
Support $ 0 4 0.000 0.800

i Total $48 313 43$

Sprem aging fractions 0.571 0.794

Chemi,al and Volums Control
,

Nioior-drhen pump 29 23 25 0,793 0.862
Nlotor operated sahe 46 34 43 0,739 0.935
1.oel controller 7 4 4 0.$71 0.$71
Heat tracing heater 9 $ 1 0.556 0,778

Circuit breaker $ 1 4 0.200 0.600
t nel trar'smittet 19 3 14 0.156 0 737

local 115 70 97

I

Splem aging fractions 0.fo9 0.84) )

Class 10 Electricalibwer Distribution |i

DC lbwer Supply Subsptem

Imerter 63 18 38 0.246 0.f43
'

Cireuit breaker $ I i 0.200 0.200
,

Total 68 19 39
!

| Sub$ptem aging fractions 0.279 0.$74

f
4

39i

_ _ _ _ _ _
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j TWe 8 (continued)
i

! Lower. Upper. towerd Upper.d
! Ilound Ilound !!ound flound
1 TotalC Aging Aging Aging Aging |

Sptem / Component sb failures Total Total Fraction Traction
1

1

] Class 10 I leetrical Power Datribution (continued)

| I:mergency Onsite Ibwer Supply Subsptem

Diesel generator |13 66 0.354 0.761
j Circuit breaker $ 2_ 0.400 1,000

;

) '
'

Total 118 68 11
l
i Subsprem asing fractions 0.$76 0.771 f

1 Uninterruptible ibact Supply subsptem !
!

liatter) charging unit 3$ 18 34 0.$ 14 0.971
<

ilatter) 10 $ 10 0.500 1.(00
!

Total 45 23 44 (

Subsprem aging fractions 0.511 0.978 [

liigh Preuure injection

Relief sabe 18 17 17 0.944 0,?44*

j Snubber 10 9 10 0.900 1.0tV) '

|
Che;L uhe la l$ $$ 0 n)) 0.61) i

Pneumatie-operated sabe 10 8 10 0. s t o 1.0t'O
'

;

; lland control sabe 12 7 *) 0.5%) 0,750 f
Circuit breaker i1 6 9 0,$4! 0.81R

'

] Preuure t ransmitter 6 3 6 0.f(O IJO) ,

i lleat tracing heater 21 10 14 0.476 0.667 !
) Niotor-drhen pump 17 8 12 0.471 0.*06 l
; Niotor operated sabe 70 32 $) 0 457 0.757
1 Ilow transmitter 17 7 17 0.412 1,000

t oad sequence controller 10 4 6 0.4(O DAO
I esel transmitter 21 4 20 0.190 0.952

i
Total 241 130 198 L

i

Sp',em aging fra,tions 0.$39 0 322
|>

| Seniec Water l

flow switch 16 16 16 Ilu) 1.(to j
i Cheek sabe 31 27 28 0 171 0,90) !
i 5ttainer 21 17 IE 0.610 0.837 !

| \lotor drisen pump 167 129 140 0.772 0. 6)$ [
j Pneumatie-operated sabe 47 36 45 0.766 0.937 .

i !

j !
1 ,

i

i

|,

40 i
l, !

._ - - _. _ - _ _ - _ _ _ _ - -_ . _. . - - - _.. - - - _ - - - . - _ -
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i Table 8. (continued) i

4

'

Low er- Upper- Lower.d Upper d'

Bound Bound Bound Bound
.

TotalC Aging Aging Aging Aging*

,

_Sntim/ Component,b failures Total Total fraction [ragtion |

;*

Sersiec Water (continued)

Pressure indicator 6 4 6 0.667 1.000
,

4 Hand control sabe 17 |t 12 0.647 0.706 !

! Ilow indicator $ 3 4 0.600 0.100
Circuit breaker 17 9 12 0 !29 0,706'

| Motor operated sabe ill 43 _ 9) 0.)S7 0.835
!

t

! Total 438 295 ,174 ;

Sptem aging fractions 0.674 0.854

l
I

9 ower townd astrig fra,ttons.la Daia hase hen hued tj
I'

ti Data useJ twlwJe components e dh < $ total faiNre sownts. 1

l
e Data wwJ entwJe fahre recorJs in uhich rahre cause nas undasufiaNe.

,

t

j J f raa,on deeminator n splem osomportent sembination fahre total -

l
i

i1

| The complete data analpin set is presented in The following sections discuss the detailed f
j Appendis F. The data presented in Table 8 consist rnults of the reported feiture cause analpis for the <

of the total failurn, lower bound total aging tail- ausiliary feed *ater, high preuure injection, setsiet ij

j ures, upper bound total aging failures, lower- water, and Class IE electrical power disti'bution !

bound aging fraction, and upper bound aging sptems. Only the signineant failure modes and4

fraction for sptem specific componert combina- failure causes are cosered, A failure rnode is consid-

tions. The upper bound data include, as aging- cred significant if 20re or greater of the failures for r,

! related failures, the records with an aging a sptem specific component ere duc to that partie- |
J elanifteation of uninown; whereas, the lower- plar failure inode. Signifieant failure causes are i

| bound data esclude those records. The data pre- defined as failure causes that hae greater than fise f
l sented reprnent the aggregation of the specific failure counts and that account for greater than i

] component and failure mode data presented in 10re of the failures within a putteular analytical |
i Appendis F. The stud > determined (Table 8) that boundary. Additional data may IN: proented in the t

I the ausibar) feedwater sptem has a lower bound referenced figures and tabin. These additional data .

; fraction (esprened in percent) of $7Fe and an are presided for comparathe analpis only. The ref- |
( upper bound of 79'e for aging related failures; the erenced figurnillustratetwhtheupper andlower- |

| chemical and wlume control sptem eshibited 61 re bound aging fractions for the particular anal >tical |

j to We aging related failutn; the high-prosure boundary. A crosshatch indicates whers the lower !
'

j injection sprem eshibited $4r to $2r ; and the bound and the upper bound oserlap.e e

| ,cruce water sptem eshibited 67r, to $$r , respes- Table 9 is a summary of the failure data from thise

tisels The subsptems of the Class IE electrical study for selected sptems and components. Only,

power distribution sptem eshibited the following the dommant fadwe cuts (counts gererer than'

, lower and upper bound aging fractions (espressed Jhe) with their respectise failure mode are item-
| in pereent), respectiscip direet current power sub- ired. The salues in the totalcounts uiumn refer to

splem, We to $1r ; emergency onsite power sub- the total number of failures for tr.e sptem-specificj e

e to ??r ; and instrum:ntation and component and the specific failure mode listed.sptem, !$r e

uninterruptible power supply subsptem, $1r to The upper and lower bound aging fractions aree

98r . aho indieated.e

41 ;

___ _- __ - - - - - _ - - _ - - _ _
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Table 9. !cor:tinued)

tower- Upper-
Failure- Bound llound

Total Cauw Aging Aging
Syvem/Componer.ts Failure N1 ode Counts Dominant Failure C use Fraction Fraction Fraction

Chemical and Volume Control (continued) .

Alotor-operated valses Euernalleakage 9 Wear 0.889 0.889 0.889

Faih to clow 22 Wear 0.455 0.455 0.455

Claw IE E!cctrical Ibwer Diuribution

DC Power Supply Subsyvem

Itattery chargers low of function 35 Faulty module 0.657 0.400 0.657

Emergency Onsite Power Supply Subsystem

Diewi generator Faih Io run 43 Wear 0.326 0.326 0.326

No failure 49 Water intrusion 0.184 0.041 0.061
Wear 0.122 0.122 0.122
Cyclic fatigue 0.102 0.102 0.102

Inurument and Uninterruptible Power Supply Subsystem

i m erters las of function 63 Design error or inadequacy 0.079 0.000 0.016
Wear 0.079 0.079 0.076
Electrical oscrload 0.143 0.000 0.016
Faulty module 0.286 0.079 0.222
Short circuit 0.127 0.016 0.079

liigh-Prewure injection

Check sahes Internal leakage 15 Wear 0.600 0.600 0.600

Slotor-operated Externalleakage 7 Wear 0.857 0.857 0.857
vahes

Fails to close 20 $ndingout of adjustment 0.300 0.100 0.250

_ _ - _- - - _ _ _ _ _ __
-

_ _ _ . _ _ _ _ - _ _
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Table S. (continued)

I

lower- Upper-
Failure- Bound Bound

Tiital Cauw Aging Aging
Syuem/ Components Failure Mode Counts Dominant Failure Cauw Fraction Fraction Fraction

1

Sersice Water

Check ahes Internalleakage 25 Wear 0.480 3.480 0.480
Corrosion 0.240 0.240 0.240

Motor-operated EsternalIcaLage 7 Wear 0.714 0.714 0.714,

vahes1

Fails to open 27 Binding /out of adjustment 0.296 0.037 0.222
,

Fails to close 43 Wear 0.140 0.140 0.140
Binding /out of adjustment 0.535 0.000 0.438

Fails to operate 17 Binding /out of adjustment 0.294 0.059. 0.235
as requiredu

u
'

Pneumatic-operated ExiernalleaLage 5 Wear 1.000 1.000 1.000
', uhes
1 Fails to close 15 Wear 0.333 0.333 0.333
3
: Fails to operate 13 Wear 0.385 0.385 0.385
j as required

Motor-driven pum% Fails to run 89 Wear 0.326 0.326 ' O.326,

Binding /out of adjustment 0.112 0.011 0.067,

) Foreign materialintrusion 0.258 0.180 0.180
i

[ ExternalIcaLage M Wear 0.703 0.703 0.703 ;
f Foreign materialintrusion 0.141 0.125 0.125

Strainers less of function 13 Wear 0.615 0.615 0.615

Plugged 8 Foreign m terialintrusion 0.750 0.500 0.500

4
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4.2.1 Reported Failure Cause Results for Auxil- wear mechanism accounted for 70% of the check
lary Feedwater System. Selected data for the valve failures for the failure mode internal /cakage
auxiliary feedwater system are illustrated in (see Figure 30 and Table 9). The piece part most
Figures 28 through 30. The total number of com- affected by the wear mechanism in check valves for

ponent failures in Figure 28 and Table 8 indicates the failure mode internalleakage was the valve seat.

| that pneumatic operated salves and check vahes The data in Figure 28 and Table 8 aho indicate
I

are the two auxiliary feedwater components hasing that motor driven pumps and turbine driven
the highest potential impact on the system due to pumps in the auxiliary feedwater system hase rela--

aging. There were 100 failures examined for tively significant impact on the system perform-
pneumatic operated valves and 90 failures for ance due to total number of failures for these

icheck valves. The aging related failure fraction (in components (63 and $8, respectively). Aging
percent) for pneumatic operated valves has a lower accounted for 48% of the motor drhen pump fail-
bound of 63ro and an upper bound of 79%. The ures and 47ro of the turbine drhen pump failures. .

'

fraction for check sahes ranges from 87r, to 92%. The dominant failure mode for both types of
The dominant failure causes for pneumatic. pumps wasfails to run, which accounted for $2To j

operated vahes were wear and binding /out of of the motor-drhen pump failures and 67% of the |

adjustment which comprise 39% and 16%, respec- turbine-driven pump failures. The dominant aging- ;
,

theiy, of the total pneumatic operated sabe fail- related failure cause for thefails to run failure mode
ures (see Table F 14). The dominant failure cause for both types of pumps was wear. if earaccounted

for 21% of thefails to run failures for motor drivenfor check sahes was wear, which accounts for 60re
of the total check valve failures (see Table F-4). pumps and 2gro of the fails to run failures for

Data, by selected failure modes, for pneumatic- turbine-driven pumps. For motor drhen pump ;

operated vahes in the auxiliary feedwater system failures, the motor bearings were the dominant
,

are show n in Figure 29. The dominant failure mode piece part that failed due to the wear mechanism,
for pneumatie operated sahes was fails to close The study determined the turbine was the subcom-
which accounted for 49re of the pneumatic- ponent most affected by the wcar mechanism in the !

operated sahe failures. As indicated by th data in turbine driven pump failures. The dominant tur-
Figure 29 and Table 9, the dominant aging related bine piece parts that were affected included seats,
failure causes for pneumatic operated valve failures O rings, packing, and gosernor vahes, f
for the failure modefails to close were wear (37"o)
and binding /out of adjustment (20%). The study 4.2.2 Reported Failure Cause Results for High- ;

determined the subcomponents most affected by Pressure Injection System. Selected data for
the wear mechanism were the vahe operator and the high pressure injection system are illustrated in f
the vahe internals. Similarly, the piece parts Figures 31 and 32.Thetotalnumberofcomponent i

affected by the binding /out of adjustment mecha- failures, as shown in Figure 31 and Table 8, indi- :
nism were the limit and torque switches in the sahe cates that the component in the high-pressure injec. l

operator. Failures due toforeign materia / intrusion tion system with the highest potential impact on !
accounted for 22% of the pneumatic operated system performance was the motor-operated vahe. !<

vahe fails to close failures. However, the majority There were 70 failures reported for motor operated {
of these failures were nonaging related.The failure vahes. The dominant failure cause for motor- ;

mode, fails to open, accounted for 20% of the operated valves was wear. Ilear accounted for j"

pneumatic operated vahe failures. The data show n 28.$% of the total motor-operated vahe failures in !s

! in Figure 29and Table 9 indicate that the dominant the high p essure injection system followed by !

aging related failure cause for pneumatic operated binding /out of adjustment (20%), human mainte- !
vahe failures for the failure modefails to open was nonce error (l3%), and foreign materialintrusion |

wear (30%). The study determined the subcompo- (11.5%)(see Table F 42).The subcomponent most |
1 nents mest affected by the wear mechanism were affected by the wear mechanism was the vahe oper- |

i piece parts of the vahe operator such as air regula- ator. Binding /out of adjustment affected the sahe I

!
j tors, limit switches, and couplings. operator's torque and limit switches, and foreign

fData, by selected failure modes, for check salves material /ntrusion 1.tlled the sabe operator's con-
|i in the auxiliary feedwater system are shown in Fig- tacts.

| ure 30. The dominant failure mode for auxiliary Data, by selected failure modes, for motor- i

feedwater check sahes was internalleakage, w hich operated sahes in the high. pressure injection sys- !

accounted for 73% of the check sahe failures. The tem are illustrated in Figure 32. The dominant !

1 I

'
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Figure 28. C.smponent aging fractions for the auxiliary feedwater system.
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Figure 30. Failure-cause and aging fractions for ausiliary feedwater check vahes for selected failure
modes.
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Figure 32. Failure-cause and aging fractions for high pressure injection system motor operated vahes for
selected failure modes.

failure modes for high pressure injection motor- 4.2.3 Reported Failure Cause Results for Serv-
operated vahes were fa!/s to open/f:rils to close Ice Water System. Selected data for the service
(34r ) andfails to close (29r ). None of the failure water system are illustrated in Figures 33e e

causes for the failure mode fails to open/ fails to through 35. The total number of component fall-
close were determined to be significant because ures in Figure 33 and Table 8 indicates that the serv-

their failure counts were not greater than fhe, ice water compcnent having the highest potential
Howeser, for the failure mode fails to close, impact on the system due to agmg was the motor-
binding /out of adjustment was tue dominant fail- drhen pump. There were 167 failures reported for

ure cause, hasing accounted for 30re of thne fail, motor driven pumps. The dominant failure causes

ures(see Figure 32 and Table 9). The vahe operator f r motor driven pumps were wear (45r ) andfor-e

dominated the binding /out of adjustment closure eign materialintrusion (21r )(sce Table F 52). Thee

failures with the piece parts affected being the subcomponents most affected by the wear mecha-

torque and limit switches. nism were the pump seals and paciting. Theforeign
material intrusion failures were primarily due to

For the chemical and volume control portion of sand and other particulates sometimes found in
the high pressure injection system, the component influent service water. '

with the highest potential for affecting system per- Data, by selected failure mode, for motor driven
formance was also the motor operated vahc (see pumps in the sersice water system are illustrated in
Table 8). There wcre 46 reported failures associated Figure 34. The dominant failure modes for these
with the chemical and volume control system. The pumps w erefails to run (53re) and externalleakage

,

dominant failure mode for these vahes wasfails to (380e). Iliar andforeign materia / intrusion were the j
close(4Sr. of total motor operated sabe failures), dominant reported failure causes of these two fail- j
which was the same as for the high pressure injec- ure modes. Data in Figure 34 and Table 9 indicate i

tion system. These closure failures, howeser, were that wear accounted for 32.6re of thefalls to run '

'dominated by wear. The wear mechanism failures and 70.3re of the external /catace failures;
accounted for 45re of the closure failures (see and /oreign materialintrusion accounted for 14re
Table 9). The dominant piece part affected by the of thefails to run failures and 25.8re of the external |

| wear mechanism was the 5ahe seat. /cakage failures. Inspection of the failure records
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Figure 33. Component aging fractions for the sersice water system.
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Figure 35. Failure-cause and aging fractions for sersice water check valves for selected failure modes.

pertinent to sersice water system motor crhen Table 9 further indicate that, for motor-operated
pumps shows that the failures for the failure mode valves, the out of adjustment failure cause displays
externalleakage were caused by wear of the pump a potentially high aging contribution for the failure
seah and pump packing orforeign materialintru- modes of fails to close, fails to open, and fails to
sion into the pump seals. The wear mechanism operate as required. Examination of the failure
affecting the motor-drhen pump failures for the records reveals that out of adjustment is associated
failure mode fails to run was associated with the with the valve operator and the time recuirement
pump internals such as bearings, impeller, and for actuation of the vahe mosement.
shaft. Many of these failures stated internal wear or Sersice water system check valves were signifi-
general pump wearout as the cause of failure. The cantly affected by aging. The aging fractions calcu.
wear mechanism was aho associated with the lated for senice water system check vahes range
motor of the motor drhen pump and usually from 0.87 to 0.90 (see Hgure 33 and Table 8). Data !

affected the motor bearings. As stated abose, sand for service water check vahes by selected failure
and other particulates found in the influent water modes are illustrated in Figure 35. The dominant
were the dominant cause of the foreign material failure mode was internallcakage (81%), with the
intrusion failures, dominant aging failure causes having been wear

The senice water system components with the (48%) and corrosion (24%). Examination of the
second highest potential for aging impacts on sys- failure records indicates that the piece parts rnost
tem operation were motor operated salves. There atfeeted by wear were the valve seat and sabe disc,
were li t failures reported for motor-operated as would be expected. Failures of the valve body
sabes (we Figure 33 and Table 8). The roulting and the vahe internals were attributable to corro-
potential aging fraction range (in percent) was 39% sion,
to 84%. The largest number of failures occurred Senice water system strainers edibited the se:-
for the failure modefails to close, inspection of the ond highest lower bound aging.related failure frac-
failure recos indicates that wear h the dominant tion (see Figure 33 and Table 8). Inspection of the
aging failure cause. Iliar, which accounted for failure records indicates that packing wear and
13% of the motor-operated sabe failures (see plugging due to particulate in the influent water
Table F-53), often caused the failure of the sahe were the dominant contributors to failure of service
stem connection to the sabe operator. Data in water strainers.
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4.2.4 Reported Failure-Cause Results for Class 1E pumps, and turbine drisen pumps. Of these com-
Electrical Power Distribution System. Selected ponents, check valves had the highest aging per-
data for the Class lE electrical power distribution centage range of 14ro to 15fo (percentages
system are illustrated in Figures 36 and 37. The calculated at the system level). For the chemical and
total number of component failures in Figure 36 solume control (not shown in Figure 38) and high-
and Table 8 indicates that the diesel generators w ere pressure injection systems, the component of
the largest single contributor of failures for the importhnce, at the system lesel, was the motor-
Class IE subsystems. This was, in part, because of operated vahe. The aging percentage range for
the component bounJaries deseloped for the diesel motor-operated vahes in the chemical and volume
generator for the failure-cause study (see control system was 30r to 37ro and in the high.e

Appendix C). Aging related failures comprised pressure injection system,13re to 22r . The com-e

58r to 76% of the total diesel generator failures ponents in the sersice water system with the highesto

within the emergency onsite power supply subsys- system importance were motor drisen pumps,
tem. The largest single aging failure cause for diesel motor-operated vahes, and pneumatic-operated
generators was wear (19.5r )(see Table F-31). vahes. The motor drhen pumps had an aging per-e

Data, by seiceted failure modes, for diesel gener- centage range of 30% to 32% at the system level,
ators in the Class IE emergency power subsystem motor-operated sahes had a range of 10% to 21%,
are illustrated m Figure 37. The dominant failure

and pneumatic operated vahes had a range of 8r,
mode for diesel generators was fads to run (38%). to lor . Furthermore, the data in F..igure 38 andoThe dominant failure cause for diesel generator

Table 10 indicate that, for the Class IE electrical
fails to run failures was wear (32.6r ). The failuree

records indicated that the wear failures were distrib-
power distribution subsystems, battery charging
units (40% to 76r ) dominated the de power supplyouted oser four diesel generator subsystemu diesel

cooling water, diesel fuel oil, diesel tube oil, and subsystem, diesel generators (56% to 73r ) domi-o

diesel starting air. The components most affected nated the emergency power supply subsystem, and
inverters (26r to 56r ) dominated the instrumento owere vahes and pumps.

in erters in the instrumentation and uninterruptible and uninterruptible power supply subsystem.

power supply subsystem of the Class IE system also The failure-cause fractions by system regardless
accounted for a relati ety large failure ecunt (63), of the component or failure mode are listed in
These failures were dominated by electrical failures. Table 11, and the dominant system specific failure
Examination of the NPRDS failure records indicates causes (failure cause fraction greater than 0.05)
that the major contributors to these electrical failures with their associated upper and lower bound aging
were blown fuses, defectise fuses, and defective solid- fractions areillustrated in Figures 39 and 40. Data
state components. There were few aging-related fail- in Figure 39 and Table 11 indicate that, at the sys-

,

ures found for this component, tem lesel, the wear failure cause dominated all the
fluid systems. If ear accounted for 30% of the fail-

4.2.5 Reported Failure Cause Results at the ures in the auxiliary feedwater system,38% in the

System Level. Sptem specifie component frac, chemical and solume control system (not shown in

tions and aging fractions at the system lesel are Figure 39),21% in the high pressure injection sys-

listed in Table 10; the dominant sptem specific tem, and 32% in the service water system. Further-

components (component fraction greater than more, the data in Figure 40 and Table 11 indicate

0.05) with their associated upper- and lower bound that, in the Class IE electrical power distribution
aging fractbns are illustrated in Figure 38. Inspec- subsy stem,fau//y module dominated the failures in
tion of Figure 38 and Table 10 indicates that, at the the de power subsystem and the instrumentation
sptem lesel, the components of importance in the and uninterruptible power supply subsptem and
auxiliary feedwater sptem were pneumatic- wear dominated the failures in the emergency
operated sabes, check sabes, motor drisen onsite power supply subsystem.

51
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! Table 10. System fractions for system specific componentsa

lower- Upper- Lower.d Upper.d
Bound Bound Bound Bound

d Aging AgingTotalC Aging Aging Component .

I System /Componentsb Failures Total Total Fraction Fraction Fraction !

|
i

: Auxiliary Feedwater
'

|
j Pneumatic-oper. sahe 100 63 79 0.182 0.115 0.144

Check salve 90 78 83 0.164 0.142 0.151
Motor drhen pump O 30 42 0.115 0.055 0.077
Turbine dri en pump 58 27 38 0.106 0.049 0.069.

| Motor operated 5ahe 43 22 36 0.078 0.040 0.066
<

'

Flow transmitter 27 14 22 0.049 0.026 0.040 ,

| Pressure switch 21 9 18 0.038 0.016 0.033 ,

. Lesel controlindicator 20 7 14 0.036 0.013 0.026
4 Flow controller 19 8 13 0.035 0.015 0.024 ,

i Lesel controller 18 8 17 0.033 0.015 0.031
i

Pressure transmitter 17 5 12 0.031 0.009 0.022 ,

Hand control vahe 16 12 15 0.029 0.022 0.027 ;

Relay 12 5 9 0.022 0.009 0.016 :

Flow control recorder 10 5 9 0.018 0.009 0.016 |

Circuit breaker 8 5 7 0.015 0.009 0.013

} Relief vahe 7 7 7 0.013 0.013 0.013 [

Snubber 7 5 5 0.013 0.009 0.009
Pressure controller 7 3 5 0.013 0.005 0.009

' '
Support 5 0 4 0.009 0.000 0.007

i

Total 548 313 435 )

!;

Chemical and Volume Co:. trol i

i

Motor operatal vahe 46 34 43 0.400 0.2% 0.374 !

'

Motor-drhen pump 29 23 25 0.252 0.200 0.217 )3

Level transmitter 19 3 14 0.165 0.026 0.122 -

| Ileat tracing heater 9 5 7 0.078 0.043 0.061 (
, Level controller 7 4 4 0.061 0.035 0.035 <

1 Circuit breaker 5 1 4 0.043 0.009 0.035 !

Total 115 70 97

) Class IE Electrical Power Distribution ]

| DC Power Supply Subsystem
.

I Battery charging unit 35 18 34 0.778 0.400 0.756
llattery 10 5 10 0.222 0.111 0.222

i

! Total 45 23 44
i

j Emergency Onsite Power Supply Subsystem
i

Diese! generator 113 66 86 0.958 0.559 0.729'

Circuit breaker 5 2 __ $ 0.042 0.017 0.042
,

Total 118 68 91
.

||
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Table 10. (continued)

Low er- Upper. Lower d Upper.d
Bound Bound Bound Bound

dTotalC Aging Aging Component Aging Aging
System /Componentsb Failures Total Total Fraction F_raction Fra' tion

Class IE Electrical Power Distribution (continued)

Instrument and Uninterruptible Power Supply Subsystem

inserter 63 18 38 0.926 0.265 0.559
Circuit breaker 5 1 1 0.074 0.015 0.015

Total 68 19 39

High Pressure injection

N1otor operated valve 70 32 53 0.290 0.133 0.220
Lesel transmitter 21 4 20 0.087 0.017 0.083
Heat tracing heater 21 10 14 0.087 0.041 0.058
Relief sabe 18 17 17 0.075 0.071 0.071
Check salve 18 15 15 0.075 0.062 0.062

Ntotor-drhen pump 17 8 12 0.071 0.033 0.050
Flow transmitter 17 7 17 0.071 0.029 0.071
Hand control sahe 12 7 9 0.050 0.029 0.037
Circuit breaker 11 6 9 0.046 0.025 0.037
Load seq. controller 10 4 6 0.04i 0.017 0.025

Pneumatic oper, sabe 10 8 10 0.041 0.033 0.t,41
Snubler 10 9 10 0.041 0.037 0.041
Pressure t ransmitter 6 3 6 0.025 0.012 0.025

Total 241 130 198

Sersice Water

N1otor drhen pump 167 129 140 0.381 0.295 0.320
N1otor operated sabe 111 43 93 0.253 0.098 0.212
Pneumatie opea, sahe 47 36 45 0.107 0.092 0.103
Check sabe 31 27 28 0.071 0.062 0.064
Strainer 21 17 18 0.048 0.039 0.041

Circuit breaker 17 9 12 0.039 0.021 0.027
Hand control sahe 17 11 12 0.039 0.025 0.027
Flow switch 16 16 16 0.037 0.037 0.037
Pressure indicator 6 4 6 0.0i 4 0.009 0.014
Flow indicator 5 3 4 0.011 0.007 0.009

Total 438 295 374

a.1)ata base been Inted b) louct bound aging Irastion .

b. 1)ala uwd esJuJe f ailure resords in w hsh f ailuie sauw was unsf amfiable.

v. 1)ata uwd ess tude somrsonenk with < $ local faoute sounts.

d I rastion denominator a total 9 sicm failurev
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Table 11. System specific failure cause fractions
|

| low er- Upper-
|

Failure C Failure.d Bound flound
| Cat.se Cause Aging Aging

Sy stem / Failure Causeb Te.tal Fraction Fraction Fraction

eAuxiliary Feedwater

Wear (EBR) 166 0.303 0.303 0.303

!!inding/out of adjustment (EDB) 60 0.109 0.020 0.097

Out of calibration (EDT) 56 0 102 0.044 0.190

Foreign material intrusion (ED.') 46 0.084 0.047 0.049

Faulty module (ELF) 28 0.051 0.020 0.051

Failure to follow precWre-
maintenance actisity (Hl5hl) 25 0.046 0.002 0.004

Design error (DE) 19 0.035 0.015 0.018

Erosion (EBE) 15 0.027 0.027 0.027

Water intrusion (EhlW) |4 0.026 0.002 0.002

Cyclie fatigue (EBF) 12 0.022 0.022 0.022

Set point drift (EDS) 11 0.020 0.020 0.020

hianufacturing error (Dht) 8 0.015 0.000 0.007

Corrosion (ECC) 7 0.013 0.013 0.013

Improper lubrication (EDU) 6 0.011 0.007 0.011

Niechanical sibration (EVM) 6 0.011 0.011 0.011

Chemical and Volume Controlf

Wear (EUR) 44 0.383 0.383 0.383

Out of calibration (EDT) 14 0.122 0.043 0.122 ,

i

Foreign materials intrusion tEDI) 14 0.122 0.043 0.043 j

Binding /out of adjustment (EDil) 14 0.122 0.009 0.104
i

Clan IE ElectricalIbwer Distribution

DC Power Subsystem 8

I aulty module (El.F) 24 0.533 0.311 0.533 )
|

|
|

l
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Table 11. ' continued)

Lower. Upper- ;
Failure C Failure _d Bound flound 1

Cause Cause Aging Aging i

System / Failure Causeb Total Fraction Fracdon Fraction j
l

Class IE Electrical Power Distribution (continued)

Emergency Onsite Power Suosystemh

Wear (EllR) 24 0.203 0.203 0.203

Binding /out of adjustment (EDB) 1.: 0.119 0.017 0.093

Water intrusion (EMW) 11 0.093 0.017 0.025

Foreign materials intrusion (EDI) 8 0.068 0.051 0.051

Cyche latigue (dBF) 6 0.051 0.051 0.051

Set point drift (ELD) 6 0.051 0.051 0.051
,

instrumentation and Uninterruptible Power Supply Subsystemi

Faulty module (ELF) 18 0.265 0.074 0.206

Electrical oserload (ELE) 10 0.147 0.000 0.015

Short circuit (ELS) 8 0.118 0.015 0.074

Wear (E BR) 6 0.088 0.088 0.088

High Pressure injectioni

Wear (EB R) 51 0.212 0.212 0.212

Out of calibration (EDT) 33 0.137 0.029 0.137

Ilinding/out of adjustment (EDil) 25 0. lN 0.017 0.095

foreign matcrials irdrusion (EDI) 20 0.083 0.071 0.071
|

|ailure to follow procedure:
maintenance actisity (llPM) 18 0.075 0.017 0.017

Set polis drift (EDS) 12 0.050 0.050 0.050

Dnign error (DE) 8 0.013 0.004 0.008

C)cIie fatigue (EBF) 7 0.029 0.029 0.029

Improp.r lubrication (EDU) 7 0.029 0.0N 0.029

Sersice Waterk

Wear ([ llR) 140 0.320 0.320 0.320

SR
1



|
.

|

Table 11. (continued)
|

Lower- Upper-

|
Failure C Failure.d Ilound llound

| Cause Cause Aging Aging
b Total Fraction Fraction FractionSystem / Failure Cause _

kSersice Water (continued)

Binding /out of adjustment (EDD) 68 0.155 0.014 0.130

Foreign materials intrusion (EDI) 64 0.146 0.110 0.112

Corrosion (FCC) 26 0.C ''' O.059 0.059

Set point drift (ELD) 14 0.032 0.032 0.032

Niechanical sibration (EV N1) 13 0.030 0.030 0.030

Erosion (EBE) 12 0.027 0.027 0.027

Improper lubrication (EDU) 7 0.016 0.007 0.011

Iluman error:
operation actisity (HEO) 7 0.016 0.002 0.002

Open circuit (ELO) 6 0.014 0.002 0.014

Out of calibration (ELT) 6 0.014 0.011 0.014

C>elic fatigue (Ellf, 6 0.014 0.014 0.014

Iluman error:
maintenanee eror (HEN 1) 6 0.014 0.(X)0 0.000

- - . _

a. t)ata base be:n inicJ for spiem e failure <auw sount > $. ,

b liaia used culude comrenents wilh <! total f ailure munis.

I)aia uscJ eschide tailure records in whish failure (ause was unstanifiable.o

J 1)ata hne been hsted by setems f ailure sause femtions.

e lknonlinaf or lof A| % fraglions is total A) % f ailures ($4tL

f. l A nonunaior f or C\ CS frasiions n loial( \ CS isilures (11 h

tknominstof for de pwer lea.,tions is lot d de smet f ailures t4?Lg.

h. Ikn..smnator ha enief pera omer l'a.tiorn n total emer gcno reser faifures (f f EL
1.

, k
|

j. 1)cnonunator tot lil'l% f ranons n 10:41 til'Is tailorcs t'4ll

k tknoi.unator f or %% $ 11 A qioni is tosal %% % 1.nlt 4415)
- .--

1
'
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5. SUMMARY

This section summarites the aging sursey analy- the highest potential for aging impacts on system
sis and reported failure-cause analysis. operation based on their corresponding failure

population and aging fractions. In the component- |
5,1 Aging Survey Analysis inei analpis, wnich aetermmes the agi:.g impacts

on the perfonnance of the component, 50% to
The purpose of the analpis is to identify light 60% of the reported sabe failures were aging-

water reactor safety and support sptems and their related failures. At the component locl, the sahes
associated components that demonstrate a suscep- contained in the containment isolation system were I

tibility to aging related failures af fecting sptem the most affected by aging mechanisms. Howeser,
performance. T his has been accomplished through care should be taken in drawing a conel"sion con-
the use of a data base constructed from operational cerning actual failure of the containment holation
nents recorded in the NPRDS. Analpes per- sptem sahes due to the stringent surseillance
formed on the data prosided seseral insights con. requirements on these sabes. They may not base
cerning the effect of aging failures on the selected actually failed but may instead hase failed an oper-
sptems, ational specification when tested (which is report-

The NpRDS reported failures were collected into able as a failure). In the sprem lesel analysis,
fise generie failure categories, it was determined which ghes a representation of the componem's
that, for the sptems analped, many nuelear power aging importance within the sptem, the aserage
plant component failures are due to aging (32%). aging fraction (in percent) for $.ahes is 12.5%. The
The other category is the largest failure category, systems where the impact of sabe aging (at the sp-
containing 49% of the failures. It consists of fail- tem le el) is relathely important are containment
ures for w hich the cause either was not determined isoladon (28%) and main feedwater (21%), fol-
or could not be assigned to another category. The lowed by ausiliary r dwater, component coolingee

site of this eategory is indi.athe of the difficulties water, and sersice water to a lesser extent. Aging, at
encountered in determining the cause of failure for the component inel, in sake operators is aho rela-
certain components and the practice of replacing a tisely constant between sptems at apnrosimately
component or piece part without establishing the 25%. Howner, aging in sahe operators does not
reason for failure. The additional generie failure produce a significant failure contribution at the
categories of design und installation, testing and sptem lesel(only 4%). Pumps are the second most
mamtenance, and human related contained 10%, aging impacted component. Pumps in the compc-
7.5%, and 1.5% of the failurn, respeeti ely. nent cooling water sptem hase the highest aging

Esaluatien of the data, at the sptem lesel, to deter- fraction (in percent) at both the component lesel
mine sprem effects indicated that only a small trae- (75%) and the system le el(14%). At the compo-
tion of the failures cau,ed /ou of s.utem function. nent le cl, the average failure fraction (in percent)
T here was no dominar.: sptem effeet category. for pumps is 45%; and, at the sptem le el, the

The analpis established that, on the one hand, aserage failure fraction (in percent) for pumps is
normally operating fluid sptems tend to exhibit 4%. Furthermore, the data for components such as
slightly higher proportions of agiag related failures motors, h:at exchangers, pipes, and circuit break-
than normally uandby sptems; howeser, on the ers indicate that these components are statistically
other hand, sptem dependencies for component independent across sptems and do not produce a
aging were generally nat uathtically identifiable, significant failure contribution at the sptem inel
The eseertions to this findinti were pumps in the (len than 5%). The distribution of failures between
component coo':ag water sptem, s ahes in the con. component ty pes can be found in the dheunion in
tainment isolation splem, support, in 'ae high. Section 4.1 and Appendis E.
prenure injection spiem, and switch 3 in Clau IE The analpis has additionally identified the sp.
clectrical power supply and reactor p. 7tection sp. tems and their anoeiated components that are
tems. These were all identified as ha.ing statisti- impacting splem performance due to aging related
cally distinguishable aging impacts w hen compared failures. Table 6 in Section 4.1 depiets the relation-
to similar components in other splems. Ship of aging related component failure to the

Analpn of the collected data indicate that total number of component failures in a specifie
sahes, sahe operators, and pumps tended to hase intem. Once again,it is nident that sahes and, to
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some estent, pumps are dominating the aging probabilistic risk analpit calculations to identify
hnpacts on system performance. This analpis indi- the risk impacts of aging failures on these ;

cates that sahes in the conwinment isolation sp- components. |
tem exhibit the highest aging related fraction (0.28) The failure cause identification analpis has pro- ;

of all the sptem specific components analyzed, sided insights inio the effects of aging related fail- |
Aging rdated feihires of sahes in main feedwater, ures in auxiliary fcedv.ater, Cl.w IE (iceisisal
ausiliary feedwater, component cooling water, and power distribution, high pressure injection, and
wrs;ee water sptems also rank with the top fise sersice water sptems. In general, the fluid sptems
sptem specific cor.1ponents. Pumps in the compo- exhibit higher aging fractions than the electrical
nent cooling water system ethibit the highest aginF- power distribution sptems. The components with
related fraction for pumps, at the sptem lesel, and the most potential aging related impacts on sptem
rank sisth on the list of important sptem-specifie performance are sahes and pumps in the fluid sp-
components. These results presented in Table 6 rt tems and diesel generators in the electrical power
indicatise of component aging importanee within dhtribution sptem. The dominant aging mecha-
its respeeti e sptem. Howeser, this should not be nism for the fluid sptems is wear; whereas, the
confused with a risk importance obtained from a dominant aging mechanism for the electrical power
probabilistie risk analpis. distribution sptems is faulty module, which is a

T he time-dependent aging analpis indicated the failure of a solid state subsomponent.
potential for some definite time dependencies in Results of the analpis indieste that the ausiliary
aging related failures. Niost of the data indicated feedwater sptem has a lower bound fraction
the potential for increasing aging fractions with (espressed in percent) of $7re and an upper bound
time. Howeser, some of the data indicated the or 79r for aging related failures, the chemical ande

potential for a constant trend in the aging fractions solume control sptem cuibited 61re to 84ro
with time. The data utilized in this study are aging related failures, the high pressure injection
impacted by sariables sush as plant maintenance sptem exhibited 54re to 8 re aging related fail-
practices, the age of the plant, and reporting prae * ures, and the ser>M water spiem eshibited 67r, to !

tices. This information, needed to assen how these g3ro aging related filures. The subsptems of the !

sariables impact aging, is not asailable from the Class l E electrical power dist ribution sptem exhib- |
NPRDS source data, ited the following lower and upper bound aging

in concludon,iln: aging sursey aaalpis has iden- fractions (espressed in percent): de power subsp-
tified sptem and component aging effects that can tem 28r, to 37r t emergency omite power subsp.e

be used for guidance in selecting safety and support tem, $gre to 77r ; and instrumentation ande

yptem components for detailed engineering stud. uninterruptible power supply subsptem, $1re to
ics. The inf ormation presented in this report can be 93r,,

combined with plant specific risk information t The results also indicate that two ccmponents in i
'

esaluate whieh components are most susceptible t the ausiliary feedwater system, one component in
!aging and then correlate that with their risk the high preuure injection sptem, two compo.

knp rtances' nents in the sersiee water sptem, and one compo- I

nent in the Class lE electrical power distribution |

5,2 Reported Failure Cause splem dominated the failure contributions.
Analysis The dominant components in the ausiliary feed-

water sptem were pneumatie operated sahes (63r,
to 79r )and cheek sabes (78r to 83r ) libar wase e eT he purpose of the anaipis is to identify specific

aging failure causes for sclested safety and support the significant aging mechanism affecting the'

sptems. This has been accomplished through the sahes. The dominant failure mode for pneumatie-

use of a data base constructed from operational operated sabes was fails to close. T he failure mode

esents recorded in the NPRDS. The data base hag internal /eaAave accounted for the majority of the

been constructed using a failure cause categorira. cheek sabe failures,

tion and aging clauification scheme. Analpes pet. Stotor. operated sahe failures dominated the
formed on the data prmide detailed information high preuure injection sptem (46r to 76r ).1hee e

conectning the coinponent failure modes and aging dominant failure mode was fath to r/ose, whigh
! mechanisms affecting the selected sptems and accounted for 290s of the sahe failures.1he domi-

components. I hese data are mtended to be ued in nant failure causes were or(28.$r ), bindmr/oute

4
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of adjustment (20r ), human maintenance error sion. These aging mechanisms are present in thee

(13r ), andforeign materia / intrusion (ll.5r ), service water system due to sand and other particu-e e
'

For the chemical and volume control portion of the lates normally present in the influent water.
high-pressure injection system, the component that Failures of the diesel generators dominated the
domiroted the system fai!ures is also the motor- Class lE electrical power distribution system and i

a curwJ wd c n: coraitant fa2ure mode for these chibited an aging fraction of 0.58 to 0.76 within
vCe a frils to dose (Gro of ;tal motor-operated the emergency onsite power supply subsystem. The
de failures), which is tie e.t.e as for the high- aging mechanista most prominent for ttle diesel
prmu.e injection sptem. T hese closure failures, he generator was wear, which was 30re of the aging-i

<a, wer dominatti by um |he uwt mechardsm related failures. The subcomponents failing due to.

a. x,nted br A5re of she closure tMures wear were the vahes and pumps located in the cool-

| B t os G imice water system components ing water, fuel oil, tube oil, and susting air subsys-
that cubit significant aging reltw.t failures are tems of the dioel generator.
check sabes (87"e to 9m), steniners (Stre to The results of the failure-cause strdy can be

; 86r ), ator# en pers g ar, to 84r ), and incorporated in system lesel aging evaluations that i
e e

4 motor-operated '. shen 19fe to 844e). Wear was the use PRA techniques. The use of pRA techniques !
significant aging mechanism affecting the sabes, prosides a quantitatise statement about risk and (
Motor drhen pump and strainer fahres were safety. Therefore, the influence of an aging mecha-<

dominated by both wear and foreign materia /intru. nism on plant risk can be determined.

i i

<

I

!

t

t

|

!

l
!.

!

ji

;

i

|

J I

i .

1 [
i

|4

1

63
;

1
. - - . - _ _ . - - ._, - - _ _ _ _ . _- _ . _ , - .

.



,

_-- . __ __ _. _ _ _ __ _ _ __ -.

!

|

l

|

6. REFERENCES

1. Nuclear Plant Aging Researth (NPA R) Program Plan, NUREG 1144, July I985.

2. D. G. Satterwhite, L. C. Cadwallader, W. E. Vesely, and B. ht, hicale, Root Causes of Component
| Failures Program: Afethods and Applications, NUREGICR-46l6, EGG 2455, December 1986.
.

I 3. W. L. Greenstreet, G. A. hturphy, and D. 51. Eissenberg, Aging andService Hear ofElectric Afotor- |

| Operated ikives Used in Engineered Safety reature Systems of Nuclear Ibwer Plants, !, NUREG/ ,

' CR 4234, ORNL 6170-41, June 1985. [

|
1 4 81. Subudhi, E. L. Burns, and J. H. Taylor, Operating Etperience and Aging Seismic Assessment of !

| Electric Afotors, NUREG/CR-4156, BNL NUREG 51861. June 1985. ;

; 5. J. C. Watkins et al., A Study of TypicalNuclear Containment Purge Ialves in an Accident Environ- ,

'
f

1 ment, NUREG/CR 4648, August 1986.
'

4

6. J. W. Vause et al., Aging of Nuclear Station Diesel Generators: Evaluation of Operating and Enpert
Esperience, NUREG/CR-4590, October 1986. ,

7. L. C. N1 eyer, Nuclear Plant Aging Researth on Reactor Protection Systems (Draft), NUREG/ ?
,

tCR-4740, EGG 2467 January 1988,

8. B. S. Escritt, The Analysis of Contingency Tables, London: Chapman and Hall,' 1977. j

9. N. L. Johnson and S. Kotz, Discrete Distributions, Boston: Houghton hiifflin Company,1%9,
p. $8. ,

t

10. NPRDS Reportable Systent and Component Scope Alanuals,1NPO 83 0208,1NPO 83 0200, and

j INPO 83 020W September 1985. ;

I
i

,

i i

i
!

I
Ii

i| l
] !

I
|

;

; I

I
'

i

| I

.i !

} |

| |

|

| 6) j

i l
i



_

1

I i

| |

|

I
1

l

!

APPENDlX A
'

ACRONYMS AND CODES
FOR THE AGING FAILURE SURVEY

!
|

i

;

!

|

|

|

1

1

A1'

I i

l
. .. _ _ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _____ . _ _ _ __ - _ _ . _ _ _ _ _ _ _ _ _ _ __



i

APPENDIX A

ACRONYMS AND CODES
FOR THE AGING FAILURE SURVEY

Table A 1. Failure category assignments for NPRDS codes

iksign and Installatiorr tD)

i NPR DS Cause Categories: A Engineering / Design
i

i C Stanufacturing Defect
D installation Error

,

,
'

! N P R '.)S Causes: All Foreign / Incorrect hlaterial
AC Particulate Contamination
AF Weld Related
AG Abnormal Stress
AY E|tetrical Oserload r

i

i A7. h1aterial Defest
llc Out of hlechanical Adjustment

! IIE Dir;y
BF Illocked/Oostructed i

'

1
)

Aging and Service Heat (A)
I

,

NPRDS Cause Category: 11 Wearout

i

NPRDS Causes: AC Particulate Contamination
AD Normal / Abnormal Wear
AE Lubrication Problem i

AG Abnormal Stress ,

Al. Set Point Drift t

AR insulation 13reakdow n ,

AS Short/ Grounded i

AT Open Circuit j
: AU Contacts llurned/ Pitted / Corroded i

I AV Connection Defo;tise/l.cose Parts
; AW Circuit Defecthe [

AN llurned/llurned Out |
1 AY I!!cetrical Oserload i

AZ hlaterial Defect i

till 51echanical1;amage/Ilinding '

llc Out of Stechanical Adjustment
)

11D Aging / Cyclic l'atigue'

i Illi Dirty
i ilF litocked/ Obstructed

i 11 0 Corrosion
lill Out of Calibration

|

i

f

l

i
1,

A3
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i Table A1. (continued)
.

!
'

Testing and Afaintenance(T)

|
j -- NPRDS Cause Category- F Maintenance / Testing

|

| NPRDS Causes; AG Abnormal Stress ;
AN Incorrect Procedure L

AR Insulation Breakdown I
j AW Circuit Defecthe |
] AY Electrical Overload
i BC Out of Mechanical Adjustment

BJ Incorrect Action
;

,

i fiuman Relareti(ii) |
\ '

NPRDS Cause Categories: B Incorrect Procedure {-I E Operating Error
|4

<
.

j NPRDS Causes: AA Foreign / Wrong Part !
I AE Lubrication Problem '

! AL Set Point Drift (
AM Previous Repair / Installation Status i

AN Incorrect Procedure !
AV Connection Defecthe/ Loose Parts |
AW Circuit Defecthe ;

AY Electrical Oserload j
J BC Out of Mechanical Adjustment !

1 BJ Incorrect Action I

1 l
) Other/ Unknown (O) l

i
,

j NPRDS Cause Categories: J Other *

] K Unknown [i

NPRDS Causes: Any of the causs apply as long as the cause '

categories are the two listed abose. I
,

!

t,

! i

1 |

1 1

1 r

i ,!

! r
j '

i

|
4

!,

i
.

I

i A4

;
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l

:

!

I

i i
+

1

i
Table A 2. NPRDS component acronyms ,

t

:
,

f ACCUhlU Accumulators ,
. '

Air / Gas Dryersi AIRDRY .

Annunciator blodules jANNUNC .

-
'
:Batteries and ChargersBATTRY -

1 BLOWER Blowers (Compressors) ,
. i

Circuit Closers / Interrupters ;i CKTBRK .

; ;

Electrical Conductor !ELECON' -

Engines. Internal Combustion !
! ENGINE .

;
Filters /Stra|nersi FILTER - i

l '

l GENERA G e nerators/ l tn e rte rs/ Alt er n ato r s-

Heaters, ElectricHEATER -

Heat ExchangersHTEXCH -

;

Instrumentation: Bistables/ Switchesj IBISSW -

Instrumentation: Controllers |ICNTRL .
;

I nstrumentation: Indicators / Recorders :
j INDREC -

) INTCPhi Instrumentation: Integrator / Computation htodules.

Instrumentation: Electric Power Suppliesj IPWSUP -

Instrumentation: Isolation DesicesISODEV .

Instrumentation: Transmitters / Elements FIXNllTR -

htechanical Function Units !
,

4 htECFUN .
'

I hlOTOR hiotors.

i

Penetrations ;1 PENETR -

i PIPE Pipes Fittings ,-

Pumps [PUNir' -

Relays |I RELAY .

| SUPORT Shock Suppressors and Supports ;.

Transformerr |TRANSF*
.

i|TURBIN Turbines-

Vahes and Dampers !VALVE .

Yahe OperatorsVALVOP ,.

Pressure Vessels [VESSEL .

i !

I !
!

1 i

|

I
I

A*$
.
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I
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4

f

!

l !

! |
|

|
f

j Teb6e A 3. NPRDS system eMect descriptions !
j

i :

Loss of System Function A component failure that, by itself, results in the system being !A .

unable to perform its intended function (i.e., all trains, channels, etc., inoperable). !

B Degraded System Operation The system is capable of fulfilling its intended function, but-

j some feature of the system is irnpaired.

I'

C loss of Redundarscy . Loss of one system functional path.
!;

.

Loss of Subsystem / Channel . A partialloss of system functionalpath, f, D .

)
[

| E System Function Unaffected - Failure did not affect the operation of the system. |
-

1
|

1 L

I
!i

:

I
,

b

i F
> r

1 I
(

1

j

1

4

J

l i

I i

i |
,

I

|
A6;

|1 ,



_ _.

|

APPENDlX B

REPORTED FAILURE CAUSE IDENTIFICATION INFORMATION

|
,

i

|

1

|

Bl

. - _ _ _ _ . _ - _ _ _ . . _ - .



_
____

|

|

|
|

APPENDIX B

REPORTED FAILURE CAUSE IDENTIFICATION INFORMATION

a8 ng related failures to the degree of certaintyl iFailure Cause Coding
allowable by the tvent data source. This entails

This appendis contains information concerning identification of aging related failures on the basis

the failure-cause coding form (Figure B 1) used to of certain causes or effects described in the failure

compile the analysis data. The data fields of the record narratises.

coding form were docleped such that necessary The categorization scheme comists of three locis. 1

;

information could be gathered in a concise manner The first, and most general, loel of failure cause cate-

amenable to constructing a failure cause data base, gorization is represented by a one<haracter code. It is |

Stany of the fields were obtained directly from the comprised of the categories: design / manufacturing /

Nuclear Plant i'iliabihty Data System (NPRDS) comtruction/ quality assurance inadequacy (D), emi-

record format.1able 111 hows those fields h%ing ronmental stress (E), human actions (H), ,

1

one to one correspondence. supenision/ management inadequacy (S), and unclas-

The failure-eause coding form used for this study sifiable cause (U).

| is a modification of the form used in the Root The second loel of categorization is a further resolu-

Causes of Component Failures Program. The fol. tion of the first le el. For example, supenision/

lowing new fields were added: S) stem initial Con, management inadequacy (S) is disided into the

ditions System Effect Eient Date, in Senice following second loel headings: contractor /other

Date, Age, and Out-of Senhe Date. The latter personnel inadequacy (SC), inadequate human emi-

four fields are discussed in the footnotes of ronment (SH), pro:edures inadequacy (SP), and train.

Figure U 1. A field called Aging was also added to ing inadequacy (ST). All second-loel failure cau',es

indicate if the failure was considered to be age. are designated by 2 character codes,

related. This was necessary to tabulate the aging The third loci of cause resolution is the finest asaila-

failures, since many causes of Iailure may os may ble for use and is designated by a 3<haracter code. For

not be age related. A field for the report number example, the second loel critry for procedures inade-

*as included to relate the coding form to the spe. quacy (SP) is disided into the following third loef
cifie NPRDS record. Two fields (Secondary Failure causes: cablLration procedures (SPC), maintenance

Stode Component and Subcomponent)were also procedures (SPht), operational procedures (SPO),

dded. These fields proside more detail about how quahty assurance procedures (SPQ), and testing / 1

the component itself and its piece parts failed. suncil!ance procedures (SPT). It should be noted that

Additional information conecrning the failure cause for the purpose of aging related failure determination,

coding can be found in Rort Cames q/ Commnent many of the third loei causes tend to be more related

railures . rocram: .\tethods and Applications, to failure ef(cet codes than true failure causes that
NUREG/CR 4616, EUG 2455, December 1986. would be determinable by component engineering

st udies, 1

Although Ihe unclassifiable cause (U) category is 1
i

; Failure Cause/ Aging broken dow n into second and third lo cls, the third.

Categorization Scheme le el codes indicate ihe effect or the failure and are
not considered to be true failure causes. These;

The failure.eause categoritation scheme and third loci entries are used because the failure-
guidelines for aging failure claulfication are pre- causes are unidentifiable from the failure report.

,

iented in t his appendis. This categoritation se heme Using the definition in Section 3.1, the aging clani.'

it based upon the failure cause categorization Ikation scheme was doclofed to allow a procedural
doeloped for use in the Root Causes of Compo- Lpproach to be taken in the identilkation of aging fail.
nents Iailures Program and provides a means of ures. Each failure cause code is auigned one of three I

identifying and collecting reportable mechanisms aging claulfications: non aging, conditional aging, or
of failure for components contained in reactor s)s- aging. Aging related failure-cause codes are codes that
tems. Ior use in the NRC Nuelcar Plant Aging alwa>S relate to time < dependent effesti. Esamples of

i

Research (NPAR) Program, the scheme has been these time dependent codes are ertmon, mmsson and i

espanded to proside guidelines for identifying mvr. Non aging related failure <ause codes are used |
\ \

i n.3
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Plant 10: PC record number:
Person Date

Docket number:
Coding:

Report type: NPROS Quality assurance:

Report number: Failure sequences:
Sequences this page:

Plant type: CCF:
_

8Plant group: Event date:

Manufacturer:b In-service date: C

Model number:d g,e
_

g

Util, component 10:
Out-of service (replacement) date:I

Safety class:

Code Deserjption
Root Cause

Supplemental cause
Agree w/NpROS YES/NO
Aging LES/N0/UNK

S ponent
--

Subcomponent

Tailure Mode: Component
Subcomponent

Secondary Failure Mode: Component
Subcomponent

Systen
,

System initial conditions
__

System effect

Interfacing System ~ ~

_,_

Rethod of Discovery ~~

q .,

Unit: Initial Conditions
Unit Effect

Testing Performed Frequency / Interval Eours00sTesting Check Testing
Interval Functional Testing

Calibration Testing
. . . . _

Reference Reports:9
Pertinent Information:
Coenent s:
Failure Cause key Phrases:

Figure 81. Failute-cause coding form.
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1

!

EXPLANATION OF FOOTNOTES!

i

a. Eventdate(ordatefailureoccurred)--Thedateorestimateddatethat
the system or component first became unable to operate at an ;

'

acceptable level.
:

'

b. Manufacturer--The company that manufactured the component.
i

c. In-service date--The actual date the system or component went into
j service.
I

d. Model number--The number used by the manufacturer to identify the

| component.

1:

e. Age--This is the time to failure based on elapsed time from in-service
date to event date.

4

i f. Out-of-service date--(a) If the out-of-service date is given in the
l NpROS 2C-Component Eogineering Report, use of this date as the ,

I out-of-service date shows the date that the old component was replaced
,

with an identical component, or equivalent. (b) If no out-of-service>

! date is given in the 2C report, use the Event Date (EDATE) ptven in
the 4C-Component Failure Report if there was an indication that the4

component was repaired,

r
j

g. Reference Reports--!f a Licensee Event Report (LER) was indicated, t

used the actual LER number. If the record stated that an LER'was f,

submitted, the analyst stated "LER submitted." Also uttitty document ,

numbers concerning analysts of a failure were recorded.
I

! Figure B 1. (continued).
l
I

| I

4 ;

l
! '

i

j

|

I

B-$
'

'

]
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| Table B 1. Cross reference fields between the NORDS records and the failure cause
coding form

NPRDS,

Report Field Failure Cause Coding Tbrm Field

i 2C-Component Enginecilns Report Plant identificationa-

i Docket Number
1

Report Type'

Report Numberb
UNITID Plant Oroupb

bSYSTEM Sptem
'i UTILITY COMPONENT ID Utility Component identificationb

; NSSS Plant Type' !

Age !-

ISDATEd in Service Date I,

| OSDATEd Out-Of-Senice Date (if specified) ;

SCLASSd sar,gy cias, ''
,

MFGd Manufacturer
MFO MODEL nod Model Number

CTFREgd Check Testing Frequency i3-

CTHRS Check Testing Out-Of Senlee11ours
'

i

l FFREOd Functional Testing Frequency |

| FCODEd Functional Testing Interval Code i'

FHRSd Functional Testing Out-Of Senice Hours i

i CALFREQd Calibration Testing frequency !
I CALCODEd Calibration Testing Interval Code |
| CALHR$d Calibration Testing Outof Senice Hours i

l

4C Component Failure Report SDATEd Esent Dateb |
| STATUSd System initial Condition,d~

DETECTd Method of Discosery !
. FAILURE DESCRIPTION Method of Discovery j
$ Failure Mode-Component

|| Reference Reports !

j CAUSE CAT Rcu Cause
,

) CAUSE Root Cause t

) SYS Ef id Sptem Effretd !

] PL EFF4 fUnit Effectd
; CAUSE OF FAILURE Subcomponent

{
; Root Cause ;
1 Root Cause Key Phrases i

| CORRECTIVE ACTION Comments !
I

t |
j a. Plant ID is the fou.rth to seventh digit from UNITID rwid. !

1

J b. Necessary Twids to retrwve NPRDS records. '

i I
j c. Ptar group: A B&W for PWRs and C GE for BWRs. '

d. Taken dagetly from the NPRDS records. ;

| I

I I

!
,

I \
j B6 ,

| :
.

i

.
,

.



for random esents that cause immediate failure of the e.ent cauwd an immediate failure, in some instances, a

component. Eumples of these types of failure <auses failure description contains enough information to
arefire/ smoke, impact loods, and c/cctromagnetic inter- allow categorization with a conditional code but gives

ferrnx. C v ditional aging failures are classified as no indication as to whether the failure was random or
aging related if information in the failure report indi- aging related in nature. In this latter rase, the failure
cates some aging-related effect code (from the categori- will be assigned an unknown classification.

ration scheme) or some Le>wrd that indicates that a Table B 2 presents the failure-cause categoriza-
time-dependent process is present. A failure catego- tion and aging classification scheme it is followed
rized with a conditional aging code is classified non- by the definitions of the failure causes and guide-
aging if the failure description indicates that a random lines for establishing the aging classification.

Table B 2. Failure cause categorization and aging classificat on schemel

D Design / manufacturing / construction / quality assurance inadequacy

DC Construction error or inadequacy conditional ylng related <

DCI initial construction actisity
DCR Retrofit construction actisity

DE Design error or inadequacy - conditional aging-related j

DEI Initial design actisity
DER Retrofit design actisity

DNt N!anufacturing error or inadequacy conditional aging related
DQ Quality sssurance error or inadequacy non aging related

DQD Initir,! design quality assurance actisity
. DQE Retrofit design quality assurance actisity

| DQI initial construction quality assurance actisity
DQN! N!anufacturer quality assurance actisity
DQR Retrofit construction quality assurance actisity

DR Plant definition requirements inadequacy conditional aging related
,

i

f DRI initial definition actisity

| DRR Retrofit definition actisity

E Ens ironmental stress

EA Animate causes
|

| EAB N!etal Sheathed bacteria - aging related
t EAE Animal encroachment conditionalaging related

EAO Aquatic organisms - conditional aging related
.

B7
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Table 8 2- (continued)

EB h1aterials interaction
|

EBB Embrittlement aging related
SBC Cavitation . conditional aging related
EBE Erosion aging related
EBF Cyclic fatigue aging related
EBht hinterials defect . conditional aging related
EBR Wear aging related
EBS Steam impinsement . non aging related

i EBW Weld related flaw . conditional aging related

EC Chemical reactions

| ECC Corrosion . aging related
'

ECE Electrolysis . aging related
ECF Foaming non aging related

; ECS Stratification . conditional aging related

! ED hiechanical failure

i EDB Binding /out of adjustment . conditional aging related
EDF Friction non aging related

s| EDI Foreign materials intrusion . conditional aging-related
! EDL Improperlevel non aging related
i EDO hiechanicaloverload conditionaleging related
j EDS Set pint drift aging related

EDT Out of calibrat'on . conditional aging related,

EDU Improper lubrication conditional aging related
i, EDW Improper flow . non aging related

*

j EE Electromagnetic inter /etence non aging related i

l eel Inadsertent electrical energy esposure,

EEht hiagnetic field exposure L

y EEN Noise '

i EF Fire / smoke non aging related

]
EH Human caused event .non aging related <

1

j EHD Deliberate *. cts i
l EHU Unintentienal acts

El Impact loads . non aging related
.

EL Electrical failure |
i

ELA Arcing . conditional aging related
; ELC Oser/under current . conditional aging related

ELD Set point drift aging related i
'

ELE Electricaloserload conditionalaging related '

,

ELF Faulty module conditional aging related,

i ELG Abnormal specific grasily conditional aging related
; ELH Abnormal resistance aging-related

ELI Insulation breakdown conditional aging related; i
!

h
i

B8;
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i Table B 2. (continued) {}
j

7
'

] ELK Contact failure conditionalaging related
i ELL End oflife aging related I

"

ELO Open circuit . conditional aging related
! ELR Erroneous / spurious signal non aging related

ELS Short circuit conditional aging related
! ELT Out of calibration . conditional aging related r

ELV Over/under voltage conditionalaging related !>

'
3 ELW Winding / coil failure conditional aging related
i i

1 Eh! hioisture ,i
i

! EhtH High humidity conditional aging related !

! Ehti icing nor. aging related
EhtL Low humidity . non aging related *

;

: Eh!W Water intrusion conditional aging related [
i

EN Acts of nature :

!i

1 ENA Atmospheric conditions conditional aging related |

| ENO Geological / geographic conditions non aging related [
} ENh1 hieteorolostealconditions non aging related
1

j EP Pressure non aging related
j

| EPF Fluctuating pressure I
EPH High pressure t

EPl improper differential pressure !

l EPL Low pressure [

ER Radiation aging related
I i

I ERH High levelradiation
'

.

) ERL low . lesel radiation
|

1

| ET Temperature conditional aging related !
t

: ETF Fluctuating temperature
! ETH High temperature
j ETI improper differential temperature

,

|
ETL tow temperature {

i
l

EV Vibration loads conditionalaging related |;

} EVF Flow induced sibration

|
EVht hlechanical sibration

]

O

.

1
!
!

1
I

i B9
:
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Table B 2. (continued)4 ,

i ;

;
H Human actions 6

HA Accidental action . non aging related |
i ,

'

I HAC Calibration activity
] HANt Staintenance activity ;

'
! HAO Operations activity
i HAQ Quality assurance activity ,

HAT Testing / surveillance activity j
,

HC Communicetion problem non aging related
i

HCC Calibration activity r
;

1 HCN! Staintenance activity |
! HCO Operations activity F

1 HCQ Quality assurance activity ,

J HCT Testing / surveillance activity [
t
*

HE Human error (practices) . conditional aging related

}h
HEC Calibration activity

j HENt hiaintenance activity
j HEO Operations activity t

HEQ Quality assurance activity ;

HET Testing / surveillance activity

HN1 Alisdiagnosis conditional aging related

L HNIC Calibration activity (

) HNth! Ntaintenance activity [
4 HN10 Operations activity |

| HNtQ Quality assurance activity *

HN1Y Testing / surveillance activity

HP Failure to follow procedures conditional aging-related j,

HPC Cal 4bration activity i
HPhi hiaintenance activity
HPO Operations activity
HPQ Quality assurance actisity J
HPT Testing / surveillance activhy i

l

: S Supenision/ management inadequacy |

1 |

| SC Contractor /other personnelinadequacy . non aging related !

j SH Inadequate human ensironment (hazardous) . non aging related i

SHC Calibration actisity

|
SHN1 Ntaintenance activity

q SHO Operations activity i

i SHQ Quality assurance aethity
! SHT Testing / surveillance activity
1
1 i

f
1 i

I B 10 1
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Table B 2. (continued)

! SP Procedures inadequacy conditional aging-related

I
SPC Calibration procedures
SPhi hiaintenance procedures
SPO Operational procedures
SPQ Quality assurance procedures
SPT Testing / surveillance procedures

ST Training inadequacy - conditional aging related

STC Calibration actisity
SThi Wintenance activity
STO Operations acthity
STQ Quality assurance actisity
STT Testing /surseillance actisity

U Unclassifiable cause conditional aging related

UA Aging /wearout aging related
UE Effects displayed conditionalaging related

UEB Burned out
UEC Closed
UEE Bent /os erstressed

'

UEF Computer malfunction
UEK Broken
UEL Leakare
UEh! Stissing/ misplaced
UEO Open

| UES Loose
UET Tight

UN No effects displayed conditivnal aging related

j

,

B ll



Definitions stress efreet or failure cause (described
under the emironmental codes) resulting

The definitions for each of the entries in the from the error or inadequacy.
failure-cause categorization scheme are presented
in this sect \on. DEI initialDesign Activity

D Desig n /A fan ufacturin g / Cons truction / Quality DER Retrofit Eksign Activity
Assurance inadequacy

DN1 A1anufacturing Errve or inadetJuacy
This is the gro'ip of causes associated with
decisions or ever,ts that generally take place The DN! code is applied w hen manufac-
before the plant is operational. These causes turing personnel do not follow the
are usually outside the purview of operations designer's instructions, allow manufac-
personnel, turing processes to go out of control, or

allow damage to oecur to the manufac-
DC Construction Error or inadequacy tured items while in storage.

The DC code is used w hen the construe. Aung Classification: Conditional aging -
tors do not follow instructions, abuse Errors or inadequacies associated with
equipment, or use poor practices in these causes can cause accelerated aging.

matters nortnally left to the judgment in order for a failure to be clanified as
of the installers, aging related when using one of these

codes, the failure description must alw
Aging Clauification: Conditional aging - contain an aging related emironmental
Errors or inadequacies awociated with stress effect or failure-cause idescribed
these cauws can cauw accelerated aging, under the emironmental codes) resulting
in order for a failure to be clauified as from the error or inadequacy.
aging-related when using one of these
codes, the failure description must aho DQ Quality A sturancc Error or inadequacy
contain an aging-related emironmental
stress effect or failure-cauw (described T his code is applied when design, con-
under the emironmental codes) resulting struction, or manufacturir's personnel
from the error or inadequacy. do not properly perform quality assur-

ance on this work.
DCI initialConstruction Activity

Aging Chuification: Non-t sing - fail-
DCR Retrofit Construction Actisity ures resulting from accelerated aging

cauwd by design, comtruction, or mariu-
DE ikstgn Error or inadequacy facturing aethites would be coded ender

those f,61ure codes, not quahty assurance
This code is applied where the designer codes,

uses a wrong table or equation, errs in
making a calculation, allows inade. DQD Initiallksign Quality Assurance
quate margin, misapplies equirment, Activity
or fails to proside error free drawings
and specifications to manufacturing. DQE Refer, fit Iksign Quality Atrur-

ance ActNity
Aging Clauification: Conditional aging -
Errors or inadequacies a<sociated with DQI Initial Construction Quality
these causes can cause accelerated aging. Assurance Activsty I

in order for a failure to be clauified as i

aging-related when using one of these DQN1 Afanufacturer Quality Assurance

i codes, the failure description must aho Actisiry
contain an aging related emironmental

Ibl2
1
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DQR Retrofit Construction Quality
Assurance Activity This cause code refers to growth

'

of bacteria that attack pipe
DR Plant Definition Requirements inade- walls.

quacy
Aging classifkation: Aging The

This is the most basic des!gn related process of bacterial attrek vn pip-
inadequacy-the failure to proside the ing walls results in a degradation
proper set of design requirements for that is time-dependerit,"

t he component. For example, the design i
'

requirements call for an ambient tem- EAE Anima / Encroachment
,

perature of 100'F, whereas the actual '
'

temperature frequently exceeds ll5'F. This cause code refers to inva-
slon by animals, such as rats,

Aging Classi% tion: Conditional aging - field mice, and birds.
Inadeqncies associated with these causes
can cause accelerated aging, in order for a Aging Classification: ConJi-
failure to be classified as aging related tional aging - The occurrence of
when uring one of these codes, the failure animal encroachment is not gener-
deserMion must also contain an aging- ally considerd aging related, Qice
related emironmental stress effect or the aetion would result in an imme-
failure <ause (described under the emiron- diate equipment failure particu-
mental codes) resulting from the inade- larly in items sush as electrical
quacy- cabinets. The gradual accumula-

1 tion of animal debris, causing des-
; DRI initia/ Definition Activit? radation of electrical equipment in

a panel, is comidered to be aging-
| DRR Retrofit Dejinition Activity related.

1

E Environmental Stress EAo AquaticOrganisms ;

ii

; The following cause codes represent actual This includes invusion by
causes of failures, in many cases, the codes aquatic organisms such as fish
stand for the effects produced by mechanisms and snails,
that may not be identified by the failure
descriptions. Therefore, for the purpose of cat. Aging Classification: Condi.
egoritation, the terms effect and cause can be tional aging In general, frituresj
used interchangeably. These cause codes apply resulting from the intr esion of
to emironmental stresses that may be either the aquaic animals am not midend
sole cause or one of two or more causes that aging-related. llowert, buildup of
together are the cause of a component failure. organisms such as algae constitute
Generally, an abnormal stress may be a sole a timedependent prxess and as; ,

cause, w hereas an ambient stress usually acts in such are considered aging related,
conjunction with another cause. With the Failures resulting from the latter
exception of the acts of nature and human- would notmally contain indica- |caused events, the stresses are considered to be tions of foreign materialintrusion
mduced by the plant emironment, and gradual accumulation in the

,

failure description.
EA Mimate Causes

EB .\faterials Interaction,

Th.is cause code relates to lailur s
| imolung nonhuman animate causes. This category includes causes arising

'* ' ''*' *" *' '" "'"I *'
|EAC .\letal-Sheathed Bacteria

B 13 1
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materials in components, betw een com. Aging Classification: Aging Ero-
ponents, or between solids and liquids. sion is the time-dependent remosal

of material by some acti e agent.
EBB Embrittlement

EBF Cyclic Fatigue
The EBB code represents a mate-
rials problem brought about by This is a failure-cause in metals
the environment a component is and some plastit;. where
in, such as high temperature repeated or cyclic loading yields
effects on seals or high level cracking or fracture.
radiation exposure. Embrittle.
ment mr.y lead to cracking. Aging Classification: Aging -

Cyclic fatigue is a time-dependent
Asing Classification: Aging - degradation of material nronerties.

I Embrittlement is a time dependent
degradatio:: of material properties. EBM StaterialsDefect;

|

| EBC Cavhation This cause code includes pores
; and voids.

Casitation is a hydraulic phe-
nomenon of a liquid changing Aging Classification: Condi.

; into a gaseous phase in a region tional aging Defectise or weak.
of low liquid pressure. The ened materials can result in the.

vapor bubbles can later collapse, effW . accelerated aging of a
causing shock waves and dam- component operating in its design
age to chamber walls, emironment, in this situation, the

,

cause (or effect) is classified as
'

Aging Classification: Condi- aging. Material defects can also
! tional aging Casitation results cause component failure once

| from system conditions resulting placed in operation. In the latter ;

| from random esents, poor design, situation, the code is not consid-
or misapplication of hydraulic cred aging because an immediate
equipment. Cmitation will gener- failure occurs.
ally produce an immediate degra.

l dation of the system or equipment EBR liiur
! such as pumps, in this situation,
i casitation is considered non-aging. This tefers to the process of rela. '

! The code is comidered to be aging- tise mosement between parts of :

i related if the casitation has caused a component gradually deterio- |
erosion, such as in thinning of pipe rating the contact surfaces. The

,

ws!b or pitting and eroding pump EBR code includes abrasion, !

impellers, galling, and fretting.

EBE Erosion Aging Classification: Aging Deg.
! radation from this cause (or effect) ,

iErosion refers to processes is timedependent in nature,
where the surfaces of a compo-
nent are gradually diminished. EBS Steam /mpingement j

! These processes are caused by a

! Ilowing medium, such as a lig- This cause code refers to high
| uid, gas, or slurry, impinging on temperature and high humidity j

[
the component, es ents.

!
<

i |
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Aging Classification: Non aging - Aging Classification: Aging TN
This cause (or effect) refers to decomposition of a substanc,'

! immediate felure due to a random tbrough electrolysis is a time-
event caudag high temperature or dependent process. Therefore, any

: humidity. failures attributable to this cause
"#' # "' 'N"8

c ili' /d-Related FlawEllW
:

The EllW code includes any ECF Foaming
materials problems, such as
cracking, which occur in welds This code refers to a frothing
or in the heat affected tone. , hat is caused by chemicalimpu- ;

*Aging Classification: Condi.
j tional aging Defectise or weak-
i Aging C1Assification: Non. aging . -

ened welds can result in the '
Chemicalimpurities entering a ts-

| cffectise accelerated aging of a
tem in concentrations high enough !! component operating in its design to cause frothing would result in iemironment, in this situation, the
the is.vnediate degradation of the !

j cause (or effect) is clauified as system or component perfortr-
I aging. Weld defects can aho cause ,

ance,
icomponent failure when first

placed in operation. In the latter
situation, the code is not consid-

ECS Stratyication |
{ cred aging because the failure will '

be immediate.
The ECS code refers to a condi-

'

tion where a formerly mixed
EC Chemica/ Revctiom chemical substance separates

a rms layers Icon umt
: This cause code applies to chemical ,

'**"I'' '
reactions between the component and

j chemkals in the process or m the emi- Aging Classification: Cendi-
ronment thct cause corrosion, foaming,'

tional aging Stratification of' '' "" D ' ' chemicals is a time-dependent
ECC Corrosion process usually cccurring in bat-

I tery chemicals Particularly in the
l This cause has sescrat forms: case of battery power degradation,

) corrosise agent exposure, gal. the cause (or effect' is considered |
i sanic corrosion, oxidation cor- to be aging. This code is consid- |

) rosion, stress corrosion / ered to be conditional aging so as
,

j intergranular stress corrosion not to p;eclude immediate per.

|
cracking (IGSCC). forr.iance degradations in other

systems where chemicals are
Aging Clauitieation: Aging All mised.<

I forms of corrosion entail the time-
j dependent degradation by some

,

; agent. ED .\lechanical Failures |

|ECE r/ectro/J5if This cause category applies to all fail-
,

ures found in mechanisms, machines,a

i The ECE code refers to the and mechanical desiees. T his includes
j decomposition of a substance by saise operators and circuit breakcr i

; electric current. mechanisms,
i

}

) [11.s
,
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EDB Binding /Out ofAdjustment resulting irom the action of a time-
dependent agent are claulfied as

This ap; lies mainly to shafts, aging. Blockages due to random
but can be used for other failures events are non-aging.
as well. It should not be used for
a component that is out of cali- EDL /mproperLevel
bration.

Aging Classification: Condi- The EDL cause code includes :

tional aging . Binding /out of high/ low level and nuctuating
adjustment due to a maintenance l'V'I-
activity or thermal stress on the Aging Classification: Non aging.
system usually results in the imme' This code represents an immedi-
diate failure of the component and ately detectable system condition
is considered to be non aging. due to an cent consisting of either,

i Howcer, cases occur where the a random or aging-related failure
i problem is not serious enough to of some comrunent. The aging

cause immediate failure. In this sit- classification would be assigned to
I untion, accelerated aging can the failure <ause of .he compo-
, cwur. The failure would be classi- nent.This code should not be used
| fied aging only if information for lubrication incidents.
'

exists in the failure description
;

linking an aging failure-cause (or EDO Mechanica/ Overload
effect) with the binding /out of
adjustment condition. The EDO code refers ;c, torce or

stress greater thin design capa-
EDF Friction bilities. cWner demanded or ;

recei <d from a machine or
The EDF code is mainly , ..<hanism,
intended to describe the process

| w here heat is produced by esces. Aging Classification: Condi-
sise contact of mov;og parts: but tional aging In general, this cause

| it can hase other appi;eations, (or effect) applies to etnts where
I such as flow friction, an ostrioad condition caused by

sons other etntleads to animme-

| Aging Classification: N0u aging. diate failure. Since the continual
This code is primrGy an effect application of ostrioad conditions

j code resulting fn 4n items such as will lead to & gradation of equip-
loss of orimr operlubrication and ment. the cause (or effeet) is con-'

; binding /ov, of adjustment. There- sidered to be aging related if the
fore, th', aging classification is failure description indicates that

,

assig .4 to the cause of the frie- the condition has esisted for some
,

| tion period of time,
i

"'
EDl foreign Materials intrusion

This cause code refers to
This code includes bloc' ge/ meshanical set points that
obstruction, dirt. and particu- change oser time, such as spring
late contamination. tension in relief salses.

Aging Classification: Condi- Aging Claulfication: Aging The
itional aging Situations where drift of mechanical set points

equipment failures occur due to requires the time dependent

] the buildup of some material change of material properties.
.

i
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EDT Out of Calibration assigned to the failure cause of the
i
'

component. .

'

The EDT cause code refers to
mechanicalitems that fall out of EE ElectromagneticInterference
calibration and do not perform
as required. This code should This cause code applies to all electro-
only be used when no better magnetic interferences generated by :i

| information is asallable. For equipment in or around the plant. It !

e ample: a cable drive slips on a does not include lightning, an act of'

; strip chart recorder 50 the pen nature.
'

does not mark at the true indica.
tion. Zero adjustment faults are Aging Classification: Nan-aging Electri-
also included here, cal failures resulting from these causes (or

I effects) are considered to be random. <

) Aging Classification: Condi-
tional aging This cause(or effect) eel /nadvertent Electrical Energy
code may be the result of random Erposure

j actions that disturb the equi aent.t
A common cumple would be The eel code includes static"

mainteriance errors. This code is charge buildup.'

'

|
analogous to drift when a time.
dependent aging phenomenon is EEM AfagneticFic/dErposure4

imolwd. In order for this code to
be classified as aging, some indica- This cause code includes magne-'

! tion of a time dependence must be tiration of ferric components.
present in the failure description.

;

; EEN Noise |

{
EDU 1mproper Lubrication

] Noise is the generation of ran-
,

This cause code applies in loss- dom electrical impulses that are |
of lubrication incidents. Other transmitted with signals. |4

lubrication problems should be i

cosered by personnel codes. EF Fire / Smoke
i;

!

l Aging Classification: Condi. This cause code applies to fire or any
; tionalaging Improperlubrication form of combustion. This stress may be
1 can cause accelerated aging when due to heat or the combusticn products.

'

] nct detected. To classify a failure. This could be inside or outside the
using this code, as aging, there plant. |i

I must be an aging effect code iden- ,

j tifiable in the failure description. Aging Classification: Non-aging Fires |
resuh in immedate degradation of equip-

4

! EDW /mproperFinw ment performance,
i
'

The EDW cause code includes EH //uman Caused Event

j high/ low flow, no flow and put. ;

sating flow. This code refers to human actions that ;;

are outside normal operation of the '

) Aging Classifkation: Non-aging - plant (i.e., the personnel imohed. |f
This code represents an immedi- they are plant employees, caused a fait
ately detectable sptem condition ute doing soraething other than the per-
due to either a random or aging- formance of their jobs). Nonplant,

! related failute of somecomponent. personnel may be antagonic.ic and/or
| The aging classification would be siolent.
1
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contacts eroding or wearing via
Aging Classification: Non-aging Failures multiple switch or relay opening
resulting from human actions are random and closure, the cauw would be
cents, considered aging.

EHD Deliberate Acts ELC Over/Under Current

i This codc includes malicious This code refers to a condition of
mischief. too high or too low current.i

!

EHU Unintentiona/ Acts Aging Clanification: Condi.
tional aging In general, this cause

The EHU code includes trans- (or effect) applies to cents where
portation accidents and indus- oser/under current conditions
trial accidents. caused by some c4her cent le:.d to

'
an immediate failure. Smee the

l El Impact Loads continual application of over/
| under current conditions will lead

This cause code applies to impact loads to degradation of equipment, the
'

imposed on a component. Esamples are cause(or cffeet)is considered to be
component damage by a falling body or aging related if the failure descrip-
distortion of a check salve caused by tion indicates that the condition

; water hammer. These could affect the has esisted for some period of
component either internally or ester- time, such as bnger than a mainte-
nally, c.ne mterval.

Aging Claulfication: Non aging Failures ELD SetIbint Dr(ft
j resulting from impacts are random cents.

{ Esents such as water hammer are pre- This code refers to electrical
i cluded by operational procedures. Should equipment sar>ing from a fised
] contmuing water hammer cents degrade a setting for starting a proects,

system, the failure would be classified stopping a process, or modifying
aging under a procedural cause code, a proecss.4

I
| EL Electrics / Tadure Aging Cassification: Aging Set
j point drift of electrical compo-
i This cause code is used for electrical nents requires the time dependent

hems where more detailed information degradation of the material elecri-
i is not obtainable. These causesinterfere cal properties,

with the function of electrical compo-
nents. ELE Electnco/ Dirrkul

I ELA Arcing The ELE code refers to more
j power demanded or delisered

) Arcing is a condition of electric than the component is designed
current breaking down air and for.-

j spanning a gap between open
a contacts. Aging Clanification: Condi-

) tional aging In general, this cauw
Aging Clanification: Condi- (or effect) amlics to cents wherea

] tiorud aging In general, this cause an cnerload condition caused by |
| (or cffeet) would result in immedi- some ether cent leads to an imme- !

ate failure of the electrical compo- diate failure. $1 nee the continua! I

nent. Howner, in the case of application of oserknd conditions

!i

|
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|

willlead to degradation of equip- because water had been recently

ment, the cause (or effect) is con- added; the failure-cause is then
J sidered to be aging related if the non age-related. ,

failure description indicates that !
,

i the condition hat esisted for some ELH Abnorma/ Resistance

i period of time,uch aslonger than
j a maintenance intersal. Abnormal resistance refers to a

condition in whlch the resistance ,
<

j ELF Tau /ry Afodule is not within the specified range, t

but is neither a short circuit nor 1i
*

Faulty module refers to a condi. an open circuit. Windings, coils.

tion where an electrical unit and contacts in switches, relays,
:i

composed of more than one or connectors can hase an
j

solid state component (such as abnormal resistance that pre. |;

j an amplifier, circuit board, inte. sents proper operation.
~

! grated circuit, etc.) does not per-
i form its function. The cause for Aging Classification: Aging. ,

) failure to perform is likely to be related Abnormal resistarwe is

i undetermined, caused by corrosion, insulation !

1 breakdown, or other time-related

j Aging Clauifwation: Conditional effects that either increase or :

J aging . In general, the cause wul be decrease the resistance of the cir. ;

) aging related because a compo- cuit. !

j nent in the module failed due to ,

j continued operation at stressful ELI Insulation Breakdown ;

J conditions, such as abnormal tem- t

!
) perature, escesshe sibration, or The ELI code refers to a
j electrical oserload. Some cases will degraded condition of electrical f
I esiu w here the failureis due to mis- insulation that allows current to f

I handling or a single cent;in those seck a path through the insula- f
) caws, the failure is non aring, tion. i
> l

j ELG AbnormalSpec@cGravity Aging Classification: Condi- |
j tional aging In general, the cause t

j Abnormal specific grasity refers (or effect) will be aging related |
'

| to a condition of the electrolyte sirve the decomgesition of insula-

j in a lead aeid storage battery. tion is a timedependent pnxess, j

1 Specific grasity is anindicator of Cases wul cust, howcer, where the [

| the charge of a battery. Low spe. insulation was damated by a ran-
;

{ cific grasity indicates a low state dom cent, such as imre, in the |
j of charge. Abnormal specific latter Quation, the failure is non- !

'
j grasity is usually low, but some aging.
I situations can cause the mta-
l sured specific grasit> to be higli. ELK contact radure
I i

j Aging Clauifkation: Conditional Contact failure refers to a condi- !

j aging . When the failure docrip- tion of a relay w hen the failure is !
tkin indicates that the abnorn,al Lnown to be at the contact rather i

! specifk grasit y is related ',o an aged than the coil, but additional |
'

| battery that can no longer be suc- information is not prosided. The

: cessfully charged, the failure is cent could be a failure of the
I age-related. in some caws, the spr. contact to close, to open, or to

cifk grasity willbe now twauw the make proper electrical contact
batter) had not twn charged or een though it is mechanically

1

i

{
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!

I operated, such as would happen Aging Ctanification: Non aging .
'

with corroded contacts. This cause(or effect)is comidered
'

a random cent.
Aging Clauification: Conditional
aging It' the failure descrip6on ELS Short Circuir ,;

indicated the esistence of time. I
'

j related factors, the failure is age. Short circuit refers to a condi. !
'

relateu. lf the failureis caused by a tion in which the resistance'

single ornt, such as oser. current between two conductors or ;

damaging the contacts, the failure between a conductor and ground i

is non-age-related. is scry small and much less than'

normal for that partkular cir.
,

{ ELL End of L(fc cult. |

!
,

1 End of life is a condition in Aging Clauifkation: Conditional '

j w hich the failure is attributed to aging . Often this cos.dation will be f
he componcat being old or hav. age related, since short circuits

-

4

ing reached its naturalend oflife usually result from a breakdownin'

i
without prosiding more detailed insulation whlch is a time.
information, dependent proecss. Caws will esist'

where the short circuit is a result of

Asing Classification: Aging. damaged imulation or some centi

related . The stated condition is that causes a mechanical connee- ,

end of life , tion of the two conductors. In the |
;

latter situation. the failure is non. ,

O en Circuit aging. ;
I El.O / '
!

j Open circuit is a condition where ELT Our of Cahbration [
the resistance between two con. I

$

ductors of a electrical circuit is The ELT code refers to a compo. [

j sery large. Esamples include nent being out of calibration and |
l broken wires. wires coming loose t.ot performing as required.

j from terminals, connectors Sending a signal at an incorrect ,

becoming loose, and escessise soltage is an cumpte of out of >

1

]-
corrosion at connections, calibration, j

,

! Asmg Clauification: Conditionaj Aging Classification: Condi. I

j aging . In general this condition tional aging.This cauw (or effett) i

1 would .esult ?n immediate failure code may tv the rouh of randorn

of the cireult to perform its actions thal disturb the equipment, |

J intendo2 furcion. Homoer,in the A common cumple would be
maintenance errors. This code iscase of connestiom corroding o,'

wires breaking due to continual analogous to dr4 when a time- t

W aging phenmwnon is |tiesing or frequent handling, the
imohed, in order for this code to ;

cauw would be comidered aging. 't'e clauified as aging, some indga.*

$ tion of a time dependence must be
.

s.L R Errtmcous/ Spurious Signo/ present h the failure description.
,

,
4

{
The ELR code refers to a signal ELY Ob er/Under Ib/ rage |

1 that is unwanted or t.rneeded,
sometimes generated b electri. This code refers to a condition off
CAI"Oise- too high or too low soltage. .

,

:
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.

Aging Classification: Condi. ment qualification standards. A
tional aging In general, this care failure that can be categorlied
(or effect) applies to otnts where using this code is classified as
over/undct voltage conditions aging related if the failure reports

caused by some other cent lead to contain indications of other aging-

an immedia'e failure. But since the related effects, such as corrosion.

continual application of over/'

| under schage conditions will lead Eht! Icing

| to degradation of equipment, the ,

!! cause(or effect)is considered to be The EhtI code refers to icing
aging-related if the failure doerip. Inside the plant, such as in ice

tion indicates that the condition condenser units.
a

I has esisted for some rcriod of
time, such as longer than a mainte- Aging Gesilkation: Non-aging .

) nance intenal. leing of equipment will result in ,

the immediate failure of the |j
j ELW IIVWing/ Coil /~ailure affected equipment. .

|
1

t

) Winding / coil failure is a condi. EhtL low //wmsdaty

i
tion in w hlch a winding /coilin a
motor, solenoid, relay, switch, This refers tolower than normal'

etc. has failed (often burned out) b amidity inside the power plant.
,

I but the cause of the faihireis not

i defined. Causes could be a result Aging Oasilkation: Non-aging -

)
of a failure within the winding / Equipment qualification standards ;

coil or a result of some adverse do not corteder low humidity a
1

condition that was applied, concern to component operational |

J life. j
'

l Aging Clasilkation: Conditional
!

I aging Failures as a result of imu. Eh!W HbterIntrusion
lation breakdown or continuedj

! op: ation at cleated temperature The EhtW code refers to water I

I
1 or in a high humidity emironmer:t entering the plant from outside

would be aging-related. Failures as or water intruding from area to
a rnutt of a single cent would be area imide the plant. ;

non-aging-related.
Aging Classification: Condi. !*

!

Eh! .W5ture tional aging In general, the intru-
sion of wateris a rarhn cent and ,

This cause code is applied to ice, water, will cause immediate equipment !

I or water sapor in the emironment that failure. Undetected and uncor- !

] causes a con ponent failure. Spray anu rc,ted water intrusion can cause
L flood are two esamples, accelerated aging. For this situa-

| tion, thr failure decription must j

j Ehtli llegh //umidity also identify aging-related effo:ts 1
'

to k clasif.ed as ating.
1

i The Ehtt{ code refers to high

|
humidity inside the power plant. EN Acts of Nature

!

1 Aging Classification: Condi- This cause code applies scry selectisely

1 tional aging The presence of to those causes that are in no way

j moisture in high concentrations induced by the plant itself, such as
' hu degrading effects on equip- earthquakes, tornadoes, floods, light-

.

ment and is addressed by equip- ning, and precipitation.

i i

) 11 21

!
_ _ _ . __ _ - -__ _ - _ - __ _ _________ .- _ _ - _ _ _ _ _ _ _ _ ___ _ - _ _ _ _



l

!

include barometric pressure (code
|

ENA Atmospher/cConditions ENA). i

The ENA codeis used for condi- Aging Classincation: Non aging Plant
I

,

, tions that are more or less stable doign and operations are etablished to'

and ori inate due to climate or control pressure. Therefore, failurest

other location-dependent condi. related to pressure would resalt from pro-

.|tions. This includes high or low cedural or equipment failures. Aging clas-
i barometric pressure, high or low sifkation would be roened for the failures j'

atmospheric temperature, and causing the pressure transient.
t

; saline atmosphere,
i E F-F Ructuating Prr1sure
a Aging Classilkation Conditional
I aging Equipment failures attrib- EPl{ //igh Perssure

utable to atmospheric conditions
would be considered aging-related EPl /mprorce D(//crrntialPresrure i

; if other effect or failure-causes !

! such as corrosion or foreign mate. EPL tow Perssurc ;
) rials intrusion were present in the

!

failure decription. These types of ER Radiation '
,

effects could result from atmos. i
cheric conditions, such as high This cause code applies to damage due (

,

; saline content or winds with high to radiatic: (i.e., alpha, beta, gamma, ;
i duu content. neutro,ts, or combinations thereof). |

!
) ENG Geological /Grographic Condi. Aging Classincation: Aging Material !'

tions property degradation due to radiation is
considered to be aging-related.

This includes asalanche,
< landslidc/mudslide, and seismic ERil //igh LncIRad,ation

acthity.-

1 ERL inw IevelRadiation
Aging Classifkation Non-aging -4

t
Thew types of conditions or esents ET Temperaturr [result in immaliate equipment fail-,

;
} ure. The ET cause code applies to the stress !

j caused by abnormal temperatures fENM Aletec ologicalConditions within the plant,
i

,

'z
1 Thisincludes wcather conditions Aging Gauifkation: Conditional aging -

such as electrical storm, high Temperature effects can cause embrittle-
[

;

wind, hurricane, lightning, tor- ment oc other material degradation, such i

] nado, tsunami, rain or frecting as loss of plasticity or degradation of c!cc- ;rain, hail, and snow. trical equipment. Improper differential i
a

l
temperatures can cauw binding oc wear so j

Aging Classifkation Non aging - as to e entually derrade a component.;
i

i This codeis used where these types These effects are time-dependent, and fail- l.'

of corwittions or esents roult in ures labeled with thee ecdes are classifkd [! unmediate equipment failure.
i

as aging if the failure decription identines I

the presence of aging related effects. >

EP Pressure i
,

iETY Ructuating Temperature
This code is applied to liquid and gas4

i

system pressuie problems It does not ETil //igh Temperature

i B 22
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| 11AC Calibration Activity

|
ET| Improper Differential Tempera.

|
ture H Ah1 Maintenance Activity i

t

| ETL Low Temperau,re HAO Operations Activity |

|
.

EV \'ibration loads HAQ Quality Assurance Activity '

!
4

j Thh cause code applies to sibration. HAT Testing / Surveillance Activity |
) iriduced loads imposed on a componert [

from sources within the plant. For HC Communication Problem >

I esample, sibration from rotating f

j machinery causes the loosening of This cause code is used w hen personnel .

j screw s within a circuit breaker, encounter a communication discrep- |
; ancy or problem, either w ritten (such as ^t

j Aging Clauineation: Conditional aging - ambiguous plant orders or memos) or
Vibration will cauw accelerated aging to oral (such as poor telephone connec.

3

i oewr. The categorisation of a failure using iions or noise). This code is not used for
I thoc codes is clanified aging if one of the difficulties with piocedures. ;

LI aging effest codes, such as cyclic fatigue or
wear, can be identified in the failure Aging Claulfication: Non-aging Thoe f
devription. Vibration would be consid- causes refer to immediate ornts resulting |

| ered non aging if, for cumple, a pump from goor communications. [

i were out of adjustment and began sihrat- ,

I ing to the point that it destroyed Uself or a HCC Cahbration Activity |
I piece part of the pump sery quickly. I

|
HCh1 Alaintenance Actisity \

'

EVF Flow Induced \*sbevrion<

HCO 0;vrations Activity {)
1

EVN1 hicchanicall'abratiort
1 HCQ Quahty Assurance Actistry h

H llumen Actions (*

HCT Testint/Sursetflance Actisity \

l These are human errors of omission, commis- I
I

J sion, and accidental human actions committed HE Iluman Error
!during plant operation and maintenance.

(Design madequacies and prom /ure inadequa. This HE code is used when personnel (
! cies are of human origin also but are remote perpetrate an error of commission by l

from the on line decisions that must be made esceeding an appropriate procedure. ,

3
j by a plant operator.) An cumple is when an operator oser- l

|
torques a s she w hen directed to -lvse it.

HA Accidenta/ Action These Opes of errors are usually termed |
j

200dpractoce etvors.

The H A code is used when the human
adion is purely accidental. For cum. Aging Clauifkation: Conditional aging -
plc the plant operator is correctly fol- Actiom awociated with these causes can

I lowing the appropriate calibration accelerate aging. In order for a failute to be
I procedure, but the screwdriser slips and clawified as aging-related when using one

) short circuitsIhe signalline, of thoe codes, the failure description must

i
aho contain an aging related environmen-

| Aging Clanitkation: Non aging Thew tal Stress effect or failure <ause (docribed

| cauws refer to immediate equipment fail- under the emironmental codes) resulting

] urcs resulting from accidental actions, from the error.

)
i
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iiEC Cahbration Activity
HPh1 AIaintenance Activity

HEN 1 Alaintenance Activity

1iPO Operations Activity
IiEO Operations Activity

IiPQ Quahty Assurance Activity
HEQ Quahty Assurance Activity

i1PT Testing / Surveillance Activtry
| HET TestingISurseillance Activity
; S Supervision /Afanagement Inadequacy

fin 1 Aftsdiagnosis fFol| owed it'rong Proce.
dures/ This group of c tuses pertains to utility man- ,

atement at includes failure areas of manage.
The llN1 cause code applies w hen plant ment or supersislon. hlanagement is
personnel, ihroush misdiasnosis, considered responsible for non plant personnel

|
3

choose the w rong procedure to follow, working within the plant. Inadequate proce- !

dures and inadequate training programs arise
Aging Cladigation: Conditional aging . from irnproper managerial control. It is con- !
AMons associated with these cauws can sidered an error in supersision to send person- '

cause accelerated aging. In order for a fail- nel into a hazardous emironment without
ute to be clasified as aging related when proper protecthe clothlag, Iusing one of thne codes, the failure '

descripion must also contain an aging- SC Contractor /Other Irrsonnel Activity '
,

related emironmental stress effect or
'ailure<ause (dewribed under the emiron- The SC code applies to contractors or t

mental codes) rnulting from the error- other non plant personnel who are
. working in the plant area but are not
i HNtC Cahbrution Activity plant employees. This code is used for |

errors such as a contractor inadser-
J) llN!N1 Alamtenance Activity tently tripping a circuit breaker in the

;

worL location or incorrectly performing
HNIO Operations Acrisify a function so as to cauw a component

|
,

'

to fail.
,

flN1Q Quahty Assurance Actisity '

,

j Aging C1mdfkation: Non aging . The
i HN!T Testing /Surses//ance Actsvity cause refers to immedate failures resulting

fnyn human interadion, ;
,

! tiP Todure to Ibliow P.ocedures
|
.

SH Inadequate llurnan Ensironment ;
This HP code is used when the procc-
dures are correct bu: plant personnel The SH code is used when the working
fall to follow the procedures, emironment is hazardous or estreme,

containing such factors as high heat.
Aging Classifkatbn: Conditional aging . escess noise, steam leakages, or high
A:tions assodated with thne causes can radiation.

j accelerate aging. In order for a failure to be
I classified as aging related when using one Aging Clasdfkation: Non aging . Thoe
j of thoe codes, the fadure dewripion must causes tefer to immedate failures rouhing
i aho contain an aging related emironmen- from human interadon due to emiron-

j.
tal stros effect or failure <auw (devrdvd mental stros,
under the emironmental cNo) roulting

i from the error. SHC Cahbration Actistry
i

i

i HPC Cahbration Acrisity SHN1 Alaintenance Activity
]

B 24,
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SHO Operation .cthny SPO OperationalProcedures I

SliQ Quality Assurunce Activity The SPO code applies to proce. j
dures on how to operate the ,

!SHT Testing / Sun e.7/ance Activiff plant, as well as procedures thati

{
tell operators when and how to

;SP Procedures inadequacy start, stop, and make operating;

j adjustments in equipment, ,

!
This is the group of causes associated
with procedures, w ritten or not, that are ;'

the prescribed way of operating and SPQ Quality Assunnce Procedures |;

) maintaining the equipment. Inadequate ;

j proceduro include ambiguous, incom. SPQ applies to procedures on |
plete, or erroneous procedures. An how to cheek and ensure the

j] ambiguous procedure is one that lacks quality of plant equipment.

! clarity or one that can easily be misin.

| terpreted. An incomplete procedure is SPT Testing /Survedlance Procedures

one that em!ts an important detail or4

| assumes the operator knows more than SPT applies to procedures on i

is normally espected. An erro.ieous when and how to test plar,t
procedure is one that, if followed equipment and follow surseil-

! esactly, would le4d to an undesirabic lance instructions. j

i result.
' ST Training inadequacy ,

Aging Classification: Conditional aging . !
Inadequacies associated with these causes The ST cause codes are used to describe |

i
I can cause accelerated aging. In order for a personnel who fail to perform their

j failure to be classified as aging related function properly because of poor or
'

; ', hen using one of thew codes, the failure improper training or because of unfa.
docription must aho contain an aging- miliarity with the power plant.

j
|

1 related emironmental stren effect or
J fAhuauw (desenbed under the emiron- Aging ClassMication: Conditional aging - !,

j metal codes) resulting from the inade- Inadequacies asswiated with thee causes |

j quacy. can cauw accelerated aging. In order for a [
; failure to be classified as aging related t

i
i SPC Cahbmteon Procedures w hen using one of thoe codes, the failure

i descrition muu also contain an aging.t
I The SPC code applies to proce- related emironmental stress effect or ,

'

I dures on when and how to check fadure<auw (desenbed under the emiron-

|
for calibration error and how to mental scdes) resuhing from the inade- .

i reealibrate, quacy. (
i

5 Phi Maintenance Procedures STC Cohkntion Acthity |
< >

This code applies to procedures SThl Maintenance Activity |
on when and how to maintain i

'
the plant equipment, it includes STO Operations Activity
schedules and procedures for !
preentise maintenance, as well STQ Quahty Assurance Activity j

,

as proecdures for repairing j

) failed equipment. STT TestingrSunedlana Activity '

1 '
1 i
i '

1

i
l
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U UnclassifiaNecause UEE Bent
!

This code should only be used as a last resort.
UEF Computer Afs/ function,

1 It is used when the cause is simply not stated
j within the failure report. Often the effect is
j stated, so the third toel was generated to retam UEr cosers computersviented,

g, g g,
and show the effect displayed by the compo- g g ;

;

"'"I 'j to hardware or software Sults f
| Aging Classifkation: Conditional aging . Failures should be coscred with the other !

categorised with these codes are considered to be cause cates r es (hardware
' I'""'~ # '' ' I' * * "conditionalaging related. lf the failuredneription

faults-D or S codes). !indicates that an unidentifiable, time dependent
prwess has cwurred, the failure would be clani- i

1 Ocd as unciatg/isNe ering/>vurtwt. If the failure l
i description indicates an unidentifiable random UEK BruAen i

cent or prmides no indication of w hat caud the I
) failure, then the failure would be clani6ed non- UEL lealare i

j aging or unknown and one ofihe UE codo would !
be used. This code is used for between I4

! sptems leakage (internal) and (
) UA Unclau(/iaNeAging/14arout for out-of sptemleakage(ester. I

nal). i
UE EJjects Desplayed i

UEM Attuin1 Atesplacat i/

UEB Burnedout
UEO Open

The UEB cause code is used to
j indicate a loss of function due to UES Imte
i adserse electrical energy espo-

;
I sure. UET Tieht !

[ !

{ UEC Closed UN No Ejfect Dtspla. sed
'

t

i
t

i

!
;

4

;

i

,

1

1

j
i,

|
!
t
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,

APPENDlX C
|

COMPONENT BOUNDARIES FOR THE REPORTED !

FAILURE-CAUSE ANALYSIS |'

|

i

This appendis d(Scribes the component bounda. Join cables to buses. The component boundary in' ,

! ries used in the reported failure cause analysis. around the bar itself and the connectors. Cables are t

.

Esamples of subcomponents and piece parts are considered separately. Circuit breakers or motor !

l also then for each of the components. Starters that ma) ha$e a direct mechanleal connes.
tion are also considered separately. ["

| Accumulators ,

'

i Cables
Accumulators are units composed of pressured

!

senels, sahes, and piping. Accumulators are used
Electrical cables consist of one or more conduct. !

I).
to store prenurized borated water for emergency J

injection into the reactor core. The boundary is ing material (s), usually strands of copper or alumi-

! considered to be the pressurised senel and associ- e,um, surrounded by insulated materials. Atuttiple
conductors are indhidually insulateJ. Insulating {' ated isolation sahen and piping.
materials are generall) rubber, asbestos, enamel

'
i

!
'"*' i"8 '' *i ""*' i" * P" 8 "*' 'd ' P"' ' ' ' ' I "'P

Battery Chargers plastics.
The boundary is around the cable perimeter. Ter-

j Battery chargers are units composed of tran5' minals and conneetors are considered separately,
;

forrrets and rectifiers. The transformer comerts
i

! the alternating current (aelinput soltage to a lower

j ac soltage, tend the rectifier comerts alternating Clicult Breakers !
current to a direct current (de) soltage which is fil-
tered Protection electrical desices and monitoring

|' imtrumentation aho esist to ensure adequate oper.
The component boundary is the breaker casing i

| ation (no oscrcharging, for esample). A cooling hielf, including the internals such as the mecha- |
! 6ptem is likely to be internal to the batter) charger nism that moses the contaets, power lead connee.
] as well, The boundary includes the output breaker tors, and circuitry (such as relan). The control
J between the eharger and the batter). power and line power cab!cs are not considered to .

'

be part of the circuit breaker. |
| Piece Paris.

PI'" P3"'Transformer (with iubcomponentil
Restifiers twith subcomponents)

A '' '" P P ""*' l
Circuit breaker (with subcomponents)

N3'I"8 i
Proteetn e c!cetronies llushing !

Nlonitoring instrumentation
Cable

Wiring
C8'I"8Connectors
Circuit board || Switches Coil

h!! cts C ""#'' U' !Cooling subs,$ tem (fans, for esample)
|

Contacts
iComerter|

j buses Drise pawl {
I use l

', lluws are bars of conduding material, such as Indicator !

copper or aluminum. These are generall> lo;ated lockout desiec f'

imide switchgear cabinets. Connectors are used te L.atch '
4

t
1

I
i

Cd
1

t
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'
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|

'
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!
,

: Circuit Brookers (continued) licat eschangers
'

Heaters t

Afotors (Piece Parts (continued): Pipes, supports, hangers
|

Pumpt ;
; hiotor Yahes and salve operators |

Plunger I)ip stick !
,

I Relap '

| Solenoid Fuel System ;Spring
!

Switch filters'
Gaskets

[

] Emergency Diesel Generators [y,"supporti, hangers fPumps i
i

The boundary for emergency diesel generators is Tanks I

the diesel engine, generator, and associated subsys. Yahes and sabe operators
i tems. These subsptems include the tube oil sprem,

!
fuel system, starting air system, cooling sptem, Starting Air Sptem
and engine eshaust system. The amount and t>pe
of subcomponents are numerous. The output Air rank
power leads out of the generator, up to and includ. Compressors
ing the output circuit bresker, are included in the Filters
component boundary. The cooling systems include GasketsI

heat eschangers that proside an interface to the Piping, supports, hangers
essential seriice water sptem, but not the piping Yahes and sahe operators
associated with the sersice water, b'

lt should be noted that several types of sabes, Cooling Sptems
f

i

! such as gate or globe sahes, may appear in failure
e

reports as part of emergency diesel generator sub. }{ cat eschangers E

|. sptems. This will be treated as a subcomponent of ileaters
the diesel generator sptem, and the failure of the hiotors
diesel generator will be reported. Piping, supports, hangers

Pumps
7Components: Yahes and sabe operators !

Tanki
Principal Sptem Indicators (lesel, temperature, pressu re)

.

] Cables Engine Eshaust Sptem
Circuit breakers

f' Diesel engines (with associated compo. Piping
nents and piece parts) Baffles
Generator (with associated components Gaskets
and piece parts) Cosers4

j Cettnors
,

1 Instrumentation and control circuits

| Relap Filter / Strainer
j

a Switches '
Yoltage rtsulator

A fdter is a doke containing a porous material
Lube Oil Splem through whkh IMi is paued to remcne susperded j

,

j impurities or to reo:ner sohds. The fiher resdes in a
ij Filters housing, which hokis and supports the (dter materia! ;

; Gaskets and aho presides a peessure bourdar) [
.t

{ C-4
; I

l<



__

Filter / Strainer (continued) Fuse
Inductor

Fihers range in compicuty from a Alter material in a Internal power supply
Oscillatorhousing to self clea: ting or traveling screens. The
Protection cardboundary for the self deaning t>pe includes spray noz.
Rectifiertjes, refuse treughs, a pump, motor, and sometimes a

space hmter to ensure continuous opfation during Relay
R'$I510'subfreezing temperature conditions. The boundary for
Switchthe simple futer encloses the housing and the filter
Transformermaterial.
Transistor
Undenoltage coil

Piece Parts. Undenoltage trip
\'ottage regulator

Filter material
i outing
ent sah" Meesurement Systema

Drain sabes
Pump
Motor A measurement sptem or subsptem consists of one

Refuse troughs or rnore measurement dokes and any other necessary /
Spray nonles subsptem elements interconnected to perform a com.

Space heater plete mesurement from the sensor to the output. A
Piping from pump to noule measurement subsptem is disided into general fune.

tional groups comisting of a primary detector, interme.

Heat Tracing Hesters diate mean$. *ad th' end deke The *nnitia$ of
these furwtion9 groups are as follows:

Primary Detector (sensing element or initialHeat tracing heaters are electrical cables sur.
elementHThe pnmary doector is the nnt subsptemrounded by insulating materials. Heat tracing
element or group of elements that responds quantita,heaters are wrapped around piping and compo-
bd7 80 * E"''*"" N ***N d PC'f*'**nents to regulate heating of the borated *ater
h meawment operahwithin the piping or components so that the boric

Intermediate Means-The intermcJiate meansacid will not solidify. The boundary is considered WW au s6pte Aants tM sre uW to pn.to be the cable, insulation, and regulating dolces.
form rweessary and dtstirwt ortrations in the memure.
ment sequerxt htween the ptrnar) detstor and the

|nverters end deke. It adags the operattonal resuht of the pi.
mary detectoe to the input requirunents of the end

Imerters comert de town into ac power suitable fo' deke.
use for marumentation. The bourdary around the End Dolcc-An end doke is the final subsp.
imerter erwloses the caung tut stops at the input and tem element that responds quantitathtly to the
output leads. An imerter is sometimes referred to as an parameter being measured and performs the final
unintem@ pown supply- measurement operation, it performs the final con.

sersion of measurement energy to an indication,
Piece Parts: record, or the initiation of control. !

Annunciator control card The components of the measurement suhntem are: f
Capacitos c

Choke Indicatori l

Control card / module !

Cooling fan I
IDiode e kr. cup sud es. a meawemem i>uem m e re .ca m.

3* N a $$ 85a8 ** 'd * **d"' d * "s'am ior !Driser board ian r ee. 'rooi e4 e e4hwi doti .nh i>uems semams 1

$ ! Eh M441 WDS) REMS 4:%$ elc4trW4,lleb)64ema. In tha (4he,4 f
Frequene) board nowre=<r - u coemdered a wh>uem.

C5
|

i
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Meesurement System Pipes
(continued)

Pipes include the following:

|Controllers Elbowi |
| Transmitters Tees
; Switches Junctions

Timers Unions (Danged or welded connection) |
| Thermowella %bing |Cables

Pipes and estruded tubing are in this category. |

The component boundary is the outer wall of the !

Motor Driven Pumps pipe or tubing. A junction li slewed as a small
diameter pipe welded to the side of a larger diame-

|

Tor these pumps, the component boundary is ter pipe, in this case, the s.1d is considered as part '

chosen to be the pump unit and the drher The of the junction. A union is a connection between
i

pump unit description is the same as that for *e two almilar diameter pipes, either a dansed or
we ed conndon. |turbine driver. The pump motor drher boundar)

around the drher housing and shaft coupling, !

EI"'E#'"Power failures are not considered Some motor. ,

drhen pumps may hase a reducing gear for sariable ;EI '8Pspeed of the pump shaft. This special coupling is
included within the boundary Any lubrication :)s- Tubing !,

tems are also included. !

Piece Parts:

Pump seal failures will generally be described in
,

Electric motor with internals pump reports; howes er, they ;an be considered sep- I
Housing / stator arately. Some pumps base complicated seats. A seal i
Stator windings is defined as a materia! ** packed'* about a shaft (or

|Rotor body between metal prts by either compression or
Rotor windings mechanical action to hold it in plaec). Mechanleal

,Magnets seals uss estremely close gaps so a Guid film forms
|Bearings and keeps leakage acceptably low, iMotor shaft

Coupling to pump unit Packing Materials:
Pump unit
Casing / housing Asbestos
impeller Carbon

,

'

Shaft Graphite t

,

Bearings TFE (Tetrafluoroeth>lene compounds,1.e.
Seals (see information below) Tene,,, A
Suction Glass fiber i

Metals (aluminum, copper, or Rabbitt (an j
l.ubrication subs) stem antifriction alloy of tin, copper, and anti- ,

mon))] !

O and T rings of sarious elastomers

Mechanica$ spis:
k

a4Yad a sMiYt aE9Nu IseEYu" Generally these are fine tolerance metalt
rwa of c4 tumo.ca e to meaim tu tmpersin imua, Nrts. Spring loaded rings or injection Ou-

[t4 ouemtowd*9 ids may be used. ,

i
i

C6 ,i
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| Rectifiers Piece Parts:

Generally, a rectifier converts alternating current Bushhgs

! to direct current, it is composed of diodes (usually Casing (ocrhaps an oil bath, too)

soild state but may be selenium or mercury valves) Coil windings ,

that are connected to each other. Connutors
The boundary is around the rectifier casing. Core

(some transformers may have a cooling ;
'

Piece Parts: subsystem for an oil bath or cooling fans)

i Connectors t

Casing Valves, Air Operated
Cooling fan
Diodes

The air-oper :ed valve boundary includes the
Relays valve and the pneumst!c operator. The valve is

defined as the valve body, all internals, and seals.
The boundary around 1 relay includes the casing, The pneumatic operator is defined as all compo-

coil, and contacts. Control or lins v;cr faults are nents inside the operator housing that are necessary
outside the boundary. to make the saive function correctly. Loss of air

pressure to the operator is not considered to be a
Piece Parts: Salve or operator fault.;

Solenoid coil
'

Contacts Valve Piece Parts:
Wires !

Springs Valve stem !
Connectors Yoke

Packing
Supports and Snubbers Packing follower

,

Bonnet
These complex desices are used to accommodate Closure member ;

thermal mosement, hydraulic transient loads, and Flange
seismic esent loads in piping and components in Valve body
accordan:e with American Society of Mechanical Bolts, nuts i

Eagineers (ASME) code requirements. They Valve seat
include constaat supports (CS), variable spring Seals
supports (VSS), mechanical snubbert (MS), and.

hydraulic snubbers (HS). The boundary encom-,

passes the attachment to the pipe or component, Air Operator Piece Parts:
the attachment to the beam or other appurte.

.

nances, all external auxiliary systems that support Actuator housing |,

the device, and the device itself. The piece parts for Air chamber !

these devices are shown in the matrix presented in Diaphragm
Table C 1 (see following page). Spring t

Actuator shaft roupling
Transformers Bolti

Linkages
The component xundary is the transformer cas. Pneumatic positioner unit with mternals

ing itself, including tiie internals such as the core (This unit is not genetic to all Salve opera- |
and wire winding. Cab |es are not considered as part f or designs.)

'

of the boundary. Air flow control valse (solenoid operated) t

I !
]

'

1 ;

C7 :
I
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Table C 1. Supports and snubbers piece parts
,

I
Device

CS VSS MS HS

!Housing / body / cylinder x x x x
Wiper x- - -

Turnbuckle x x- -

Reservoir x- - -

Rod / Hanger x - --

.

Bleed Plug - - - x
Welded Attachment x x - -

Clamp - - - x t

Steel Beam x - - -

r
Filter x- - -

Vahe - - - x
Travel Scale x x - -

1Spring x x x -

Nu: x x x -

Washer x - - -

Plate x - - x
Piston - - - x
Pivot - x - -

Shaft - - x x
Bearing x x- -

Inertia Mass - - x -

Torque Trans. Drum x- - -

Cylinder End Plug - - x -

Telescoping Cylinder - - x -

Paddle x- - -

i Head x- - -

'
_.

Valves, Check Valves, Manual ;

!
I

Check valves are considered to be simpler than The boundary around a manual valve includes ;

. air or motor-operated valves. The check valve is the valve body and actuator. The valve body is
"

designed to perm!t only one-directional flow. defined as including allInternals and seals. 3
-

1 .

j Piece Parts: Valve Piece Parts: ;

Valve body Valve stem
Valve closure member Valve stem connection,

Hinge Yoke {
Access panel Packing +

Bolts, seats Packing follower !
o

2

!
i

i ;

l

C.8 i
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Valves, Manual (continued) valve stem connection
Housing assembly

Valve Piece Parts (continued):
Valves, Over-Pressure Protection

Bonnet -

Closure member
Flange This category includes the followir<g:

Valve body
Bolts, nuts Code safety valves ,

'

Valve seat Power-operated relief valves

Seals Safety / relief valves

hiechanical stop
; are specific valves for safety applications.

dde safety valus are safety valves that meet theValves, Motor Operated requirements of the AShfE Boiler and Pressure
Vessel Code. This type of valve uses spring pressure

The boundary around a motor-operated valve to hold the valve disc shut against the system pres-
includes the valve and the motor operator. The

sure. It is tota!!y self activated and is used for quick
valve is defined as the valve body, all internals, and

relief f excessive system pressure. The component
seals. The motor operator is defined as all compo- ,

boundary is around the valve surface. The welds
nents inside the motor housing tlet are necessary to

that join the valve base and outlet to th- associated -

make tne vahe function correctly. The control
pipes are included with the pipe component,power and main power cables are outside the

Power-operated relief valves (PORVs) are con-boundary.
,

trolled either automatically or manually. These !

valves generally have a pilot tube and solenoid
Valve Piece Parts:

!.plunger to control the valve disc (closure member)

Vahe stem motion. The component boundary is treated the I

Yoke
same as that for a code safety valve, with the inclu.

Packing si n of the solenoid and plunger. Power leads are

Packing follower outside the boundary.

Bonnet A safety / relief valve is another type of pressure

Closure member relief valve. This valve, like the PORV, can be oper.

Fiange ated automatically or manually. The component

Valve body boundary is treated the same as above, with the

Bolts, nuts boundary over the vahe surface and welds included

Yahe seat in the piping system.

Seals
Piece Parts:

hiotor Operator Piece Parts: j
Code Safety Valve ;

Electric motor with internals
! Housing / stator Adjusting screw f
4

Stator windings Base i

Rotor body Bonnet ;

hlagnets Cap

Bearings Disc
'

i

blotor shaft Disc guide ;
'

Gears Packing
;

j Limit switch Seat )
) Torque switch Spindle

Manual operator Spring
:

1

C9
,
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Valves, Over Pressure Protection Disc i

(continued) Drop lever
|Lifting gear |

Operator l
i

Piece Parts (continued): . Packlag
Seat

Power Operated Relief Valve Spindle
Spring

,

Body Yoke

Lever !<

Packing
Pilot valve disc Welds
Pilot valve seat
Piston
Plunger A weld is the joint between two pipes, formed by

J Solenoid or other operator either heat or pressure or both, as well as the use of
,

j Spring a filler material for the gap between pipes. For this
j Switch definition, the heat affected zone in the pipe mate-

Valve disc rial is included with the weld..,

Valve seat L

Piece Parts: I

Safety / Relief Valve 1
,

Welds !'

'
Base Filler material
Compression screw Heat affected zone of piping or tubing ,

'
,

i
!

!
.,

!

r

B

|

!

!

!
<

W

I

t

a

1

i

i C 10
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APPENDIX D

FAILURE MODE CODES AND DEFINITIONS
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APPENDIX D

i FAILURE MODE CODES AND DEFINITIONS

Table D 1. Failure modo codes

Component Code Description

Accumulator GLF Lus of function !

Battery / Battery Charging Unit GLF Loss of function (no output) |
|

Bus GLF Loss of function

Cable GLF Loss of function

Circuit Breaker GFP Falls to operate
GSO Opens (preinature)

Diesel Generator GFS Fails to start
GFU Fails to run
GNF No failure (only used when diesel

,

generator is still operable despite j

j, subcomponent failure)
|

J Filter / Strainer GLF Loss of function
#

GPL Plugged

Hanger / Snubber / Support GLF Loss of function

Heat Tracing Heater GLF Loss of function

instrumentation GFP Falls to operate
GEE Erroneous / erratic signal

,
inverter OLF Loss of function

hiotor GFU Falls to run

Pipe GRU Rupture
GPL Plugged

Power Supply, Electric GLF Loss of function
I

hiotor Driven Pump GFS Fails to start
j GFU Falls to run
j GEL External leakage

Turbine Driver Tump GFS Fails to start
; GFU Fails to run
'

GEL External leakage

1
,

,

'
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Table D 1. (continued)

Component Code Description

Relay GFC Fails to close (normally open)
GFO Fails to open (normally closed)

1

GSH Short circuit -

GFP Fails to operate (energize)

Thermowell GLF loss of Metion
i

Timer GLF Loss of function

Transformer GLF Loss of function

Valves (general) GFO Falls to open
,

GFC Falls to close<

GEL Externalleakage
GFR Fails to operate as required
GOC Falls to open/ fails to close
GPL Plugged (falls to remain open)

Check Valve GFO Falls to open
GFR Falls to operate as required
GIL Internalleakage (reverse leakage)
GEL Externalleakage

Motor-Operated Valve GFO Fails to open
GFC Falls to close
GEL Externalleakage
GPL Plugged (fails to remair, open)
GFR Fails to operate as required
GOC Fails to open/ fails to close

,

Pneumatic Valve GFO Falls to open
GFC Falls to close
GEL Externalleakage
GPL Plugged (falls to reraaln open)
GFR Falls to operate as required
GOC Falls to open/ fails to close :

Rel..f/ Safety Valve GFO Falls to open t

GSO Opens (premature) !

GFC Fails to close (rescat) l4

i

Vent Valve GFO Falls to open
GFC Falls to close
GEL Externalleakage
GFR Falls to operate as required

i

GOC Fails to open/ fails to close
GPL Plugged (falls to remain open)

4

,

t

'
.

D-4

,
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Table D 2. Failure mode descriptions

Accumulator

1. Loss of function-This failure mode is the inability of the accumulator to perform its intended
functt m.

Battery / Battery Charging Unit

1. Loss of function-This failure mode is the inability of the charging unit to perform its function to
specifications or the lack of specified output from the battery.

Bus

1. Loss of function-This failure mode is the inability of the bus to perform its intended function.

Cable

1. Loss of ftnetion-This failure mode is the inability of the table to trensmit the correct signals. An
example of this type of failure mode is inst!ation breakdowa around the cable producing a short or
;round.

Circuit Breaker

1. Fails to operate-This failure mode describes the circuit breaker that does not function properly. It
can either fail to open or fail to close on demand.

2. Opens (Premature)-This failure mode is the opening of the circuit breaker prior to demand.

Diesel Generator

1. Fails to start-Fails to start encompasses diesel generator failures that resulted from the diesel
failing to start, failing to reach rated speed and voltage once a start sequence was initiated, and
failing to achieve expected loading (kW).

2. Fails to run-Failure to run mode is any failure of an operating diesel generator to supply power to
the emergency bus, gisen that the diesel g nerator had undergone a successful start. It also includes
the spurious stopping of the diesel generator and the inability of the diesel generator to contir.ue to
run as demanded.

3. No failure-The diesel generator does not fail when the narratise states that the diesel generator is
still operable despite the failure of a subcomponent in one of the diesel generator's subsystems. An
example of this is when a cooling pump fails but a back.up pump is available for the diesel
generator im oh ed.

Filter / Strainer

1. Loss of function-This is the inability of the filter / strainer to perform its intended function.

2. Plugged-This includes plugging of the filter / strainer.

Hanger / Snubber / Support

1. Less of function-This is the failure of the component to proside the pipe with the necessary
support and it is the inability of a snuober to perform to seismic requirements.

D5
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;. Table D.2. (continued)

l

lleat Tracing Heater I
,

1. less of function-This is the failure of the heat tracing heater to provide adequate heating function
to maintain boron in solution within the piping and components.

Instrumentation

1. Fails to operate-This failure mode is the inability of the instrument to perform its function.

2. Erroneous / Erratic signal-Erroneous or erratic signals are produced by the instrument.

Imerter

1. l.oss of function-This is the failure of the inverter to perform its intended function to specified
requirements.

Motor

1. Fails to run-This failure mode is the inability "a motor to run as required.

Pipe

1. Rupture-Rupture of a pipe is a break in the pipe that can or does produce leakage of the
contained medium.

2. Plugged-Plugging of a pipe is a restriction of flow of the contained medium.

Power Supply, Electric

loss of funct on-This is the failure of the power supply to provide the required amount of poweril.
to the interfacing component.

Pump

1. Faih to start-This failure mode is used to describe faults involving pumps that did not start upony

demand or which started and only operated for a brief period of time before tripping off.line.

2. Fails to run-Fails to run indicates that an operating pump was automatically or manually tripped.

off line to present damage to the pump. It also includes pumps that fail to run to specifications.

3. Externalleakage-The leakage failure mode describes a fault in whicle the pump is operational but
is removed from service because of excessi e leakage of the pumped medium. A common excmple
of this mode is a packing leak.

Relay

1. Fails to close-Fails to close is the failure of a normally open relay to close upon demand.

2. I ails to open-Fails to open is the failure of a normally closed relay to open upon demand.

3. Short circuit-This failure moJe describes short circuit of either a normally open or normally
closed relay. This may include the improper operation of the relay.

D6



_ _ -___

Table D 2. (continued)

4. Fails to operate (energize)-This failure mode is the failure of the relay to operate due to lack of an
l input signal.
t

| Thermowell

1. Loss of function-This failure mode is the inability of the thermowell to perform its function. This
includes leaks around the thermowell.

Timer

1. Loss of f unction-This failure mode is the inability of the timer to perform its function.

Transformer

1. Loss of function-This failure mode is the inability of the transformer to continue to function
properly.

Vahe

1. Fails to open-Vahe fails to open fully when demanded.

2. Fails to close-Vahe fails to close fully when demanded. This includes safety / relief vahes failing to
rescat.

3. Externalleakage-A leak or rupture of the vahe that would allow the contained medium to escape
from the component boundary. The most common example of this mode is a Dange leak.

4 Plugged (faih to remain open)-This failure mode refers to any esent that would stop or limit flow
through a normally open vahe Valves that fail to open or vahes that are either intentionally or
unintentionally closed by human action when required open are not considered plugged salves. Two
examples of a plugging event are (a) a valve disc that separates from the stem and falls into the
closed position and (b) the air supply to an air operated vahe failt, allowing the valve to drift
closed.

5. Fails to operate as required-The fails-to-operate.as required mode is to be used whenever (a) a
sabe fails to meet specific requirements such as stroke time or (b) a valve loses the ability to control
system parameters.

6. Fails to open/faik to close-This failure mode is used w hen the narrative lacks specific information
on whether the vahe failed to open or failed to close.

7. Internal leakage (re erse leakage)-Reserse leakage is a mode used to describe internal leakage
through a check wive.

8. Opens (premature)-This failure mode applies strictly to relief and safety vahes. A relief or safety
vahe opening prior to its pressure setting is a typical cu mple of this mode; however, the cause of a
"premature open" is not always a pressure transient,

l
I

!

I

l
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APPENDIX E ,

|
l AGING FAILURE SURVEY INFORMATION

Appendix E is disided into 15 subsections. These 3. A summary table indicating the total :
subsections contain information pertinent to the 15 counts for the NPRDS component divi- |
systems analyzed and appear in the following order: sions and the corresponding component-

level fractions for the five ger zric failure i

1. Class IE electrical power distribution (IE) categories. These component fractions for .

2. Auxiliary feedwater (AFW) the failure categories were calculated by
7

3. Component cooling water (CCW) dividing the total failure counts per failure ;

4 Containment fan (CTF) category for a particular component by the !,

5. Containment isolation (CTIS) total failure counts for that component |
6. High. pressure injection (H PIS) within the appropriate system.

,

*

7. Low pressureinjection (LPIS) 4. A summary table listing component frac- |
8. Main feedwater (MFW) tions at the system level for the five generic
9. Reactor building cooling (RBC) failure categories. These fractions were
10. Reactor core isolation cooling (RCIC) calculated by dividing the total failure
!!. Reactor protection trip (RPS) counts corresponding to a failure category
12. Reactor coolant (RNC) for a particular component by the total
13. Residual heat removal (RHR) failure counts for all components within '

14. Sersice water (SWS) the appropriate system.
15. Standby liquid control (SBL). 5. Detailed aging tallies tables (on microfiche

inside back cover). These tables display the i
The following tabular information is prosided detailed breakdown for the data by com-

for each subsection: ponent, system effect, failure category, ;

an age of component at time of faHure,
1. A listing of the NSSS, system, and compo- The information is presented in these

nent codes and descriptions present in the
ta es y , systera or Msystem, and

data for that specific system. Ti.is listing is c mp nent. For each NSSS/ system /
provided for ease of interpreting the codes

component comNnation, a faHure total
used in the tables. and system Wect heaWown h mmn-

2. A table summarizing the total counts per4

ated. The failure total indicates the total ;! failure category and total counts per sys-
tem effect eategory with the corresponding failure counts for that particular NSSS/'

oserall fractions per category. These fail. system / component combination. The sys.

ure fractions were calculated by disiding tem effect number (sys eff. no.) indicates
the total number of failures for that NSSS/the total counts within a failure category or ,

system effect category by the total failure system / component that resulted in that |

|
counts for that system. system effect.

!

,

,

'
1

!

E3
i :
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Table E 1. Class 1E electrical power distribution system

NSSS: A BABCOCK & WILCOX
C GENERAL ELECTRIC
E WESTINGHOUSE

SYSTEht: A BABCOCK & WILCOX
EBE PLANT AC POWER
EBG-INSTRUh1ENT AC POWER
ECD DC POWER
EEC EN1ERGENCY POWER
EECDAA DIESELSTARTING AIR
EECDCA DIESEL COOLING WATER
EECFOA DIESEL FUEL OIL
EECLOA DIESEL LUBE OIL

C GENERAL ELECTRIC
EBA PLANT AC DISTRIBUTION
EBJ INSTRUhfENT AC POWER
ECB DC POWER
EEA Eh!ERGENCY POWER
EEADAA DIESEL STARTING AIR
EEADCA DIESEL COOLING WATER
EEAFOA DIESEL FUEL OIL
EEALOA DIESEL LUBE OIL

;

E WESTINGHOUSE
EBF PLANT AC POWER
EBK INSTRUhfENT AC POWER
ECC-DC POWER
EEB EhlERGENCY POWER
EEBDAA DIESEL STARTING AIR
EEBDCA DIESEL COOLING WATER
EEBFOA DIESEL FUEL OIL
EEBLOA DIESEL LUBE OIL

COhtPONENTS: ACCUh1U INDREC
AIRDRY INTCPhi
ANNUNC IPWSUP
BATTRY IXhilTR
BLOWER h1ECFUN
CKTBRK h10 TOR,

ELECON PIPE
ENGINE PUhiP
FILTER RELAY '

|GENERA TRANSF
llEATER TURBIN |

itTEXC}l VALVE,

IBISSW VALVOP
ICNTRL

l

|

|

I
1

|

E4i
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Table E 2. Class 1E electrical power distribution system totals and fractions

Failure Category Totals
,

261Design Failures =

741Aging Failures =

153Test and Maintenance Failures =

46Human Related Failures =

1059 tOther Failures =

Total 2260

Failure Categcry Fractions

0.115Design Fraction =

0.328Aging Fraction =

0.068Test ind Maintenance Fraction =

0.020Human Related Fraction =

0.469Other Fraction =

System Effect Totals
,

$1Loss of System Function =

387Degraded System Operation' =

634Loss of Redundancy =

611Loss of Subsystem / Channel =

577System Function Unaffected =

Total 2260

System Effeet Fractions

0.023 |Loss of System Function Fraction =

0,171Degraded System Operation Fraction =

0.281Loss of Redundancy Fraction =

0.270Loss of Subsystem / Channel Fraction =<

0.255System Function Unaffected Fraction =

i

|

:

r

|>

,

f
s

!
'
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Table E 3. Class 1E electrical power component failure category fraction,a ;

Componentsb Total Design Aging Testing Human Other ;
,

Blowrr 215 0.005 0.623 0.056 0.005 0.312

Motor 31 0.097 0.613 0.065 0.226-
i

Pump 68 0.074 0.603 0.088 - 0.235

Valve 177 0.146 0.567 0.101 0.006 0.180
i

0.500Instrumentation: 2 0.500 - --

' Electric Power Supply

0.500 - - 0.500 jPine 4 -
;

0.500 !Airdry 4 0.500 - --

Filter 13 0.308 0.462 0.154 0.077-

Heat Exchanger 14 0.429 - - 0.571-

Heater 11 0.182 0.364 0.091 - 0.364 i

!

Valse Operator 14 0.143 0.357 0.071 0.429-

Battery 242 0.107 0.326 0.045 0.025 0.496

Engine 4% 0.131 0.256 0.099 0.028 0.486 i

Mechanical Function Unit $$ 0.109 0.255 0.091 0.0$$ 0.491

Instrumentation: 8 0.250 0.125 - 0.625 '-

'
Recorder

|Relay 88 0.125 0.250 0.045 0.034 0.545
l

Instrumentation: 93 0.065 0.237 0.065 0.0| | 0.624
Switch

,

Generator / Inverter / Alternator 390 0.!!$ 0.236 0.033 0.015 0.600 i

Circuit Breaker 243 0.144 0.214 0.058 0.015 0.539

Turbine 5 0.200 0.200 0.600- -

Transformer 30 0.233 0.133 0.033 0.600-

0.708 Iinstrumentation: 24 0.042 0.125 0.125 -

Transmitter
3

0.250 |Electrical Conductor 24 0.542 0.083 0.125 -

Instrumentation: 1 1.000 !- - - -.

j Computation Module )
; |

|

} E6
4
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Table E 3. (continued)

b Total Design Aging Testing Human OtherComponents

- - - - 1.000Accumulator 2

- - - - 1.000Annunciator 1

- - - 0.500Instrumentation: 4 0.500
Controller

Total 2259

a. Denominator equals total component failures per system,

b. Components ordered by aging fractions.

- -

!

1

I
i

|
|

|
|

!

|

1

1
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Table E 4. Class 1E electrical power component failure category system fractionsa

Componentsb Total Design Aging Testing Human Other

Blower 215 0.059 0.005 0.030 '- -

Engine 4% 0.029 0.056 0.022 0.006 0.107'

Valve 177 0.012 0.045 0.008 - 0.014
i !

Generator / Alternator / Inverter 390 0.020 0.041 0.006 0.003 0.104

Battery 242 0.012 0.035 0.005 0.M3 0.053

; Circuit Breaker 243 0.015 0.023 0.006 0.005 0.053
.)

Pump 68 0.002 0.018 0.003 0.007 :-

i
1 Instrumentation: 93 0.003 0.010 0.003 0.026-

Switch:
1

Relay 88 0.005 0.010 0.002 0.001 0.021
,

'

t

Motor 31 0.001 0.008 0.001 0.003 :-

t

Mechanical Function Unit 55 0.003 0.006 0.002 0.001 0.012
,

j Heat Exchanger 14 0.003 0.004- - -

!Filter 13 0.002 0.003 0.001j - -

Vahe Operator 14 0.001 0.002 - - 0.003 i

- - 0.002 |Heater 11 0.001 0.002
4

| Transformer 30 0.003 0.002 0.008- -

4

j Altdry 4 0.r01 0.001- - -

i
t

j instrumentation: 24 0.J01 0.001 0.008 <- -

. Transmitter
4

.|| Instrumentation: 8 0.001 0.002- - -

; Recorder |
i |

Pipe 4 0.001 0.001 :- - -
;
, ,

0.003 |; Electrical Conductor 24 0.006 0.001 0.001 -

Ij instrumentation: I - - - - -
i

a Computation Module |
\
j Annunciator 1 - - - - .-

Accumulator 2 0.001- - - -

Turbine 5 0.001- - - -

l

E8
4

1
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Table E-4. (continued)

Componentsb Total Design Aging Testing Human Other

Instrumentation: 2 - - - - -

Electric Power Supply

instrumentation: 4 0.001 - - - 0.001

Controller

Total 2259

a. Denominator equals total sptem failures,

b. Components ordeied by aging fractions.

___

E9
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Table E 5. Auxiliary feedwater system
,

|

NSSS: A BABCOCK & WILCOX
'

E WESTINGHOUSE

SYSTEM: A BABCOCK & WILCOX
1 HHB EMERGENCY FEEDWATER
!

j E WESTINGHOUSE .-
'

HHC AUXILIARY FEEDWATER '

! COMPONENTS: ANNUNC
1 CKTBRK
' ENGINE

IBlSSW
ICNTRL '

INDREC
CKTBRK
ENGINE
IBISSW
ICNTRL

' INDREC
INTCPhi

: IPWSUP
; ISODEV

IXMITR
MECFUN
MOTOR
PIPE
PUMP |

3 RELAY
SUPORT

'

.

| TURDIN !

VALVE '

VALVOP

!

i i
1 i
1 &

i,4

l (
!
! r

i t

2
i

:

i
'

! I

I

|(
E 10
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| Table E 6. Auxiliary feedwater system totals and fractions |

|
,

t

| Failure Category Tott!s !

i
*

85 |Design Failures ='

258 |Aging Failures =

73 |Test and Maintenance Failures =

!$ I
.

Human Related Failures =

398 !
! Other Failures =

} 829Totali

i

{
Failure Category Fractions

1
0.103Design Fraction =;
0.311Aging Fraction =

,

0.088Test and Maintenance Fraction =*

0.018Human Related Fraction =

0.440
i Other Fraction =

i System Effect Totals

$ |i Loss of System Function =

161 iDegraded System Operations =
: '

1$3) Loss of Redundancy =

2$$; Loss of Subsystem / Channel =

25$System Function Unaffected2 =

Total 829

System Effect Fractions

0.006
i

Loss of System Function Fraction =

0.194Degraded System Operation Fraction! =

0.185Loss of Redandancy Fraction =
.

Loss of Subsystem / Channel Fraction 0.308* =

0.308System Function Unaffected Fraction' =
*

,

f

;

!

1
.

'|
E l!
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Table E 7. Auxiliary feedwater component failure category fractionsa ;
#

] Componentsb Total Design Aging Testing Human Other
i

Annunciator 1 1.000- - - -

Valve 267 0.097 0.521 0.082 0.007 0.292
.

Instrumentation: 2 0.500 0.500- - -
i

Isolation Device

: Instrumentation: 26 0.500 i0.385 0.115- -

Computation Module |

Instrumentation: 47 0.043 0.340 0.021 0.5%-

Controller*

Instrumentation: 3 0.333 0.333 0.333 '- -

Electronic lbwer Supply

; Relay 12 0.250 0.333 0.167 0.250 ;-

!
:

,

Vahe Operator 103 0.078 0.252 0.107 0.019 0.544 !

I
- Instrumentation: 24 0.042 0.250 0.708 i- -

i Switch
! I'

Pump i10 0.091 0.245 0.091 0.027 0.545 i
!

Pipe 5 0.400 0.200 0.400
[

- -

hf echanical Function Unit 16 0.062 0.188 0.250 0.125 0.375 '

,
Alotor 7 0.143 0.857 i

- - -

t '

#

Circuit Breaker 22 0.136 0.136 0.227 0.500 |-

Turbine 60 0.150 0.133 0.100 0.050 0.567

I Instrumentation: 19 0.105 0.105 0.789- - ,

; Recorder F

i
'

,

I instrumentation: 77 0.143 0.104 0.026 0.039 0.688
Transmitter j

; Support 22 0.364 0.045 0.136 0.455-

:

| Ensine 6 0.333 0.667 t
- - -

|'
;

Total 829 !

! I
a. Demoniinatn. equals txalcomponent failures pf sptem

i
|

b. Cornponents ordered by aging fractions. j

!
!

,
I

I
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ja
; Table E 8. Auxiliary feedwater component feilure category system fractions

| I
'

b Total Design ging Testing Human Other jComponents
>

Valve 267 ti.031 0.168 0.027 0.002 0.094

)' Pump 110 0.012 0.033 0.012 0.004 0.072 !
!

i

Valve Operator 103 0.010 0.031 0.013 0,002 0.068 i

. 0.034 !
instrumentation: 47 0.002 0.019 0.001 -

i l
! Controller

!
i

0.016 j0.012 0.004Instrumentation: 26 --

Computation Module

l Instrumentation: 77 0.013 0.010 0.002 0.004 0.064 ,

Transmitter

j Turbine 60 0.011 0.010 0.007 0.004 0.041

|l 0.021
j instrumentation: 24 0.*4: 0.007 - - >

l

Switch;

J 0.004
! Relay 12 0.004 0.005 0.002 -

,

1

Mechanical Function Unit 16 0.001 0.004 0.005 0.002 0.007'

0.013 I! Circuit Breaker 22 0.004 0.004 0.006 -

'

0.0180.002 0.002instrumentation: 19 --

Recorder |'

i
'

i Annunciator ! 0.001 - - --

; i

0.001 j0.001l Instrumentation: 2 - --

isolation Device
1<

0.001 1
i instrumentation: 3 0.001 0.001 - -

j Electric Power Supply

) Support 22 0.010 0.001 0.004 0.012-

i Motor 7 0.0070.001 - --

i 0.002
! Pipe 1 0.002 0.001 - -

1

0.0050.002j Engine 6 -- -

Total 829

I
f

4. Denominator squels tc4al sptem failures.
;
1

i b. Components e dered by aging fractions.

!

!

| E 13
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Table E 9. Component cooling water system

NSSS: A ilAllCOCK & WILCON
C GENERAL ELECTRIC
E WESTINGilOUSE

SYSTEN1- A IIAUCOCK & WILCOX
Wilu CON 1PONENT COOLING WATER

C GENERAL ELECTRIC
WilA REACTOR BLDG, CLOSED COOL.ING

E WESTINGilOUSE
WBD CON 1PONENT COOLING WATER

CON 1PONENTS: ACCU.\1U
CKTBRK
ELECON
llT E''.Cil
IBISSW
ICNTRL
INDREC
INTCPN1
INN 11T R
.\10TO R
PENETR
PIPE
PUNIP
RELAY
SUPORT
VALVE
VALVOP

!

|

|

E.I4 |
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Table E 10. Component cooling water system totals and fractions

Failure Category Totals

65Design Failures =

457Aging Failures =

64Test and Maintenance Failures =

20Human Related Failures =

370Other Failures =

Total 976

Failure Category Fractions
,

0.067Design Fraction =

0.468Aging Fraction =

0.066Test and Maintenance Fraction =

0.020Human Related Fraction =

0.379Other Fraction =

System Effect Totals

3Loss of System Function =

142Degradcd System Operation =

131Loss of Redundancy =

325Loss of Subsystem / Channel =

375System Function Unaffected -

Total 976

System Effect Fractions

0.003Loss of System Function Fraction =

0.145Degraded System Operation Fraction =

0.134Loss of Redundancy Fraction =

0.3331.oss of Subsystem < Channel Fraction =

0.384
,

System function Unaffected Fraction =

!

,

.

|

i

E.1$
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Table E 11. Component cooling water component failues category fractiones
i.

Componentsb Total Design Aging Testing Human Other;

i -

{ Pump 183 0.060 0.749 0.044 0.148-

Pipe 3 0.667 - - 0.333 !-

|
) Inft' nentation: 7 0.571 0.143 0.286- -

.

;; i. . p. .

1 I

j N.5- 276 0.025 0.562 0.069 0.029 0.315 I

>
!

;
. 88 0.102 0.523 0.04! 0.034 0.295

I I

J 6 0.167 0.500 0.167 0.167' -

|
17 0.059 0.471 0.471 i- -

'
4> 29 0.069 0.448 0.069 0.034 0.379

i.neuit Breaker 47 0.085 0.362 0.064 0.021 0.468

! Instrumentation: 14 0.286 0.714- - -
r

; Computation Module j
i i

j Vahe Operator 186 0.091 0.247 0.086 0.011 0.565
[

| >

Instrumentation: 27 0.037 0.222 0.037 0.704 i
'

-

! Switch
i

f
instrumentation: 28 0.107 0.214 0.214 0.464-

Recorder
I

'

Instrumentation: 61 0.115 0.164 0.066 0.066 0.590
[

'

! Transmitter i
I '
.

Penetration 1! 1.000- - - -

l Accumulator 1 1.000 ;
- - - -

i Electrical Conductor 2 1.000 - - - -

3
!

! |Total 976
1

.i l

!i

| a. Denominator eqwals total component failures ret splem. I

b. Components ordered by aging fractions.

E

,

)
i

t

)
i
4

1 E.16
1

l
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) Table E 12. Component cooling water component failues category system fractionsa

d !

,l '

b Total Design Aging Testing Human Other
| Components ,

i

Valve 276 0.007 0.159 0.019 0.008 0.089
| t

0.028Pump 183 0.011 0.140 0.008 -

t

Vahe Operator 186 0.017 0.047 0.016 0.002 0.108
,

1

Heat Exchanger 88 0.009 0.047 0.004 0.003 0.027

Circuit Breaker 47 0.004 0.017 0.003 0.001 0.023 i

I blotor 29 0.002 0.013 0.0^2 0.001 0.011
i

l
; instrumentation: 61 0.007 0.010 0.0N 0.0N 0.037 i

: Transmitter i
E

!
- - 0.008 !| Support 17 0.001 0.008

t

"1 0.019 |i instrumentation: 27 0.001 0.006 0.001 -

! Switch .

I
1 0.013 !
] Instrumentation: 28 0.003 0.006 0.006 --

|
Recorder |

i instrumentation: 14 - 0.0N - - 0.010 ,

i Computation Stodule |
1

) Instrumentation: 7 - 0ON 0.001 0.002
'

-

Controller |]
i I

0.001 0.001 ;; Relay 6 0.001 0.003 -

'

,

t
0.0010.002! Pipe 3 - --

0.001 |Penetration 1 - - - -

!

l' Accumulator 1 0.001 ;- - - -

1

} Electrical Conductor 2 0.002 - - - -

J I
1'

Total 976 ,

i

1
-

1 .. Iwmmo, equina i num raavm.
f.

. r

I

!

!

i
I

'

!
1

J >

I n.i7 |

i
1
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Table E 13. Containment fan system

NSSS: E WESTINGilOUSE

SYSTENt: SBO CONTAINNIENT FAN COOLING

CON!PONENTS: 111 OWER
CKTDRK
ELECON
FILTER
}{TENCil
tillSSW
ICNTRL
INDREC
INTCPhi
INNitTR
N1OTOR
PIPE
PUNIP
RELAY
val.V E
VALVOP

-

1

i

|

E.18

i l



Table E 14. Containment fan system totals and fractions

failure Category Totals

25Design Failures =

84Aging failures =

28Test and Maintenance Failures =

6iluman Related Failures -

17$Other Failures =

Total 318

lailure . 'r.cgory Fractions

0.079Design Fraction =

0.264Aging Fraction =

0.088Test and Maintenance Fraction =

0.019Human Related Fraction =

0.550Other Fraction =

System Effect Totals

3Loss of System Function =

45Degraded System Operation =

82Loss of Redundancy =

82Loss of Subs > stern / Channel =

106System Function Unaffected =

Total 318

S) stem Effect Fractions

0.009
|

Loss of System Function Fraction =

0.142Degraded System Operation Fraction =

0.258less of Redundancy Fraction =

0.25Nloss of Subsystem / Channel Fraction =

0.333System i unction Unaffected Fraction =

|
,

!

1

I

E 19
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Thble E 15. Containment fan component failure category fractions ' |e

|
- . .

Componentsb Total Design @ Testing Human Other !
i

Relay 3 1,000- - - - '

Instrumentation: 2 1.000> - - - -
i

| Computation Module '

t

1 Pipe 4 0.750 0.250- - -

Pump 3 0.667 0.333- - -
,

t

! Petem t 28 0.071 0.44 0.036 0.429- .
t

Heat Exchanser 2' O.037 0.444 0.037 0.481-

P

I
i instrumentation: 5 - 0.400 0.600- -

Controller'

:
1

) Circuit Breaker 49 0.041 0.347 0.061 0.041 0.510
|Motor 30 0.033 0.333 0.%7 0.033 0 533 !

Valve 65 0.092 0.200 0.200 0.031 0.477 |
i

j Vahe Opciator $1 0.176 0.137 0.118 0 "9 ;-

i '

Instrumentation: I
*

1.000 i
- - - -

! Switch !

t

; Filter 1 1,000 (- - - -

o n
'

Electrical Conductor 1 1.000- - - -

i

} Instrumentation: 43 0.047 (0.070 0.884- -

; Transmitter
p

} Instrumentation: 5 0.400 0.600)
- - -

Recorderj .

.

! Total 318

1
~

!

] a Denominatoe eqms tout component fedures per spiem. f
I.

) b. Compocents ordered by asms fradions. f
i i

-

l i
i ;

< r

| '

| |
,

! !

I f
8 i

E 20 [
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Table E 14. Containment fa component failure category system fract!str ,a'

|
,

b Total Design Aging Testing Human Other |i Components
!

'

f Circuit Breaker 49 0.006 0.053 0.009 0.006 0.079

!

0.003 0.038
; Blower 28 0.006 0.041 -

'
;\

) Valve 65 0.019 0.04n 0.041 0,006 0.097
|

0.041Heat Eschanger 27 0.003 0.038 0.003 -

\
! Motor 30 0.003 0.031 0.006 0.003 0.050
1

0.091j Vahe Operator $1 0.028 0.022 0.019 - ;

-

1

0.009Relay 3 - - --
4

0.0030.009Pipe 4 - --

0.009} Instrumentation: 5 0.000 - --

Controller
i

0.006
'

instrumentation: 2 - - --

Computation Module-

i !
'

0.003Pump 3 0.006 - --

3

0.1190.009Instrumentation: 43 0.006 --

Transmitter

ff 0.003Electrical Conductor 1 - - - -

i <

0.003 |Instrumentation: Ia - - - -

Switch;

$ Filter 1 - - - - 0.003

0.009Instrumentation: $ 0.006 - - -

; Recorder ,

I Total 31B
1

.

l
!

) a. Denominator equals taalintem failurn,

i b. Components ordered by asins fractioni,
-|

'

1
t

1

!
i

t

|
3

E 21,
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ti Table E 17. Containment isolation system '

,
,

I

I

I NSSS: A BABCOCK & WILCOX ;

J E WESTINGHOUSE '!
4

SYSTEN1: A BABCOCK & WILCOX !3

e SDA CONTAINNIENT ISOLATION '

! E WESTINOHOUSE
; SDB CONTAINNIENT ISOLATION |

,

!
COMPONENTS: BLOWER,

j
CKTBRK r,

i ELECON
J IRISSW
4 (CNTRL i
I INDREC
1 INTCPM i
! IPWSUP f

j IXMITR !
; MOTOR j
! PENETR t

; PIPE }
RELAN ;

*

'
SUPORT |
VALVE '

1 VALVOP !

; t
: I

t

'

3 .

|| |
!

1 ,

!#

i t
4 [

| !
4 r

$ h
r
r

6

1 i
~

!
+

?

| E 22 j
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Table E 18. Containment isolation system totals and fractions
;

k I

Failure Category Totals

40 iDesign Failures* =

410
'

Aging Failures =

1. Test and Maintenance Failures 54=

16 :] Human Related Failures =

406 |Other Failures =

I Total 926
i

j Failure Category Fractions

0.043 !
| Design Fraction =

0.443j Aging Fraction =

0.058Test and Maintenance Fraction' =

0.017 !Human Related Fraction =

j Other Fraction 0.438 ;=

[
System Effeet Totals

2 I
.

Loss of System Function =

j Degraded System Operation 222=

Loss of Redundancy 127# =

273 !1 Loss of Subsystem / Channel =

; System Function Unaffected 302=

.

Total 926'

System Effeet Fractions

0.002 ;Loss of System Function Fraction =

0.240 Iq Degraded S) stem Operation Fraction =

0.137 |loss of Redundancy Fraction' =

0.295less of Subsystem / Channel Fraction =

0.326 !System Function Unaficcted Fraction =
,

1

1 i
'

I.

i,

,

!>

i !

) !

| c.23 |
; :

5
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; Table E 19. Containment isolation component failues category fractionsa

Componentsb Total Design Aging Testing Human Other
!

Penetration 4 1.000- - - - -

)
i Valve. 451 0.040 0.581 0,053 0.004 0.322
1

Blower 16 0.562 0.062 0.375- -

; Fipe 2 - 0.500 0.500- -

instrumentation: 2 0.500 0.500- - -

1 Controllers
i

Motor 4 0.500 0.500 -- - -

: Instrumentation: 32 0.031 0.375 0.594
|

- -

'

Transmitters
r

. Circuit Breaker 3 0.333 0.667- - -

i 1

f
'

Valve Operator 354 0.045 0.314 0.079 0.014 0.548.)
i

'

instrumentation: 5 - 0.200 0.200 0.600 |-

1 Computation Modules r
i
a i
) instrumentation: 15 0.133 0.200 - - 0.667 !

! Electric Power Supply
i
;

'

Instrumentation: 11 0.091 0.182 '

0.727- -

Recorders j
i

j Relay 8 0.29 0.125 0.625 |
- -

0.900 0.100 f| Support 10 - - -

5 l
1 Instrumentation: 8 1.000 |

- - - -

Switch r

t

1.000 |Electrical Conductors I - - - -

) ;

d Total 926 r

!

I a. Denominator equals tasi component fatlures me intem. j
| I

| b. Component 6 ordered h aging fraams, k

i I.

,

(
; ,

>
|

l

: :
| E 24 ;
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Table E 20. Containment isolation component failure category system fractionsa

Componentsb Total Design Aging Testing Human Other

Valve 451 0.019 0.283 0.026 0.002 0.157 |

1

Valve Operator 354 0.017 0.120 0.030 0.005 0.210 |

I
instrumentation: 32 0.001 0.013 0.021 l

- -

Transmitter l
1

Blower 26 0.010 0.001 0.006- -

Penetration 4 0.004- - - -

Instrumentation: 15 0.002 0.003 0.011- -

Electric Power Supply

Instrumentation: 11 0.001 0.002 6 A- -

Recorder

M otor 4 0.002 0.002- - -

Circuit Breaker 3 0.001 0.002- -- -

Instrumentation: 2 0.001 0.001 i- - -

Controller

Instrumentatio?;: 5 0.001 0 %1 - 0.003-

Computation Module

Pipe 2 0.001 0.001- - -

Relay 8 0.002 0.001 - - 0.005

Support 10 0.010 0.001- - -

Electrical CocJuctor 1 0.001- - - -

Instrumentation: 8 U.009- - - -

Switch

Total 926

a. Denomirtator equals total entem failures.

b. Components ordered by aging fractions.

E 25



.- . ._ _. .

1

1

I
I

Table E 21. High pressure injection system )
.

NSSS: A BABCOCK & WILCOX
C-GENERAL ELECTRIC
E WESTINGHOUSE ,

a

I
'

SYSTEM: A BABCOCK & WILCOX
PCB LETDOWN PURIFICATION AND MAKEUP

'
SFD HIGH PRESSURE INJECTION ,

C. GENERAL ELECTRIC {
' SFB lilGH PRESSURE CORE SPRAY

SFC HIGH PRESSURE COOLANT INJECTION

E. WESTINGHOUSE i

SFK HIGH PRESSURE SAFETY INJECTION |

SFKUHI HIGH PRESSURE SAFETY INJECTION . UPPER HEAD j
SUBSYSTEM j

I COMPONENTS: ACCUMU i
'

CKTBRK
ELECON

,

1 FILTER ,

1 GENERA ,

! HEATER j
HTEXCH; ,

j IBISSW i
,

; ICNTRL
'

! INDREC
INTCPM '

j IPWSUP P

IXMITR l
s

3 MECFUN
!'

MOTOR l
P8PE i

P' IMP ;

!RELAY
] |SUPORT

f*

TURBIN
|VALVE

VALVOP |;

!
l ;

I !

1 ;

I
1

p

; i
I

i

i !
: 1

! !

E 26
1
'

,

. - . _ . - - - - . .. . .
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Table E.22. High pressure injection system totals and fractions

Failure Category Totals

244Design Failures =

493Aging Failures =

173Test and Maintcnance Failures =

$1Human Related Failures =

1068Other Failures =

Total 2029

Failure Category Fractions

0.120Design Fraction =

0.243Aging Fraction =

0.085Test and Maintenance Fraction =

0.025Human Related Fraction =

0.526Other Fraction =

System Effeet Totals

120Loss of System Function =

Degraded System Operation 469=

Loss of Redundancy 178-

Loss of Subsystem / Channel 417
'

=

System Function Unaffected 845 |
=

Total 2029

System Eflect Fractions

Ims of System Function Fraction 0.059=

Degraded System Operation Fraction 0.231=

Loss c.* Redundancy Fraction 0.088=

.
Loss of Subsystem / Channel Fraction 0.206=

! System Function Unaffe:ted Fraction 0.416=

.

I

|

|

|

E-27
|
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Table E 23. High-pressure injection component failure category fractionsa

Componentsb Total Desian Agigg Testina Human Other

Valve 544 0.103 0.430 0.077 0.020 0.359 I
a,

'

Support 84 0.167 0.369 0.024 0.048 0.393

! Pump 103 0.107 0.330 0.097 0.039 0.408

|! Instrumentation: 3 0.333 0.667- --

Electric Power Supply |
|

!0.105 0.105Heat Exchanger 19 0.474 0.3164 -

0.582 || Instrumentation: $$ 0.309 0.109 --

Recorderi '

] !

0.143' Filter 7 0.143 0.286 0.429 -

) Mechanical Function Unit 23 0.087 0.261 0.261 0.391 I-

) Circuit Breaker 74 0.162 0.243 0.095 0.041 0.460
'

Valve Operator 312 0.099 0.218 0.125 0.022 0.535 j

! Reiy 12 0.333 0.167 0.083 0.411-

Instrumentation: 44 0.091 0.159 0.068 0.682-

Controller,
4

,

j Pipe 19 0.105 0.158 0.053 0.053 0.632

Turbine 35 0.143 0.143 0.171 0.029 0.514

Heater 36 0.111 0.111 0.111 0.167 0.500 ,

Instrumentation: 261 0.188 0.111 0.069 0.008 0.625
Transmitter !i

,

instrumentation: 357 0.104 0.064 0.067 0.017 0.748
Sw-itch

Motor 19 0.105 0.053 0.053 0.105 0.644

Electrical Conductor 4 1,000- - - -

1 Generator /Imerter/ Alternator 1 1.000 ;- - - -

0.250 0.750 IAccumulator 4 - - -

Instrumentation: 13 0.077 0.846 ;0.077 --

Computation Module |

j Total 2029 ;

j

a. Denominator equals total component failures per nstem. r

!i

b. Cofnponents ordered by aging fractions.

!
-

i

! :

i E 28 |
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aTable E 24. High pressure injection component failure category tystem fractions
.

Componentsb Ip.tal Design Aging Testing Human Other
'

Wise 544 0.028 0.115 0.021 0.005 0.099
!

Valve Operator 312 0.015 0.034 0.019 0.003 0.082
i

Pump 103 0.005 0.018 0.005 0.002 0.021

Support 84 0.007 0.015 0.001 0.002 0.016
,

Instrumentation: 261 0.024 0.014 0.009 0.001 0.080 '

Transmitter

Instrumentation: 357 0.018 0.011 0.012 0.003 0.132
Switch

Circuit Breaker 74 0.006 0.009 0.003 0.001 0.017

0.0160.008 0.003Instrumentation: $$ --

Recorder
,

0.004 [Mechanical Function Unit 23 0.001 0.003 0.003 -

I

0.015Instrumentation: 44 0.002 0.003 0.001 -

Cc'ntroller

0.001 0.001Heat Exchanger 19 0.004 0.003 -

'

Heater 36 0.002 0.002 0.002 0.003 0.009 ?

,

0.009J Turbine 35 0.002 0.002 0.003 -

0.006Pipe 19 0.001 0.001 - -

'
0.001 0.001Filter 7 - -- .

0.002j Relay 12 0.002 0.001 <- -

0.001j instrumentation: 3 - - - -

i Electric Power Supply
1

1 Generator / Alternator / Inverter 1 |- - - - -

|

0.002Electrical Conductor 4 - - - -
,

1 hiotor 19 0.001 0.001 0.006- -
j

0.001 jAccumulator 4 - - - -

i instrumentation: 13 0.005- - - -

j Computation hlodule
'

! Total 2029

1

i
a. Denominator equals total spiem fadures. |

b. Components ordered h agirg tractions.

!
-

J

!

E 29
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j Table E 26. Low pressure injection system |
a i

t i

NSSS: C-GENERAL ELEC TRIC f
1 SYSTEht: SFA LOW PRESSURE CORE SPRAY I,

> l'
COhtPONENTS: BATTRY-

4 CKTBRK
1 El. ECON I

IBISSW ,

1 ICNTRL !

| INDREC (
IPWSUP i
IXMITR

| MOTOR
t

PIPE -.

1 PUMP !
! RELAY :

', SUPORT ;'

|
VALVE |
VALVOP i3

l !

I ;
8

|

| i

I;

,

!, i
, r

i i

! !

I i

'

< 6

| I
i i

| [
1 6

i !
r
E

, :

I I
i ;

. ;
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Table E 26. Low pressure injection system totals and fractions ;

1 |

| Failure Category Totals |
i f

$7 ra Desig.. rallures =

125 !j Aging Failures =

Test and Maintenance Failures 41 !=

} Human Related Failures 12 !=

223 !j Other Failures =
,

,

j Total 458 I

!

! Failure Category Fractions !
J .f

0.124 iDesign Fraction =

Aging Fraction 0.273 i=

Test and Maintenance Fraction 0.090
'

=

Human Related Fraction 0.026 j=

i Other Fraction 0.487 i=
5

System E,ffeet Totals ;

11 !i Loss of System Function =

62 !j Degraded System Operation =

92 |I loss of Redundancy =

122 [1 Loss of Subsystem / Channel =

! System Function Unaffected 171=

:

I, Total 458 i
1 !

} S) stem Effect Fractions
!

i Loss of System Function Fraction 0.024=

0.135 |
d Degraded System Operation Fraction =

Loss of Redundancy Fraction 0.201
f'

=

loss of Subsystem / Channel Fraction 0.266=

System Function Unaffected Fraction 0.373
|

=

?,

i I
t :

f

i
:

l

!

f
i
1

1

l

| I

l

!

ji e si
i i
'

|



aTable E 27. Low pressure injection component failure category fractions

Componentsb Total Design Aging Testing liuman Other

Electrical Conductor 1 - 1,000 - - -

- - 0.4290.571Pump 21 -

0.500Instrumentation: 2 - 0.500 - -

Electric Power Supply

0.308Motor 13 0.077 0.462 0.154 -

Vah: 102 0.020 0.412 0.098 0.039 0.431

Instrumentation: 8 - 0.375 - - 0.625
Transmitter

Support 54 0.259 0.2% 0.056 0.019 0.370

Circuit Breaker 58 0.103 0.293 0.138 0.052 0.414

Vahe Operator 75 0.120 0.213 0.120 0.027 0.520

Instrumentation: 63 0.048 0.159 0.079 0.032 0.683
Switch

0.545Instrumentation: 11 0.091 0.091 0.273 -

Recorder

llattery 4 - - -- -- 1.000

instrumentation: 8 - - - - 1.000,

Controller

Pipe 20 0 850 - - - 0.150

IRelay IF 0.222 - 0.056 - 0.722

J

Total 458

.

a. Denominator equals total component failures per sprem.

tt Components ordered b aging fracikant

i

I

|

E 32
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a || Table E 28. Low pressure injection component fa6 lure category system fractions
1

1

Componentsb Total Design Aging Testing Human Other !

1 .

'

Valve 102 0.004 0.092 0.022 0.009 0.096 i

! l

d Circuit Breaker 58 0.013 0.037 0.017 0.007 0,052
r

Valve Operator 75 0.020 0.035 0.020 0.004 0.085
3

i
4 Support 54 0.031 0.035 0.007 0.002 0.044 f
a
1

0.020 t0.026: Pump 21 - --

T t
4

i instrumentation: 63 0.007 0.022 0.011 0.004 0.094

) Switch !

l

0.009Motor 13 0.002 0.013 0.004' -

t

0.011 i0.007Instrumentation: 8 - --

Transmitter [
*

4 !

0.002instrumentation: 2 - 0.002 - -
i ,

Electric Power Supply !
3 t

0.013 |j instrumentation: 11 0.002 0.002 0.007 -

- Recorder j

f! Electrical Conductor 1 0.002 - - --

l

0.009 j
" Battery 4 - - - -

! Pipe 20 0.037 0.007- - -

| t

0.028 |Relay 18 0.009 0.002- -
.

1 !

0.017 |i instrumentation: 8 - - - -

| Controller i
'

f !Total 458
1
1

i
a. Denominator equais total spiem failures.!

b. Cornponents ordered tn aging fraaions.
t

,

1
'

i
! f

| |

I l
: i

| t

r
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!

I

li

l !

!

,!1

i |
I Table E 29. Main feedwater system (

|
'

| ,

I NSSS: A BABCOCK & WILCOX
i C GENER AL ELECTRIC
'
,

SYSTEht: A BABCOCK & WILCOX ;

HHA FEEDWATER '

C-GENER AL ELECTRIC !
CHA FEEDWATER '

,

|

I CONIPONENTS: CKTBRK [
FILTER |
HTEXCH L

; IBISSW |
ICNTRL t

4

} INDREC >

l INTCPM
'

i IPWSUP
ISODEV,

'
IXMITR
MECFUN [
MOTOR '

| PIPE !
PUMP :

RELAY f
SUPORT i

! TURBIN [
VALVE i
VALVOP '

)
; ,

}
l;

.i
9

1

j :

i
'

l !
i !

! !
'

!,4

I i
4 i

,

)

! E 34
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|

|

Table E 30. Main feedwater system totals and fractions

T'.iture Category Totals

94Design Failures =

310Aging Failures =

49Test and Maintenance Failures =

6Human Related Failures =

368Other Failures =

Total 827

i Failure Category Fractions

0.114Design Fraction =

0.375Aging Fraction =

0.059Test and Maintenance Fraction =

0.007Human Related Fraction =

0.445Other Fraction =

|

System Effeet Totals

j toss of S) stem Function 9=

153
r' Degraded System Operation =

1021.oss of Redundancy =

loss of Subsystem / Channel 157=

406S) stem Function Unaffected u

Total 827

i
S stem Effect fractions

'

3

leu of System function Fraction 0.011=

I 0.185Degraded System Operation Fraction =

0.123Loss of Redundancy Traction =

! toss of Subs > stem / Channel Traction 0.190=

System function Unaffected Fraction 0.491=

1

i !

l

!
<

I

I

E 35
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1

i

|
Table E 31. Main feedwater component failure category fractionsa!

Componentsb Total Design Aging Testing Human Other

Relay 3 1.000- - - -

Heat Exchanger 21 0.048 0.667 0.048 0.238-

Valve 334 0.108 0.$24 0.042 0.006 0.320 j
|

Instrumentation: 2 0.$00 0.$00- - -

Electric Power Supply
t

0.364 |Instrumentation: 11 0.182 0.455 - -

Switch .

t

I

Pump 49 0.143 0.449 0.102 0.020 0.286

Circuit Breaker 9 0.111 0.444 0.444- -

L
Valse Operator 113 0.071 0.319 0.106 0.018 0.J87 |

fMechanical Function Unit 15 0.067 0.267 0,067 0.600-

fPipe 4 0.$00 0.250 0.250- -

I
instrumentation: 41 0.244 0.024 0.732 i- -

Computation Module !

!
Turbine 26 0.115 0.231 0.077 - 0.577 r

i
Motor 5 0.600 0.200 0.200 i- -

instrumentation: 10 0.200 0.100 0.700- -

Controller

Instrumentation: 82 0.024 0.171 0.049 0.756-

Transmitter
[.

Support $$ 0.491 0.127 0.0$$ 0.018 0.309

Instrumentation: 43 0.023 0.116 0.047 0.814-

Recorder
,

instrumentation: I 1.000-- - - -

Isolation Desice
t

1.000 IFilter 3 - - - -

I
Total 827 {

|
r
(a. Denominator equah total component radores per i tem.

f
d. comno iim e w 8asin,rw ,om.

[

| I
t

I

|

!|

E.36 i|

y
,

:
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1

!

Table E 32. Main feedwater component fa6 lure category system fractionsa

Componentsb Total Design Aging Testing Human Other j

| Valve 334 0.044 0.212 0.017 0.002 0.129

Valve Operator 113 0.010 0.044 0.015 0.002 0.067
1

; Pump 49 0.008 0.027 0.006 0.001 0.017

i
0.006j Heat Eschanger 21 0.001 0.017 0.001 -

0.075instrumentation: 82 0.002 0.017 0.005 -

;

Transmitter4

i

I instrumentation: 41 0.0360.012 0.001 --

; Computation Module
,

) Support 55 0.033 0.008 0.004 0.001 0.021 I

Turbine 26 0.004 0.007 0.002 0.018-

:

! Instrumentation: 43 0.001 0.006 0.002 0.042 f-

!'
Recorder

0.005
'i

; instrumentation: 11 0.002 0.006 - -

Switchj
t

0.005 tCircuit Breaker 9 0.001 0.005 - -

j !

0.011Mechanical Function Unit 15 0.001 0.005 0.001 -
4 -

) |
0.004 iRelay 3 - - --

0.008 l| Instrumentation: 10 0.002 0.001 --

Controller [.

I
0.001) Pipe 4 0.002 0.001 - -

i,1

i Instrumentation: 2 0.001 0.001 '- --

i Electric Power Supply |
!

0.001 i
'

Motor 5 0.004 0.001 - -

>
.

0,001j instrumentation: I - - - -

Isolation Dolce
i

i

fFilter 3 0.004- - - -

1 |

Total 827
1 ;

I

# . Denonutar equis total syt*tm failures, j
|

|

|
b. Cornponents ordered b aging trut. ions.

'

4

4
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r

Table E 33. Reactor building cooling system |
;

;

} NSSS: A BABCOCK & WILCOX [

| SYSTEM: SBB REACTOR BUILDING COOLING [

! COMPONENTS: BLOWER !

| CKTBRK !
HTEXCH"

INDREC |

IXMITR !-

l MOTOR i

| VALVE |

j VALVOP (
1 !
, i
j b

i

!
t

i
!

+

e

i

!

l !
l :

: f

' i
,
)

|

t*

1 h

i
; !

1 [
l

j
,

i
l

fE 38
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| Table E 34. Reactor building cooling system totals and fractions

|
l

Failure Category Totals

! Design Failures 5=

19Aging Failures =

6Test and hiaintenance Failures =

4iluman Related Failures =

31Other Failures =

Total 65

l~ailure Category Fractions

0.077Design Fraction =

0.292Aging Fraction =

0.092Test and hiaintenance Fraction =

0.062Iluman Related Fraction =

0.477Other fraction =

i
i Sy stem Effect Totals

0Loss of S> item Function =

12Degraded Sy stem Operation =

16loss of Redundancy =

21loss of Subsystem / Channel =

16System Function Unaffected =

I Total 65

S) stem Fffect Fractions2

0.NOloss of System Function i raction =

0.183
.i

Degraded S) stem Operation Fraction =

0.246Loss of Redundancy Fraction =

0.323!ms of Subsystem / Channel Fraction =

0.246Sptem i unction Unaffected Fraction =

i

I

!

I
i

.
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Table E 36. Reactor building cooling component failure category fractionse

lComponenti ' Total De.lg Aging Testing fluman Other

Yahe Operalor 2 - 1.000 - - -

Yahe 10 0.200 0.600 0.100 0.100-

,
Motor 11 0.$450.364 0.091- -

4

lltower 7 0.143 0.286 0.286 0.286-

;

Instrumentation: 12 0.250 0.083 0.083 0.583-

Recorder

Circuit Breaker 18 0.111 0.111 0.056 0.056 0.667

Ileat Eschanser 3 1.0C0- - - -

instrumentation: 2 1.0tB- - - -

Transmittet ,

I

'

Total 65

.,

a. LVnominatae eqwalt kval etwnownt failures ret syuem.

b Cornswnst ceJeted b aging tradas e

}

|
4

i

|

1

|

|

|
___ _ _



|

|

|

aTable E 36. Reactor building cooling component failure category system fractions

b Total Design Aging Testing Human OtherComponents

0.015Yahe 10 0.031 0.092 0.0l $ -

0.0920.062 0.0l $Motor 11
--

!

0.046 0.015 0.015 0.108
l Instrumentation: 12 -

Recorder ,

0.031 0.031
( Illower 7 0.Ol $ 0.031 -

Circuit Ilreaker 18 0.031 0.031 0.015 0.015 0.185

0.031Vahe Operator 2 - - -
-

- - - - 0.046lleat Euhanger 3
'

,

instrumentation: 2 0.031- - - -

| Transmitter

Total 65<

,

a De rmmina:0f equals tMal operm failures.

Comramente v deied by agirg frestes.b e

--_

.

I

1

I
;

)

E-41
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TeWe E 37. Roactor coes leoletion coo #ng system
;,

i
NSSS: C GENERAL ELECTRIC [

SYSTEM: CEA REACTOR CORE ISOLATION COOLING

COMPONENTS: CKTBRM [
ELECON '

GENERA *

IBISSW i

ICNTRL l

INDREC |
INTCPM i

IXMITR '

MECFUN
MOTOR
PIPE
PUMP
RELAY t

SUPORT
TURBIN
VALVE
VALVOP

!
'

t

i

:

,

,

i

l $

1
1

| E42
1
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|
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i !

i !

1 l

i I
' Table E 38 Reactoe coes isoletion cooling system totals and fenotions !

[
!Failure Category Totals

= 70Design Failures ,

209i Agins failures =
,

671 Test and Maintenance Failures = ,

i Human Related failures 13=

| Other Failures 415=

Total 774 |
1

1 Failure Category Fractions t

| 0.090j Design Fraction =

0.270Aging Fraction =
s

0.067: Test and Maintenance Fraction =

0.017i Human Related Fraction =

0.$36 >Other Fraction =

f
Sptem Effeet Totals

'

88L.oss of Sptem Function -

184Degraded Sptem Operation =

= 411oss of Redundancy
138Loss of Subsptem/ Channel =

323Sptem Function Unaffected -

! Total 774

Sptem Effect Fractions

0.114l_oss of Sptem Function Fraction =<

| Degraded Sptem Operation Fraction 0.238=

0.0$3 ii toss of Redundancy Fraction =

0.178 IL.oss of Subsptem/ Channel Fraction =

0.417Spiem Function Unaffected Fraction =

l
1 |
\ :

i l

I

I I

! |

I
1

i

i

E 43'

|
.
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i

)
J

; Table E 39. Reactor core isolation cooling component failure category fractiones

! l

Componentsb Total Design gig Testing Human Other
!

|
| Motor 7 0.143 0.371 0.143 0.143 '-

!

| Pipe 2 0 $00 0.$00- - -

i| instrumentation: 10 0.100 0.$00 0.100 0.300-

j Computation Module
1

] Vahe 199 0.060 0.492 0.075 0.020 0.332 ;

0.077 0.462 IInstrumentation 26 0.115 0.346 -

| Recorder

'Support 36 0.0$6 0.278 0.028 0.639-
,

! Vahe Opentor I44 0.090 0.229 0.111 0.007 0.$62
,

)instrumentation: 44 0.045 0.227 0.023 0.023 0.682 :

} Transmitter |
t

Circuit Breaker 34 0.147 0.206 0.0$9 0.588-

i Pump $ 0.200 0,200 0.200 0.400-

i
Instrumentation: 27 0.111 0.185 0.074

*

0.630 !-

Controller

i Mechanical function 17 0.118 0.176 0.059 0.647 |-

| Unit
[

t

|
Turbine 31 0.129 0.161 0.129 0.032 0.548

Relay 10 0.200 0.100 0.)00 0.100 0.300 (
i

instrumrntation: 176 0.065 0.097 0.106 0.017 0.693 [Switch
j

fGenerat?r/Irnerter/ $ I.0004 - - - -

|
Alternator '

-

1.000 |1 ElectricalConductor I - - - -

.

I

) Total 774 i

i

i .. o . ~ .a . w ,,,m u n - 1.s m en ,m ..
|

| s. ca.e-. sca >, ,,, e rrw...

i
-

1 e

l l
: ,

h
i

!

I
; E 44 !
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;

1 |
0

|

|

|aTable E 40. Reactoe coes isolation rooling component fallues categoey system fesotione

|
.

i Componentsb Total Design Aging Testing Human Other |
'

n,

i Yahe 199 0.021 0.127 0.019 0.00$ 0.06$
. s

Valve Operator 144 0.017 0.043 0.021 0.001 0.10$
I

Instrumentation: 176 0.019 0.022 0.025 0.004 0.184 |

|
1 Switch

0.030 *

Support 36 0.003 0.013 0.001 -

! instrumentation: 44 0.003 0.013 0.001 a %) 0.039

; Transmitter r

0.003 0.016instrumentation: 26 0.004 0.012 -

Recorder !
t

0.026 j) Circuit Breaker 34 0.006 0.009 0.003 -

f'
l

0.004
! Instrumentation: 10 0.001 0.006 0.001 - .

j Computation blodule j
,

i
0.022 ;i instrumentation: 27 0.004 0.006 0.003 -

|) Con? toller

) Turbine 31 0.005 0.006 0.005 0.001 0.022 [
1

| hiotor 7 0.001 0.00$ 0.001 0.001 |-

i i

0.014 )I Atechanical Function Unit 17 0.003 0.004 0.001 -

i
-fI Relay 10 0.003 0.001 0.004 0.001 0.004
i

J

0.003 (Pump 5 0.001 0.001 0.001' -

0.001 i0.001Pipe 2 - --

!

0.006
|Generator /imetter/ Alternator $ - - - -

1

0.001j Electrical Conductor 1
-

- - - -

!
i Total 774

) '
a. Denommativ epals total opters fahres.

1
; b. Compoe4mte ordered b aguig fraetmo j

f

i ;

I !

|i

: ;

s >

>
.

I

i iE-45
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2 inble E 41. Meestor protection trip system |'
J !

NSSS: A RABCOCK & WILCOX f-

i C GENERAL ELECTRIC
i E WESTINGHOUSE
)

SYSTEM: A RABCOCK & WILCOXa

I
j

lRB REACTOR PROTECTION
f IBC-(ENGINEERED) SAFETY FEATURE SUBSYSTEM

i C GENERAL ELECTRIC

'!
IBA REACTOR PROTECTION f

IMIAA REACTOR PROTECTION. NEUTRON LEVEL SUBSYSTEM f

} e

E WESTINGHOUSE.

i IBG REACTOR PROTECTION AND LOGIC i
i IBK ENGINEERED SAFEGUARDS ACTUATION (

COMPONENTS: ANNUNC !
CKTBRK |
ELECON !

GENERA [
IRIS $W '

ICNTRL
INDREC<

i
INTCPM

j IP%SUP r
ij ISODEV
iIXMITR 5

RELAY I,

i
|

4 .

f
i
i
i

I
.i

1

1

:
E

1
1

;

i
' E 46
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I

,

!

{
!
.

|
.

|.

ii

| T.bi. us. n we pt.w o n wip .y.wm wwi. .nd ems !
!!

i

j Failure Category Totals |
472 |Design Failures =

829 iI Aging Fallures =

| Test and Maintenance Failures 214=

27Human Reinted failures =

1985Other Failures =

Total 3333
2

Failure Category Fractions |

| Design Fraction 0.134=

0,235 ,Aging Fraction =<

0.061 iTest end Maintenance Fraction =

0,000 lHuman Related Fraction =

0,$62 fOther Fraction =

|
System Effect Totals j

i
= 6 ;12ss of S) stem function

$98 ;Degraded System Operation =

603 !1.oss of Redundancy =

1384 }Loss of Subsystem / Channel =

94) [l Sptem function Unaffected =
t

Total 3333 !

l i

Sptem Effeet Fractions j

0.002 |
|

Loss of Sptem Function Fraction =
'0,169Degraded Splem Operation Fraction =

|0,171loss of Redundancy Fraction =

0.392
) Loss of Subsptem/ Channel Traction '=

0.267
]

Sptem l' unction Unaf fected Fraction =

i<

l |

1 i;
)

I i

i !,j

!

i

1 E47
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Table E-43. Moactor protection trip comp <.nant failure category fractionsa

Componentsb Total Design Aging Testing Human Other

Instrumentation: 31 0.032 0.387 - - 0.581
Isolation Device

Annunciator 3 0.333 0.333 - - 0.333

Gene;ator/ Alternator / 16 0.250 0.312 0.125 - 0.312
Imerter <

Circuit Breaker 46 0.087 0.283 0.087 - 0.543
;

instrument.ation: 918 0.062 0.281 0.035 0.009 0.613 I

Computation Module

Instrumentation: 214 0.121 0.271 0.061 0.005 0.542
Recorder

I Relay 377 0.265 0.255 0.029 0.016 0.435
,

Instrumentation: 268 0.071 0.254 0.060 - 0.616
Electric Power Supply

,

Instrumentation: 207 0.092 0.237 0.053 - 0.618
Controller

instrumentatfor.: 513 0.' 13 0.187 0.062 0.010 0.4684

Switch

Instramentation: 928 0.108 0.184 0.098 0.008 0.5 %
Transmitter

Electrical Conductor 12 0.083 0.167 v.167 0.583-

Total 3533
-

.

!

a. Det.ominator equals total component failures per s,st'm.

b. Components ordered by aging frartions.

4

;

I

,

4
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aTable E-44. Reactor protection trip component failure category system fractions
,

-

b Total Design Aging Testing Human OtherComponents

Instrumentation: 918 0.016 0.073 0.009 0.002 0.159

Computation Module

Instrumentation: 928 0.0~ 3 0.048 0.026 0.002 0.157

Transmitter

Relay 377 0.028 0.027 0.003 0.002 0.046

Instrumentation: 513 0.040 0.027 0.009 0.001 0.068

Switch

0.N7Instrumentation: 268 0.005 0.019 0.005 -

Electric Power Supply

0.033instrumentatic'1: 214 0.007 0.016 0.ON -

Recorder

0.036instrumentation: 207 0.005 0.014 0.003 -'

iController

0.007Circuit Breaker 46 0.001 0.ON 0.001 -

;

0.005Instrumentation: 31 - 0.003 - -

Isolation Device

0.001Generator / Alternator / Inverter 16 0.001 0.001 0.001 -

i

0.0020.001 0.001Electrical Conductor 12 --

Annu:.ciato; 3 - - - - -

Total 3533

)
.

s. Denominator equals total system failures.
I

'

b. Components ordered by aging fractions.

|

1

;

1

1

!
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1

i
d
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Table E 46. Reactor coolant s / stem

NSSS: A BABCOCK & WILCOX
C GENERAL ELECTRIC

SYSTEhf; A BABCOCK & WILCOX
CBD REACTOR COOLANT

C GENERAL ELECTRIC
CBA REACTOR REClRCULATION

t

COMPONENTS: CKTBRK
ELECON
GENERA
HTEXCH
IBISSW
ICNTRL

j INDREC
INTCPM
IPWSUP
IXMITR,

MECFUN
MOTOR4

PlPE
PUMP
RELAY
SUPORT
TRANSF
VALVE
VALVOP
VESSEL

!

i

i

i
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Table E 46. Reactor coolant system totals and fractions ,

.

i

!
Failure Category Totals [

138Design Failures =

290Aging Failures =

$3Test and Maintenance Failures =

14Human Related Failures =
;

$17
'

Other Failures =

!
.,

Total 1012 ;
'

i

Failure Category Fractions i

s t

0.136 tDesign Fraction =

0.287 IAging Fraction' =

0.0521 Test and Maintenance Fraction =

! Human Related Fraction 0.014=

0.511 iOther Fraction =

a

j System Effect Totals

9Loss of System Function* =

222 !Degraded System Operation =

121 !Loss of Redundancy =
<

248Luss of Subsystem / Channel i=

412 iSystem Function Unaffectedi =
;

Total 1012

System Effect Fractions j
,

0.009 jloss of System Function Fraction =

0.219 /* !i Degraded System Operation Fraction =

0.120I Loss of Redundancy Fraction = ,

'0.245loss of Subsystem / Channel Fraction =

0.407 {System Function Unaffected Fraction =
;
1 ;

l i
ij

i

4

!

i

|
<

l

I

!

|
t

I

l
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Table E 47. Hesctor coolant componelt failure category fractionsa

Componentsb Total Design Aging Testing Human Otbr

Transformer 1 - 1.000 -~ - -

i instrumentation: 3 - 0.667 - - 0.333
Electric Power Supply

Heat Exchanger 53 0.094 0.566 0.075 0.264-

0.450 !
1 Mechanical Function Unit 20 0.050 0.500 - -

'

l

Valve 118 0.102 0.492 0.034 0.017 0.356
t'

Vessel 12 0.167 0.417 - - 0.417
,

i Circuit Breaker 26 0.036 0.393 0.036 0.536-

i

Generator / Alternator / Inverter 47 0.043 0.319 0.1% 0.021 0.511i

Pump 93 0.258 0.312 0.054 0.022 0.355

| Support 87 0.425 0.299 0.011 0.046 0.218

Pipe 35 0.400 0.286 - - 0.314

Motor 26 0.192 0.269 0.192 - 0.346
|-

Instrumentation: 103 0.019 0.262 0.087 0.010 0.621 i

Recorder

Valve Operator 92 0.098 0.261 0.087 0.011 0.543 :
'

Relay 16 0.125 0.250 0.125 - 0.500

instrumentation: 26 0.077 0.154 0.115 0.654 *
-

Controller

instrumentation: 81 0.160 0.148 - 0.012 0.679 -

Switch !

1

instrumentation: 45 0.044 0.133 0.822- -

Computation Module

instrumentation: 123 0.041 0.073 0.049 0.016 0.821
Transmitter; |

Electrical Conductor 3 1.000 i- - - -

2 Total 1012 >

i

a. Denominator equals total component faileres ret syuem, f

b. Components ordered by aging fractions. i

|-

,

,

.a

h

I

i E 52
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Table E 48. Reactor cooling component failure category system fractions

Componentsb Total Design Aging Testing Huma, Other

Valve 118 0.012 0.057 0.004 0.002 0.042

Heat Exchanger 53 0.005 0.030 0.004 - 0.014

Pump 93 0.024 0.029 0.005 0.002 0.033

Instrumentation: 103 0.002 0.027 0.009 0.001 0.063

Recorder

Support 87 0.037 0.026 0.001 0.004 0.019
,

Valve Operator 92 0.009 0.024 0.008 0.001 0.049

Generator / Alternator / Inverter 47 0.002 0.015 0.005 0.001 0.024

Instrumentation: 81 0.013 0.012 - 0.001 0.054
Switch

0.015Circuit Breaker 28 0.001 0.011 0.001 -

- - 0.01IPipe 35 0.014 0.010

- - 0.009hfechanical Functica Unit 20 0.001 0.010

Instrumentation: 123 0.005 0.009 0.006 0.002 0.100
Transmitter

51otor 26 0.005 0.007 0.005 - 0.009

0.037Instrumentation: 45 0.002 0.006 - -

Computation hiodule

0.005Vessel 12 0.002 0.005 - -

0.008Relay 16 0.002 0.004 0.002 -

0.017Instrumentation: 26 0.002 0.004 0.003 -

Controller

3.0010.002Instrumentation: 3 - --

|Electric Power Supply

0.001Transformer 1 - - --

0.003
J Electrical Conductor 3 - - - -

Total 1012

s. Denominator equalt total sptem fadures.

b. Components ordered by mains fractions.
'

.

Y

; E 53
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Table E-49. Residual heat removal system
_

NSSS: A BABCOCK & WILCOX
C GENERAL ELECTRIC
E WESTINGHOUSE

SYSTEht: A BABCOCK & WILCOX
.! CFC DECAY HEAT REMOVAL / LOW PRESSURE INJECTION

C. GENERAL ELECTRIC;

CFA RESIDUAL HEAT REhtOVAL/ LOW PRESSURE INJECTION r

E WESTINGHOU3E
CFF RESIDUAL HEAT REh! OVAL / LOW PRESSURE INJECTION

COhlPONENTS: ACCUh1U
ANNUNC
CKTBRK,

ELECON
HEATER
HTEXCH |

IBISSW
ICNTRL

t

INDREC
INTCPhi
IPWSUP -

ISODEV
IXNilTR
h!OTOR
PIPE
PUhtP
RELAY
SUPORT
VALVE

|i
VALVOP

1

r

,

s

i

|

i
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Table E 50. Residual heat rom.mI system totals and fractions

Failure Category Totals [
|

216 |Design Failures =

531| Aging Failures = ,

142 iTest and Maintenance Failures =

29 jHuman Related Failures =

1050! Other Failures =

Total 1968

Failure Category Fractions
i

0.110Design Fraction =

0.270 |Aging Fraction =

0.072 !Test and Maintenance Fraction
' =

0.015 LHuman Related Fraction =

0.534 sOther Fraction =

System Effect Totals6

14 iLoss of System Function =

311 !Degraded System Operation =

303Loss of Redundancy =

470Loss of Subsystem / Channel =
,

870System Function Unaffected =

i

Total 1968

I
System Effeet Fractions

,

|
0.007 !Loss of System Function Fraction =

1

0.158I Degraded System Operation Fraction =

0.154j less of Redundancy Fraction =

0.239Loss of Subsystem / Channel Fraction =

0.442System Function Unaffected Fraction =

I
i

!

.

j

C 55
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Table E 61. Residual heat removal component failure category fractionsa

Componentsb Total Design Aging Testinj Human Other

Annunciator 1 - 1.000 - - -

Instrumentation: 4 - 1.000 - - -

Isolation Device

Heat Exchanger 39 0.103 0.538 0.026 0.333-

Valve 484 0.079 0.492 0.058 0.012 0.360

Pump 86 0.093 0.465 0.070 0.035 0.337 j

Instrumentation: 11 0.273 - - 0.727-

Electric Powei Supply |

Instrumentation: 27 0.037 0.259 0.037 0.667-

Computation I.lodule

Instrumentation: 24 0.083 0.250 0.083 0.583-

Controller

Circuit Breaker 99 0.152 0.242 0.091 0.515-

Motor 21 0.190 0.238 0.048 0.524-

Valve Operator 446 0.096 0.215 0.096 0.025 0.567

Relay 27 0.074 0.185 0.111 0.630-

Instrumentation: 78 0.051 0.167 0.064 - 0.718
Recorder

:

Instrumentation: 182 0.099 0.121 0.099 0.011 0.670 l

Transmitter

Instrumentation: 203 0.099 0.118 0.059 0.015 0.709
"

Switch

Support 202 0.223 0.109 0.059 0.020 0.589

Heater 12 0.083 0.917- - -
,

Accumulator 5 0.200 0.800< - - -

.

Electrical Conductor 3 0.333 0.667- - -

i Pipe 14 0.714 0.286- - -

i i
j Total 1%8 '

l l
a. Denominatoe equals total component failures per splem, r

I b. Components ordered by aging fracions.

! '
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aTable E 52. Residual heat removal component failure category system fractions

Componentsb Total Design Aging Testing Human Other i

Elve 484 0.019 0.121 0.014 0.003 0.088

I Valve Operator 446 0.022 0.049 0.022 0.006 0.129 '

Pump 86 0.004 0.020 0.003 0.002 0.015 !

:

Circuit Breaker 99 0.008 0.012 0.005 - 0.026
,

Instrumentation: 203 0.010 0.012 0.006 0.002 0.073
Switch

Support 202 0.023 0.011 0.006 0.002 0.060

0.007Heat Exchanger 39 0.002 0.011 0.001 -

Instrumentation: 182 0.009 0.011 0.009 0.001 0.062
Transmitter

0.028instrumentation: 78 0.002 0.007 0.003 -

Recorder

0.009Instrumentation: 27 0.001 0.004 0.001 -

! Computation Module

? Motor 21 0.002 0.003 0.001 0.006-

;

instrumentation: 24 0.001 0.003 0.001 - 0.007
Controller

Relay 27 0.001 0.003 0.002 0.009-

Instrumentation: 4 - 0.002 - - -

Isolation Device

0.004Instrumentation: 11 0.002 - --

1 Electric Power Supply ,

1 ,

Annunciator 1 0.001 - - --

0.002 ;Accumulator 5 0.001 - - -

0.006Heater 12 0.001 - - -

0.001 0.001Electrical Conductor 3 -- -

0.002Pipe 14 0.005 - - -

Total 1%8

a. Denominstor equals total system failures.
1

j b. Components ordered by aging fractions.

1

.
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Table E 53. Service water system

NSSS: A BABCOCK & WILCOX
C. GENERAL ELECTRIC
E WESTINGHOUSE

SYSTEM: A BABCOCK & WILCOX
WAB LOW PRESSURE SERVICE WATER

C GENERAL ELECTRIC
WAA ESSENTIAL SERVICE WATER

E WESTINGHOUSE
WAD-NUCLEAR SERVICE WATER

COh!PONENTS: CKTBRK
ELECON
FILTER
IBISSW
ICNTRL
INDREC
INTCPhi
IPWSUP
IXh!!TR
hf0 TOR
PIPE
PUh1P
RELAY
SUPORT
VALVE
VALVOP f

_

b

8

,

.

!

)

d

r

! E 58
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Table E 14. Service water system totals and fractions
,

t

'

]
Failure Category Totals [

p.

88 iDesign Failures =
,

$70 [i Aging Failures =

83 rTest and Maintenance Failures' =

i Human Related Failures 16 i=

$15Other Failures =
,

r

| Total 1272 .

j t

Failure Category Fractionsi

,
,

! Design Fraction 0.069 i=

0.448Aging Fraction = ,

*

Test and Maintenance Fraction 0.065=

i Human Related Fraction 0.013 '=

0.405Other Fraction =

i System Effeet Totals

; Loss of System Function 3 :=

Degraded System Operation 216 t=.

j Loss of Redundancy 233 ;=

435 ;l_oss of Subsystem / Channel =

System Function Unaffected 385=

Total 1272 .

3 I

j System Effect Fractions L
'

,

i Loss of System Function Fraction 0.002 ',=

Degraded System Operation Fraction 0.170=
4 ;

Loss of Redundancy Fraction 0.183 i=

. Loss of Subsystem / Channel Fraction 0.342=
'

Syvem Function Unaffected Fraction 0.303 {=

;

|

|

!
;

|

i

!

,

!
,

E.59
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Table E 56. Service water system failure category fractionsa
!

Componentsb Total Design, ging Testing Human Other

instrumentation: 2 - 1.000 -- - -
,

Electric Power Supply

0.286 !Filter 98 0.102 0.571 0.041 -

0.310Pump 248 0.044 0.569 0.077 -

0.389 i0.556 0.056Pipe 18 --

!
Valve 362 0.066 0.555 0.039 0.025 0.315

) Instrumentation: 17 0.059 0.529 0.118 0.294 !--

Controller 7<

i i

hiotor 64 0.078 0.391 0.016 0.016 0.500 |

Circuit Breaker 48 0.062 0.354 0.083 0.042 0.458 n

|Valve Operator 307 0.072 0.293 0.117 0.013 0.505

Instrumentation: 38 0.079 0.263 0.026 - 0.632 |
Switch ;

t

0.727 iInstrumentation: 22 0.G45 0.227 - -
.

"
! Recorder

r
! Instru. mentation: 27 0.037 0.111 0.037 0.815 |-

Transmitter
i
j Support 10 0.300 0.100 0.600- -

t
! Relay 5 0.600 0.400 |

- - -

|
Electrical conductor 4 0.250 0.750- - -

!,

'

Instrumentation: 2 1.000- - - -

Computation hfodule
,

Total 1272

a. Denominator equals total component failures per optem.

b. Components ordered by aging fractions.

,!

i
9

4

E.60
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Table E 56. S2rvice water component failure category system fractionsa

Componentsb Total Design Aging Testing Human Other
_

Valve 362 0.019 0.158 0.011 0.007 0.090

0.061Pump 248 0.009 0.111 0.015 -

Valve Operator 307 0.017 0.071 0.028 0.003 0.122

0.022Filter 98 0.008 0.044 0.003 -

|

Nfotor 64 0.004 0.020 0.001 0.001 0.025

Circuit Breaker 48 0.002 0.013 0.003 0.002 0.017

0.0060.008 0.001Pipe 18 --

0.019Instrumentation: 38 0.002 0.008 0.001 -

Switch ,

Instrumentation: 17 0.001 0.007 0.002 - 0.004

: Controller
!

Instrumentation: 22 0.001 0.004 - - 0.013
Recorder

I instrumentation: 27 0.001 0.002 0.001 0.017-

Transmitter
:

|Instrumentation: 2 0.002- - - -

Electric Power Supply'

|
Support 10 0.002 0.001 0.005- -

,

Relay 5 0.002 0.002- - -
,

; Instrumentation: 2 0.002 i- - - -

Computation hfodule,

.i Electrical Conductor 4 0.001 0.002- - -

.)

Total 1272

(

a. Denominatoe equals tout system failures.
I

}

j b. Components ordered by aging fractions.

3

i

i

I

i
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Table E 57. Standby liquid control system

i

NSSS: C GENERAL ELECTRIC [

SYSTEM: PCA STANDBY LIQUID CONTROL

r COMPONENTS. ACCUMU
CKTBRK,

: HEATER
IBISSW
ICNTRL I

INDREC
IPWSUP
IXMITR ;

PUMP ||
RELAY t

SUPORT
VALVE
VALVOP

,
,

t
,

!

l i

i |
4 :

; I
;

J
V J
n i

j.

;

!

u

!
? .

i i
i

!
'

I

i
!
!

I
'

,

! !

| E 62 i
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Table E 58. Standby liquid control system totals and fractions |
|

1

; Failure Category Totals ;

'
Design Failures 10=

Aging Failures 49 !=

Test and Maintenance Failures
'

10 '-=

Human Related Failures 1=
,

103Other Failures '=
'

i

| Total 173
L
1

Failure Category Fractions
,

l Design Fraction 0.058=

j Aging Fraction 0.283 ;=

; Test and Maintenance Fraction 0.058 ;=

i Human Related Fraction 0.006=

Other Fraction 0.595=

System Effect Totals1

; less of System Function 0=

Degraded System Operation 39- =

less of Redundancy 24=

! Loss of Subsystem / Channel 34=

j System Function Unaffected 76=

j Total 173

System Effeet Fractions
],

i

J Loss of System Function Fraction 0.000=

Degraded System Operation Fraction 0.225=

less of Redundancy Fraction 0,139=.

| Loss of Subsystem / Channel Fraction 0.197=

| System Function Unaffected Fraction 0.439=

!
~

;

i

!
!

1

1
i
!
,

i

|
1

'

!
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aTable E 60. Standby liquid control component failure category fractions ;

!

Componentsb Total Design g Testing Human Other
i

d 0.316Pump 19 0.053 0.632 - -

'

,

d

0.5000.500Relay 2 - --

0.417j Accumulator 12 0.083 0.333 0.167 -
3

I Instrumentation: 17 0.118 0.294 0.588- -

-| Transmitter f

0.7140.286Instrumentation: 14 - --

Recorder [
,

,

0.750 jInstrumentation: 4 - 0.250 - -

Electric Power Supply |.

,

0.591Valve 66 0.076 0.242 0.091 -

0.6000.200 0.200Instrumentation: 5 --

Controller ,

0.7000.200 0.100Heater 10 --

e

'

0.8330.167Support 6 - --

'

0.857l Instrumentation: 14 0.143 - --

Switch

0.500 0.500Circuit Breaker 2 t- - -

0.500 !I Valve Operator 2 0.500 - - -

! i

} Total 173 |
t i

!
1

.

a. Denominator equals total component failures per intem.

1 ,

| b. Compenents ordered by aging fractions, ;

!

I,

d |

i ',
.

1

!
l |
1 I

i

1

1

1,

| E.64
i
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aTable E 60. Standby liquid control component failure category system fractions

(
i,

Componentsb Total Design Aging Testing Human Other |j

' Valve 66 0.029 0.092 0.035 0.225-

i I

'
0.035 !Pump '9 0.006 0.069 - -

,

) ;

I Instrumentation: 17 0.012 0.029 i0.058- -

| Transmitter
i i

; instrumentation: 14 - 0.023 0.058 !- -

! Recorder
\.

1 Accumulator 12 0.006 0.023 0.012 0.029-

L
'

0.012 0.006j Heater 10 0.040- -
,

'

4 Instrumentation: 14 0.012 - - 0.069-

Switch i
:

0.017 IInstrumentation: $ 0.006 0.006- -

Controller !
[.

Instrumentation: 4 0.006 - - 0.017-

Electric Power Supply ;
|a

Relay 2 0.006 0.006 |
- - -

|

0.029 [f Support 6 0.006- - -

] t

Circuit Breaker 2 0.006 0.006 |
' - - -

L

0.006 !Vahe Operator 2 0.006 - - -

i

k

|
Total 173

1

.; a. Denominator equals total system fr 'ures. .

1

b. Components ordered by aging fractions. f'

!
-

.,

'|

l*

3 ;

2 l

>

|

r

j l
'

l
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APPENDIX F ;

i

REPORTED FAILURE CAUSE DATA SUMMARIES
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APPENDlX F
|

REPORTED FAILURE CAUSE DATA SUMMARIES
,

Specific vendors and plant identifications are rized as unc/cu(fiab/c. Tables F-4 through F 56
maintained in the data base created during this show the number of failure causes, the failure-

,
'

study. To preserve the proprietary nature of the cause fractions, the upper bound failure-cause frac- ,

i
data and yet obtain acceptable data populations, tion, and the lower-bound failure-cause fraction for

,

i the failure-cause data presented in this report are each failure mode of each component hasing five j

j system specific. Thbles F 1 and F 3 summarize the or more failure counts, excluding the unclassified (

failure-cause data. Table F 1 lists components hav- causes. The failure causes are presented in alpha. !'

|
ing five or more failure counts. nd Table F 2115ts betical order in the tables. Table F 57 summarizes |

',
those with less than five failure counts. Table F 3 the failure records by system effect, excluding the
summarizes the failure records that were catego- unclassifiable failure records. ,

|

l,

i '

|
4 i

i

l

i

, f
I h
I i

1

<

.

1

4

I

:
i

I

J

I

l

F-)

!
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I

taste F-l. SUMMAaf CF DATA ANALYIED DURInG THE FAILURE CAUSE IDENTIFICATION AMLY515a

Failure
b Nde cSystem Components Failure Nde Code Counts

A4=tttary Feed =ater System Check Valve Esternal Leakage EL 13
Fatis to Open GF0 3
Failure to Operate as Regstred ER 8
Internal Leakage GIL 66

Ctecult Breaker. AC Falls to Close EC I
Falls to Operate WP 7

Flow Controller Erroneous / Erratic 21gnals GEE 8
Fatts to Operate GFP 11

Flow Control Recorder Erroneous / Erratic Signals GEE 9
Falls to Operate GFP 1

Flow Transmitter Erroneous / Erratic Signals EE 25
l' alls to Operate GFP 2

Hand Control Valve Eaternal Leakage GEL 6
Falls to Case GFC 5
Falls to Open GF0 1

Failure to Operate as Regatred GFR 3
m Internal Leakage GIL 1

L
Level Control Erroneous / Erratic Signals GEE 7

Falls to Operate GFP 11

Level Control Inticator Erroneous / Erratic signals GEE 7
i

| Falls to Operate GFP 13
1

Motor-Oriven Pump External Leakage EL 14
Falls to Run GFU 33
Falls to Start GF5 16

N tor-Operated Valve External Leakage GEL 1

Falls to Close GFC 14
Falls to Open GF0 11
Fatts to Open/ Falls to Close GOC 9
Fatture to Operate as Required GFR 8

Pneumatic-Operated Valve External Leakage GEL 8
Falls to Close GFC 49
Fatts to Open GF0 20
Falls to Open/ Falls to Close GOC 13
Fallure to Operate as Required GFR 10

Pressure Control Erroneous / Erratic 54gnals GEE 5
Fa115 to Operate GFP 2

_ _ _ _ _ _ . - - _ _ _ , _ _ _ . _ . _ _ _ . _ - . _. - . _ - . - ,. _ _ - - - _ _ . -. - -__ _ . - . ,- - - , . . _ _ . . _ - . . _ - - - . __. __ _ __ _ _-.
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TASLE F-1. (continued)

Fat ture
Mode cb

Sgtee Components Failure Mode Code Counts

Austitary Feed ater System (continued) Pressure $=ttch Erroneous / Erratic Signals GEE 12
Fatis to Operate GTP 9

Pressure Transmitter Erroneous /Errat6c Signals GEE 14
Fa1~.. to Operate GFP 3

Relay Fatis to Open E0 2
Fatts to Operate GFP 7

Short Clicutt GSM 3

Reitef Valve Fatts to Close GFC 1

Opens (Premature) G50 6

Snubber Loss of Function CLF 7

Support Loss of Function Ge.F 5

Turbine-Ortwen Pump Enternal Leakage GEL 6
Fatts to Run GFU 39
Falls to Start GF5 13

Cheetcal and Volume Control Systee Circuit Sreaker. AC Fatts to Operate EP 5
7
m

Heat Tractag Heater Loss of Function GLF 9

Level Control Erroneous /ErrattC Signals GEE 7

Level Transattter Erroneous / Erratic Signals GEE 17
Falls to Operate GFP 2

Motor-Driven Pump Enternal Leakage GEL 7

Falls to Run GFU 21

Fatis to Start US 1

Motor Operated Valve External Leakage GEL 9
Falls to Close GFC 22
Falls to Open GF0 3
Falls to Open/ Falls to Close GOC 8
Failure to Operate as Required GFR 2
Internal Leakage GIL 2

Class IE Electrical Po-er Distributtaa System

DC Po-er Subsystee Battery Loss of Function GLF 10

8attery Charger Loss of Function. GLF 35

Energency On-site Po-er supply subsystem Circuit Breaker. AC Fatts to Operate GFP 5

I Olesel Generator Falls to Run GFU 43

Fatis to Start GF5 21

l No Failure GmF 49

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - __ __ _- _-_. - _ - . - - = . _ - - . _ . _ . -. . -
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| TASLE F-1. (continues)

Failure
b Mod- cSystem Componcats Fatture Mode Code Counts

Class IE Electrical Power Distritetton System (continued)

lastr e tation & untaterruptttile Circutt Breaker, AC Fatis to Operate GFP $
Power Supply Subsystem

Inverter Loss of Function GLF 63

High Pressure Injection Systee Check Valve Enternal Leskage GEL 3
Internal Leakage GIL 15

Circutt Breaker AC Fatts to Operate GFP 11

Flow Transmitter Erroneous / Erratic Signals GEE 14
Fatis to Operate GFP 3

Hand Control Valve External Leakage GEL 4
Fatis to Close GFC 2
Fatis to Open GF0 l
Falls to Open/ Fat 1s to Close GOC 1

Faflure to Operate as Required GFR 4

Heat Tracing Heater Loss of Function GLF 21m
i> Level Transmitter Erroneous / Erratic signals GEE 21

Load Sequence Controller Erroneous / Erratic Signals GEE 2
Fatis to Operate GFP 8

Motor-Driven Pump E6 mal ' eakage GEL 2
Fr;$ to Run GFU 11
* ris to Start GFS 4

Motor-Operated Valve Enternal Leakage GEL 7
Fa11s to Close GFC 20
Fatts to Open GF0 12
Fatts to Open/ Falls to Close GOC 24
Fatlure to Operate as Required GFR 7

Pneumatic-Operated Valve Enternal Leakage GEL 1

Falls to Close GFC 5
Fat 15 to Open GTO 1

Fatis to Open/ Falls to Close GOC 2
Internal Leakage GIL I

Pressure Transmitter Erroneous / Erratic Slgaals GEE 6

Relief Valve Fails to Close GFC 5
Fatis to Open GF0 9
Opens (Premature) GSO 4

Snubber Loss of Function GLF 10

_ _ . _ _ _ - - - - _ - _
_ _ - _ _ _ _ _ _ _ _ _ - _ - _ - . - _ - _ _ _ _
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TAELE F-1. (conttaued)
.

Failure
Mode cb

System Components fatture seode Code Counts

Service Watee System Check Valve Esternal Leakage GEL 2 >

Fatis to Open GF0 4
Internal Ledage GIL 25

Circuit Breaker. AC Fatis to Operate GFP 11

Opens (Premature) G50 6

Flow Indicator Erroneousnrratic Signals GEE 1

Falls to Operate GFP 4

Flow Switch Erroneous grratic Signals EE 16

Hand Control Valve Enternal Ledage GEL 2
Falls to Close GFC 7
Falls to Open GF0 1

Falls to Open # alls to Close GCC 1

Failure to operate as negatred GFR 6

Motor-Driven Pump Enternal Leakage EL 64
Falls to Rua GFU 89
Falls to Start GF5 14

7
4 Motor-Operated Valve Enternal Leakage GEL F i

'
Fatts to Close GFC 43
Falls to Open GF0 27
Fatts to OpenNatts to Close GOC 17
Failure to Operate as Regstred GFR 17

Pnuematic-Operated valve Enternal Leekage GEL 5

Falls to Close GFC 15
Fatts to Open GF0 9
Falls to OpenNatts to Close GOC 5
Fatture to Operate as Aegstred GFR 13 .

Pressure Indicator ErreneemsArratic Signals EE 5
Fatts to Operate GFP 1

Strainer Loss of Function GLF 13
Plugged GPL 8

4. See Table F-3 for summary of data categortred as enciassifiable.
1

b. See Tatie F-2 for those components hastag less than 5 counts.

c. Total =. aunts: 1573.

. .- -_ --.- - - --..-....-._ .-- .... -. - . - . . - _ _ - - - . - - - . - - . , . . . . _ . -- . . . . . - - - - . - . - - . - . . .
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TABLE F-2. $JmA27 0F C390mESTS HAvinG LESS THAa 5 C0cmT5 EACM8

Failure
Mode bSystee Components Failure Mode Code Counts

Aust1tary Feed ater Systes M tator Erroneous / Erratic Signals GEE 1

Controller Parameter not Falls to Operate EP 1
spec 1 fled

Current Indicating Controller Erroneous / Erratic Signals GEE 1

Otfferential Pressure Erroneous / Erratic Signals EE 3Controller
i

Falls to Operate GFP 1
,

|

| Differential Pressure Erroneous / Erratic Signals EE 3I Transattter

Fatts to Operate GFP 1

Electically Operated Falls to Close GFC I
(Solenot2) Valve

| Fatts to Open GF0 1

Fatts to Open/Fatts to Close GOC 1m
im

Plugged GPL 1

Flow Indicating Controller Erroneous / Erratic Signals GEE 2

Flow Indicating Settch Erroneous / Erratic Signals GEE I

Flow Switch Falls to Operate Gr P 2

Hand Switch Falls to Operate GFP 4

Hydraulic Valve Failure to Operate as Required GFR 2

Falls to Open/ Falls to Close GOC 1

Level Control Recorder Fatis to Operate GFP 1

Level Recorder Erroneous / Erratic Signals GEE 1

Level Settch Fatis to Operate WP 1

Level Transmitter Erroneous / Erratic signals GEE 4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _, _,_ _ _ _ _ . _ _ . _ _ , _ . - . ._ __ _ _ _ _ _ _ _ _ _ _ _ _
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TAatt F-2. (continues)

Failure
mode b

$vstre
_

Components Faiture mode Code Counts

Ausillary Fee 1 water Systre (coattaued) Pipe Plugged GPL 2

| Rupture GRu 2'

| Pressure Control Recorder Erroneous /ErratlC Signals GEE 2

speed Controller Falls to Operate GTP 1

5=ttch (parameter not Fatts to Operate GFP 2
spectfned)

Chemical and volume Centrol System Checit valve Internal Leakage GIL I

Flow Transmitter Erroneous / Erratic Signals GEE 1

Hand Control valve Enternal Leakage GEL 2

l Level Control Recorder Erroneous / Erratic Signals GEE I

Level Switch Erroneous / Erratic signals GEE 1

Mechanical valve Falls to Close GFC 3

?
e Pneumatic-Operated Valve Enternal Leakage GEL 1

Fatis to Close GFC 1

Pressure Switch Falls to Operate GTP 1

Reitef Valve Opens (Premature) G50 1

Temperature Switch Erroneous / Erratic !tgnals GEE 4

Class IE Electrical P:,.ee Distrhttoa Systee

| OC Po=*r 54syste. Circuit Breaker. AC Falls to operate GFP 1

|
Emerveacy On-5tte Po.er Supply $ctsystes Tenperature ladicator Erroneous / Erratic Signals GEE 1

ftmer Erroneous / Erratic Signals GEE I

tom-Voltage Po=cr knly LSsystee Sus Loss of Fuection GLF 1

Circuit Sreaker. AC Falls to operate GTP 3

Relay Falls to Operate GTP 2

Short Circuit GSM 1

_ _ _ . _ . _ _ . . _ _ _ __ _ _ _ _ _ _ _ _ _ _ . . . . _ . __.--- - ._ __ _ _ , _
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TASLE F-2. (contimurd)

Failure
Mode bSystem Comoonents Fatlure Mode Code Counts

Class it tiectrical Powe Distribution System (coatinves)

Pedtwo-voltage Powr supP y Sasystem Cable Loss of Function GLF 1
l

Circuit 6reaker. AC Falls to Operate GFP 3

Opens (Premature) G50 1

Transformer Loss of Function GLF 4

Magm Pressure Injection System Current Switch Erroneous grratic Signals GEE 1

Flow Modifter ErroneousA rratic Signals GEE I

Hydraulic Valve Enternal Leakage GEL 1

Falls to Close GFC 1

Falls to Open GF0 2

Mechanical valve Fatis to Close GFC 19
*

Orifice aupture Gau 1o

Pipe Rupture GRU 4

Pressure Control Recorder ErroneousA rratic Stgaals GEE 2

Pressure Controller Erroneous g rratic Signals GEE 1

Pressure Modif6er Erros.cousArratic Signals GEE 1

Pressure Switch Fatis to Operate GFP 1

Service water Systse DC Overcurrent Relay Falls to Operate GFP 1

Otfferential Pressure Erroneousnrratic Signals GEE 4
Indicating ', witch

Differential Pressure ErroneousArratic 51gnals GEE I
Control Recorder

Falls to Operate GFP 1

Electric Po=er Supply Loss of Function GLF 1

Flow Modif ter Erroneousgrratic signals GEE 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _
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TAELE F-2. (cont 6murd)

Falture
Mode b

Systee Components Failure Mode Code Counts

Service mater System (cent 6aued) Level Switcti Error.cousA rratic Signals GEE 1

Level Transmitter Falls to Operate EP 1

Motor Falls to Rua GFU 3

Ptpe Plugged GPL 1

Rupture Gty 3

Position-Limit Switch ErroneousArratic Signals GEE I

Pressure 5=ttch ErroneousA rratic signals GEE 3

Fatis to Operate EP 1

Relay Falls to Close EC 1

Falls to Op*n E0 1

Short Circutt . GSM 1

Reitef Valve Falls to Close EC 3
{
- Safety aelief Valve Falls to Close GFC 1

Snubter Loss of Function GLF 4

Support loss of Function GLF 2

Temperature Control Fatis to Operate GFP 1

Indicator

Temperature Indicator ErroneousArratic Signals GEE 1

Fatts to Operate EP 1

Temperature Settch Erroneous Output GEO 1

Thernowell Loss of Function GLF I

Vent Valve Falls to Close EC 1

Falls to Open/Fatts to Close GOC 1

Zone Modifier ErroneousArratic Signals GEE I

a. Table 54sumery does met contain data for any f atture categc*ized unclassifiable (Table F-3).

b. Te E* counts: 140.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . . _ _ _ _ ___ . . _ . - - -_. _ _ _
- ._ _._
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! SASt.E F-3. 548941RT OF PECORfts le w!CM THE F/'ILURE CauSE WAS UeCLASSIFIASLE

J

System r%t F.gl re se.ge 5,. tem Effect Aging Counts

Aus11tery Feeesater System Check Va he laternal Leakeye System Function Unaffected TE5 1 fInternal Leakage Segraded Systee operettens mut 1

Ms of somy West 2
Loss of Subsystem / Channel imE 1

MS I l

Systes Functlen Unaffected put 1

MS I
Circuit Breater, AC Falls to operate Loss of Subsystem / Channel UNK 1 j

Contro!!er (parameter Erreneous/ Erratic Signals System Functlen Unaffected usul 2 f{ not specifled) '

Flom Contro;1er Erroneous / Erratic Signals System Function Unaffected YES 1
; Falls to Operate System Functten Untffected TES I
h Flow Trans ltter Erroneous / Erratic signals Loss of Subsystem /Channet UaK I
j Systee Fun (tlon Unaffected UmE 2

.

Mand Control Valve Falls to Close Loss of Redundancy YES I [
o

System Function Unaffected TES 1
,

| Mand Settch Fatts to Operate Degra hd Systce Operations tmK 1; '

i. 7? Level Controller (r-oneoes/ Erratic Signals Loss of Redundancy YES 1
00 7

i '

Motor 4rivee Punp Falls to aun Degraded System Operations no I |
UNK 2

Loss of Redundancy LNC 2
System Function Unaffected UMK 2

, F. tis to Start Degraded Systee Operations no 1
1

UleC 1

] '.Ms of Redundancy 04K 1

ystes Function Unaffected tmK 2,

Motor-Operated Valve Falls to Close as of Subsystem / Channel 20 1

! UNK I,

. System Function Unaffected tmK 3
Falls to open Loss of Redundancy Unit 1
Falls te Open/Fatis te Close Loss of subsystes/Channet UaK 1

Pnewmatic-Oper ted Esternal Leakage Loss of Subsystein/ Channel tmt i

Valve Fails to Close Loss of Redundancy Ulst i

Loss of Subsystem / Channel tmK I !
Systes Function Unaffected UEK 1 I.

Falls to Open ~ Degraded Systee Operations tmK 3
Loss of Redundancy UnK 2
Loss of Subsystem / Channel tmK 1

YE5 1*

Systes Function Unaffected no 1

i

!
,

- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ . _ _ _ _ _ . _ . . . _ - - . - - - _ - - . - - . . _ - _ - . - - - . ..-. - .- - _ . - - _ _ - .
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TABLE F-3. (continued)
.e.. ,

Systee Componer.t
_

Failure Mode System Effect Aging Cosats

Avalltary feet.ater System Pneumatic-Operated Falls to Open/ Falls to Close Degraded Systee operations UNK I

(continued) Valve (continued) Loss of Subsystem / Channel grK 2
Failure to Operate as Required Loss of Redundancy YES 1

Loss of Subsystem / Channel UE 1

System Function Unaffected UnK I

Pressure Control Falls to Operate System function Unaffected UK 4

Recorder

Pressu e 5=ttch Erroneous / Erratic Signals Loss of Redundancy UK 1r'

Falls to 0parate Degraded System Operations UNK 2
Loss of Redundancy *) 2

Pressure Transmitter Erroneous / Erratic Signals Systee Function Unaffected YES 1

Fatis to Operate Loss of Redundancy UK 1

Systen Function Unaffected UmK 1

Relief Valve Falls to Close Loss of Redundancy YES 1

Opens (Premature) System Function Unaffected UE 2

| 5%bber loss of Function Loss of Subsystem / Channel UNK 4
System Function Unaffected UNK 4

Turbine-Detven Pump Fatis to Run i.oss of Redundancy UNC 1

7 Loss of Subsystem / Channel fE5 1

System Function Unaffected YES 1
.

*
Fatis to ~, tart Degraded System operations UK 1

Loss of Subsystes/Chennel UK 1

System Function Unaffected UmK 2

( Class 1E Electrical Power Distrib6tton Systee

|
DC #ower Subsystee Battery Loss of Function Loss of Subsystem / Channel UK 1

Battery Charger loss of Function System Function Unaffected YES 1

Emergency On-Site Power Diese' Generator Falls to Run Degraded System Operations no 1

tmK 2
| Subsysten

YES 3
i Loss of Redundancy UNK 2
i YES 2
l Loss of Subsystem / Channel 20 1
'

System Function Unaffecied UnK 1

YES 4

|

- - - _ - _ - - - . _ _ _ - - _ _ . _ _ _ _ _ _ _ _ - - - -_- _ -.- -. - ., - , , , --_ - - , , . . - - . , -
|
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TA8LE F-3. (continued)
1

!

System Camponent Falture mode Systee Effect g Counts
9 Class iE Electrical Po=er Distributton System (continued)

Imergency On-Site Po=er Dieul Generator Falls to Start Degraded System operations no 1 |

|

Subsystem (contin ed) (continued)u
UNE 1

YES 1
, Loss of Redundancy NO 1
) UNK 2
4 Loss of Subsystem / Channel DuK 2to Failure Degraded System 3perations n0 1

UNE 1

YES 1

Loss of Sedundancy Out 2
Loss of Subsystem / Channel UuK 1

TES 1
System Function Unaffected UuK 2

Temperature Indicator Erroneous / Erratic Signals Systee Functlen Unaffected VE5 1

Instrumentation & Inve-ter Loss of Function Degraded System operations YES 1
:

~ Untaterruptible Pomer Supply System Function Unaffected laut 1 |

1

Subsystem
'

~ |1 Low-Voltage Power Subsystem Sus Loss of Function System Functfun Unaffected UeK 1 !

] [ Circutt Sreaker AC Fatis to Operate Degraded Systee Operations 20 1 |, a.
) UeK 1

Loss of Subsystem / Channel UnE 2
iSystem Function Unaffected no 1 l

Medive-voltage Power Subsystem Transformer Loss of Function Degraded Syst m Operations UNE 1 l
Less of Sad > system / Channel YES 1

Owical and volume Control Check Valve Enternal Leakage Loss of Subsystem / Channel Uut 1
,

System

Circuit Breaker. AC Fatts to Operate Loss of sedundancy Iput Is

i Less of Subsystem / Channel Un( 1
d

i
Motor-Driven Pump Fatis to Run Loss cf Redundancy YES 1

Loss of Subsystem / Channel YE5 1
System Function Unaffected Uut 1

YES SFatts to start Degraded Systee Operations TES I

Motor-Operated valve Fatts to Open Less of Redundancy UuK 1
Loss of Subsystem / Channel 20 1,

Falls to Open/ Falls to Close Degraded Systee O w ations UNE 1
*

Loss of Subsystem / channel Usut 1

J
System Function t>iaffected UNE 2

| i

l
1

- -,-,,,,.- - - - . . - . - - - - - ,.- - - ,,,- ------- ---- ----- - - - - - - - - - - - - -
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TABLE F-3. (continued)

!
j Systee Component Failure Mode system Effect Aging Counts

| Cheetcal and Volume Control Rellef Valve Esternal Leakage Degraded Systes Operations UIWt 1

System (continued) Falls to Close Degraded Systes Operattors UNE 2
L

|Temperature Control Erroneous / Erratic signals System Function Unaffected UmE 1
i

Becorder
L

,
Teaperature Falls to operat., Degraded Systee Operations vist 1

' Transmitter
|

| Migh Pressure injection System Accumulator Loss of Function Systee Function Unaffected VES 1

I Check Valve Enternal Leakage Degraded System Operations Unit 1

Loss of Subsystem / Channel UInt 1'

Systee Function Unaffected Unit 2

Circuit Breaker. AC Fatts to Operate Degraded Systee operations Unt 2
Loss of Redundancy uset 4

i VES 1
i Loss of Suesystee/ Channel Useat 1
! VE5 1 <

i

Systee Functlen Unaffected ouK 2 i

,' Flow Transmitter Falls to Operate Loss of Subsystem / Channel VES 1

Systes ? unction Unaffected Ulst 6
-rf

Mand Control Valve Fatis to Close Loss of Setsynen/ Channel UNE 1

Falls to Open/ Falls to Close Syste Functlen Unaffected UInt 2;

Heat Tractag Nester Loss of Function Loss of Redundancy DuE 1

Loss af Subsystem / Channel Ulst 1- ,
*

,

Lead Sequence Fails to Operate Loss of Redundancy out 1

Controller

; #sotor-Driven Pump Enternal Leakage Systee Function Unaffected Ulst 1 ;

Fatts to Run Loss of Redundancy Unit 1
'

'

Loss of Subsystem / Channel VES 1-
| System Functlen Unaffected VES 1

! Falls to Start Loss of Redundancy usut 2
i a

|
Motor-Operated Valve Falls to Close Loss of Redundancy Dent 3 i

VES 1
<

Loss of subsystem / Channel UmE 1
} Systee Function Unaffected UNE 1

Falls to Open Degraded systee operations no 1d

I Usut 2
i VES 1

| %ss of Ret,mdancy UliE 1

Systee Function Unaffected UmE 2
VES 1

,
;

,

. _ - _ . - - . _ _ - - . - . _ - . _ - . . . -..- - -_ - - - - . - - - . , ..-,_--.-- - -.._--...--- - . ..._ . _ . - - _ _ ___
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TABLE F-3, (contin ed)u

Systee Compoaent Fatture Mode System Effect Agtes Counts

High Pressure Injection System Motor-Operated Valve Fails to Open/ Falls to Close Degraded System Operations NC 1
(continued) (continued) Loss of Subsystem / Channel UE 1

YES 1

System Function Unaffected UNE 5
Fatture to Operate as Required Loss of Subsystem / Char.nel 20 3

System F BCtion Unaffected UE 1t

Saubber Loss of Function System Function Unaffected Umt 1

YES 9

Service niater System Check valve Internal Leakage Degraded System Operations tm( l

Syr_ ten Function Unaffected UE 2

Circuit Breaker. AC Fatts to Operate Degraded System Operations 20 1

un 1

Flo. Suttch Erroneous / Erratic 5tgaals Loss of Redundancy UNE 1

Mand Control valve Fatts to Open toss of Subsystem / Channel UK 1
Failure to Cperate as Requires System Function Unaffected UM 1

Manger Loss o' Function Loss of Subsystem / Channel Um 3

71 Potor-Driven Pump Enternal Leanage Degraded System operations YES 1g Loss of Redundancy YES 1

Loss of Subsystem / Channel YES 1

System Function Unaffected *ES 2
Fatis to Pun Degraded System Operations YES 1

Loss oF Recundancy YES 1

Loss of Subsystem / Channel 20 1

YES 3
Loss of System Function tmE I
Systee Function Unaffected 20 1

04K 1

YES 1

Falls to Start Loss of Redundancy UmK 1

Motor-Operated Valve Enternal Leakage System Function Unaffected 04 1
,Falls to Close Degraded Systee Operations 20 1 |

Loss of Redundancy U1WC 3 j
YES 1 1

System Function Unaffected YE5 1
Fatis to Open Degraded System operrttons UE 3 l

Loss of Redundancy CE 1

Less of Subsystem / Channel tmK 3
System Function thaffected tmK 2

- - - - - , - , - _ _ , . _ . - - - - - - , - - - . . - - - - . - , - - . . - - - -- - -- --
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TABLE F 3. (coattaue1)

Systm
_

Compor.en t Failure mode systee iffect Aging Counts

Service Water System Motor-Operated Valve Falls to Open/ Falls to Close Degraded Systee Operations UNK 1

(contin.ed) (continued) Loss of Redundancy UNK 1

Loss of Subsystes/O annel m3 1

Systen Function Unaffected UNK I

Failure to operate as Required Degraded Systee Operations YES 1

Loss of Subsystem / Channel UMK 2
Systsa Function Unaffected YES 1

Pneunatic-Operated Enternal Leakege System Function Unaffected YES 1

Valve Falls to Close Degraded Systte Operations YES 2
,

Loss of Subsystee/ Channel 20 2
System Function Unaffected UmK ?

YES I
Fatis to Cres Loss of Subsystem / Channel UNK 2
Falls to Open/ Falls to Close Loss of Redundancy U4K 3

YES 1

Loss of Subsystem / Channel tmt 2
Failure to Operate as Required Degraded System operations YES 1

System Function Unaffected YES 1

Pressure Sultch Falls to Operate Degraded Systee Operations UmK I

? Stratner Loss of Function Degraded Systee Operations U*dt 2

G Loss of Redundancy tmK 1

Loss of subsystem / Channel 20 1

|
tmK 3

|

!

|
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T A8tt F-5. FAILURE CAUSE TALLIts. F AILURt CAust FRAC 11045, A40 AGING FRAC 110m1 FOR AFW CIRCUlf SRitafRS, A.C

SYSTEM

AuxiLIAav FIT 5Jrta Sv5TtM

COPP0st aT
CIRCUIT BREAKERS Af

Fallure Mode: FAILS TO CLOSE - GFC

Fattere Cause M aj
Tatlere Cause Code (DI

Fa11ere Cause Covat 1 1

Failure Cause Fractten 1.000 1.000

A 5*19

'Y*s/mo/Uranone 1/0/0 1/0/0

Agtag Fractions

Upper Bound 1.000 1.000

Lower Sound 1.000 1.000
7f

fatture Mode: FAILURE TO OPERATE - GTP

Fativre Cause Totals

f attere Cause Code 188 (DU tt EVM HPM

Fallere Cawse Count 3 1 1 1 1 7

Fattere Cause Fraction 0.429 0.143 0.143 0.143 0.143 1.000

A 1*29

ves/mo/Unana=e 3/0/0 0/0/1 0/0/1 tic /0 0/1/0 4/1/2

Agtag Fractions

Upper Sound 0.429 0.143 0.143 0.143 0.000 0.858

Lower Bov d 0.429 0.000 0.000 0.143 0.000 0.572a

i
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T ABLE F-9. FAILt*[ CM'A TAtt![5. F AILtp[ Cl.ird TsACTIOus. Ae As.ItG FRACT10m5 FCs AFW MAW CONTROL VALVE 5

575f t M
AUI!LIAAT U[6mDit $YST[M

CompoutaT
,

ham 3 CONTROL WALVE5

(

Failure mee: [sT[EnAL LEALA&E - CIL

failpe Cause Totals

Failure Cause Code (Ba

Fatture Cause Covat 6 6

Faifore Caese Fraction 1.000 1.000

A 1*29

Yes/to/ W aa=a &/0/0 6/C/D

A$ lag Fracticas

c w so.ao 1.000 1.000 |
|

Lower Bound 1.000 1.000 '

7
$

Failure Mode: FA L5 TO CLC'l - GFC

Fativre Cowse Totals

faltere Cause Code (Ea FCC MPm

Fatture Cause Covat 3 1 1 5

Fativre Cause FrMitog 0.600 0.700 0.700 1.000 j
i
1A1'*2

Tet/No/ M aoun 2/0/0 1/0/0 0/1/0 4/1/0

Aging fractions ,

i
t*pper Bovad 0.600 0.700 0.000 0.800 i

l
1

tower Sovad 0.f.00 0.700 0.000 0.800 j
l
1

)
!

------w' - ww wwr - P W-ir w - w w<ywy -
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TABLE F-11. FAILUBE CAU5E TALLit5. FAILUk[ CAU5E FRACTION $ AC AG!a? FRACTIO 45 FOR ATW LEVIL C04T20LLEA5

Sv5T[M
AUI!LIART TETGITIR SYSTEM

Com*0nt ef
LIVIL COttkOLLit$

Fetture Mode: IRR0mE005/tRRATIC 51GmEL5 - Ett

fatlure Cause Totals

f ailure Cease Code (CT ILF
__

Fatture Cause Covat 3 4 7

Fatture Cause Fraction 0.829 0.571 1.000

Asta9

Yes/Ro/ Unknown 1/0/2 3/0/1 4/S/3

Aging Fractions

Upper Sound 0.429 0.571 1.000

Lowee Bound 0.183 0.429 0.5727

F a t t ure Mode: TAf ttRE TO OPERATE . GrP

Fallere Cause Totals

Falture Cause Code DE (BF IDS ttF Ft0 ELS

Failure Cause Count 1 3 1 4 1 1 11

Fatlere Cause Fraction 0.091 0.273 0.091 0.3f.4 0.091 0.091 1.000

Agtag

Yes/to/Unkno== 0/1/0 3/0/0 0/0/1 1/0/3 0/0/1 0/0/1 4/1/6

Aging Fractions

i Upper Sound 0.000 0.273 0.091 0.364 0.091 0.091 0.910
l

| Lower S W 0.000 0.273 0.000 0.091 0.000 0.000 0.364

l
1

l

|
- . - - - . . - - . _ - _ - . - . . . . . . - - - - - - - - - - - - . . - - - . -- - - - - - - -. -_ .- .. - -. . - - - . - - .- - - - - - - - - _ - _ - - - - - .
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TABLE F.17. FAILURE CAUSE TALLIES. FAILURE CAUSE FRACTIONS AND AGING FRACTIONS FOR AFW F'' tYS

SYSTEM

AUXILIARY TEP5ATER SYSTEM

COMPONENT
RELAYS

Failure fiode: FAILS TJ OPEN - GF0

Failure Leute Total:
Failure Cause Code EBR E09

__

Failure Cause Count 1 1
2

Fitture Cause Fraction 0.500 0.500 1.000
Aging

Yes/Ro/ Unknown 1/0/0 0/0/1 1/0/1
Aging Fractions

Upper Bound 0.500 0.500 1.000

tower Bound 0.500 0.000
-r1 0.500
L
O

Failure Mode: FAILtRE TO OPERATE - GFP

Fail m C.-se Totals
,

Fellure Cause Code DE EOS ELI ELW HPC HPM

Failure Cause Count 1 1 2 1 1 1 7

Failure Cause Fraction 0.143 0.143 0.286 0.143 0.143 0.143 1.000
Aging

Yes/mo/ Unknown 0/1/0 1/0/0 2/0/0 0/0/1 0/1/0 0/1/0 3/3/1
Aging Fractions

Upper Bound 0.060 0.143 0.286 0.143 0.000 0.000 0.572

Lower Bound 0.000 0.143 0.286 0.000 0.000 0.000 0.429

-_ - - _ _ _ _ _ _ - _ _ _ _ -- .- - . -__ _ _ _ - _ _ - _ - _



. . ._ .._ . . -- .. . - _ . . _ -_ . . . -. _ _ . . _ _ , _ _ _ _ _ _ _ . - _ - _ _ _ _ _ _ _ _ _ _ _ _ _
_ _

TABLE F-17. (continued)
_

SYSTEM

AUAILIARY FEEDWATER SYSTEM

COMPOMENT
RELAYS

Failure Mode: FAILte! TO OPERATE - GFP

TotalsFailure Cause

w allure Cause Code EBE Etw

Failure Cause Count t 2 3

1.000Fatture Cause Fractior. 0.333 0.667

Aging

Yes/mo/ Unknown 1/0/0 0/0/2 1/0/2

Aging Fractions

Upper Bound 0.333 0.667 1.000

0.333Lower Bound 0.333 0.000

T*
t

|

|

|

|
\

!

|

L..__ ___ _ _ _ _ _ _ . _ _ __ _ _ _ _ _ _ _ _ _ .__
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TABLE F-18. FAILURE CAUSE TALLIES, FAILURE CAUSE FRACTIONS. ANu AGING FRACTIONS FOR AFW RELIEF VALVES

SYSTEM

AUXILIAkV FEEDEATER SYSTEM

COMPONENT
RELIEF WALVES

Failure Mode: FAILS TO CLOSE - CFC

Failure Cause Totals
Failure Cause Code EBR

Failure Cause Count 1
1

Failure Cause Fraction 1.000 1.000
A 1ng1

Yes/No/Unkeown 1/0/0 1/0/0
Aging Fractions

L'pper Sound - 1.000 1.000

Lower Sound 1.000 1.000
L
s

Failure Mode: CPEN (PREMATURE) - ESO

Failure Cause Totals
Failure Cause Code EDI EDS

Failure Cause Count 1 5 6

Failure Cause Fraction 0.167 0.833 1.000

A ia99

Yes/Mo/ Unknown 1/0/0 5/0/0 6/0/0
Aging Fractions

l'pper Bound 0.167 0.833 1.000

tower Bound 0.167 0.833 1.000

___ .



_ _ _ _ _ __ _ _ - - _ - _ _ _ _ _ _

TASLE F.19. FAILt*E CAUSE TALLIES, FAlttRE CAUSE FRACTIONS, AND AG14 FRAC 110NS FOR AFW SNUSEERS

SYSTEM

AURILIARY FEECWATER SYSTEM

COMPONENT
Shub6to

Falture Mode: LOSS OF Ft:MCTION - CLF

TotalsFailure Cause

Failure Cause Code (SR El H

Failure Cause Count 5 1 1
7

Failure Cause Fraction 0.714 0.143 0.143 1.000

Aging

Yes/No/ Unknown 5/0/0 0/1/0 0/1/0 5/2/0

Aging Fractions

Upper Bound 0.714 0.000 0.000 0.714

m
h Lower Bound 0.714 0.000 0.000 0.714

.

-___ __



1

l

1

|

|
t

|
|

TASLE F-20. FAILURE CA:T/ TALLIES, FAILURE J" .USE FRACTIONS. AND AGING FRACTIDES FOR AFW SUPPORTS

|

| SYSTEM
| AUXILIARY TEEWTER SYSTEM

COMPONEmT
i

SUPPORTS
|
|

Failure Mode: LCSS OF FUNCTION - GLF

Failure Cause
Totals

Failure Cause Code ESW El

Failure Casse Count 4 1
$

Failure Cause Fraction 0.800 C.?OO 1.000
Aging

Yes/xo/ Unknown 0/0/4 0/1/0 0/1/4
Aging Fractions

Upper Bound 0.800 0.000 0.800
Lower Bound 0.000 0.000 0.000

t

1

r

|

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _



_ _ _ _ _ ___

TABLE F-21 FAILURE CAUSE i ALLIES, FAILURE CAUSE FRACT10hs, AND AGimG FRACTIONS FOR AFW TURBINE-DRIVEN PUMP

SYSTEM

AUXILIARY MER SYSTEM

COMPONENT
TURSihE-DRIVEN PUMP

Failure Mode: EXTERKAL LEAKAGE - GEL
Totals

Fa'1ure Cause

Failure Cause Code EBR EPH

6
Failure Cause Count 2 4

1.000
Failure Cause Fraction 0.333 0.667

Aging
2/4/0

Yes/Mo/ Unknown 2/0/0 0/4/0

Aging Fractions
0.333

Upper Sound 0.333 0.000

0.333
Lower Bound 0.333 0.000

m
L
v

Failure Mode: FAILS TO START - GF5
Totals

Failure Cause

Fatture Cause Code EBF EBR EDS EDI HAM HPO

Failure Cause Count 1 2 4 3 1 2 13

Failure Cause Fraction 0.077 0.154 0.308 0.231 0.077 0.151 1.000

Aging

Yes/No/ Unknown 1/0/0 2/0/0 0/1/3 2/1/0 0/1/0 0/2/0 5/5/3

Aging Fra ttons

Upper Bound 0.077 0.154 0.231 0.154 0.000 0.000 0.616

Lower Bound 0.077 0.154 0.000 0.154 0.000 0.000 0.385

_ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ - _ _ - - . _ _ - _ _ _ _ _ _ _ _ _ _ __ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _



T ABLE F-21. (continued)

SYSTEM

AUXILIAEY FELDWATER SYSTEM

COMPONENT

TURBINE-0 RIVEN PUMP

| Failure Mode: . AILS TO Rt:5 - GFU

| Failure Cause Totals
Failure Cause Code EBE EBM EBR ECC EOS EDI ELF EMW EPH

Fatture Cause Count 2 1 11 1 7 3 2 1 1

|
Failure Cause Fraction 0.051 0.026 0.282 0.026 0.179 0.077 0.051 0.026 0.026

Aging

Yes/Mo/ Unknown 2/0/0 0/1/0 11/0/0 1/0/0 1/0/6 2/1/0 0/0/2 0/1/0 0/1/0
Aging Fractions

Upper Bound 0.051 0.000 0.282 0.026 0.179 0.05: 0.051 0.000 0.000
n Lower Bound 0.051 0.000 0.282 0.026 0.026 0.051 0.000 0.000 0.0001

<>

| Failure Mode: FAILS TO RUN - GFU(continued)

Failure Cause Totals

Failure Cause Code EvM H.Vt HE HPM SPM
_

/ellu e Cause Count 3 1 1 3 2 39

| railure cause Fraction 0.077 0.026 0.026 0.077 0.051 1.000

| Wil
f es/M/* .itnown 3/0/0 0/1/0 0/1/0 0/3/0 0/2/0 20/11/8>

Agir.g frxtions

l'pper Bound 0.077 0.000 0.000 0.000 0.000 0.717

Lower Bound 0.077 0.000 0.000 0.000 0.000 0.513

i

!

f
L___--________-__-__---______-__- . _ - - - _ _ - _ _ _ - _ _ - _ _ _ . _ _ _ . _ _ _
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TABLE F-23. FAILtEE CMSE T1 LIES, FAILURE CAUSE FRACTIONS, Ah3 AGING FRACTIONSTOR CVCS HEAT TRACIhG HEATERS

SYSTEM

CHEMICAL AND VOLUME CONTROL SYSTEM

C04PONENT

HEAT TRAClhG HEATERS

Fetture Mode: LOSS OF FUNCTICm - GLF

Failure Cesse Totals

Failure Csase Code ECC ELO ELH ELO HAM

FaiW Caue Cut 1 I 3 2 2 9

Fa m re C m e fraction 0.111 0.111 0.333 0.222 0.222 1.000

^;ii*1

7es/W,/Ure$own 1/0/0 1/0/0 3/0/0 0/0/2 0/2/0 S/2/2

Agi g Fracticas

Upper Ecm1 0.111 0.111 0.333 0.222 0.000 0.777

m Lower Sound 0.111 0.111 0.333 0.000 0.000 0.555
L
ao



. .-- - - _ - . . _ . - . c. . _. .. . . . - -

TAELE F-24 FAILUkE CAUSE TALLIES. FAILtRE CAUSE FRACTIONS. AND AG1kG FRACT10t$ FOR CVCS LEVEL CONTROLLERS

SYSTEM

CHEMICAL AMD VEFC0fiTROL SYSTEM

C0r.POMENT
LEVEL C0hia0LLER$

.

Failure Mode: ERR 0NE0us/ ERRATIC SIMS - GEE

Failure Cau e Stals

Failure Cause Code EEF EDI EDT

Failure Cause Count i 3 3 7
|
i

Failure Cause Fraction 0.143 0.429 0.429 1.000

Aging

Yes/mo/UrAnown 1/0/0 0/3/0 3/0/0 4/3/0
4

] Aging Fractions
t

Upper Bound 0.143 0.000 0.429 0.572
.

Lower Boand 0.143 0.000 0.429 0.572
y

b

!

>

_ _ _ _ _ _ _ _ _ _ . - --_ ___ _ _ - - - -- _ _ _ _ _ . .-
- -- - - - - - w
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TASLE F-25. FAILLEE CAUSE TALLIES, FAlttRE CAUSE FRACTIONS, Aic AGING FRACTIONS FOR CVCS LEVEL TRAR$MITTERS

SYSTEM
CHEMICAL AND VOLUML CONTROL Sf5 TEM

COMPONE NT

LEVEL TRAN5MITTERS

Fatture Mode: ERR 0ssEOUS/ERAATIC SIGaALS - GEE

Failure Cause Totals

Failure Cause Code EDI CDT ELF HPO

Failure Cause Count 4 11 1 1 17

Failure Cause Fractice 0.235 0.64 7 0.059 0.059 1.000

Agtag

Yes/no/ Unknown 0/4/0 2/0/9 1/0/0 0/1/0 3/5/9

Aging Fractions

Upper Bound 0.000 0.647 0.Os9 0.000 0.706

r1 Lower Sound 0.000 0.118 0.059 0.000 0.177

o
Failure Mode: FAILtRE TO OPERATE - GFP

Falture Cause Totals

Failure Cause Code EtF

Fatture Cause Count 2 2

Failure Cause Fractica 1.000 1.000
-

Aging

Yes/No/Unkno.n 0/0/2 0/0/2

Aging Fractions

Upper Sound 1.E10 1.000

tower Sound 0.000 0.000

- __ ____ - - - . - - - _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _
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TABLE F-26. FAILURE CAUSE TALLIES FAILURE CAUSE FRACTIOUS, s.ND AGIsG FRACT!045 FOR CVCS MOTOR-DRITEN PUMPS

SYSTEM

CHEMICAL AhD VOLUML CONTROL SYSTEM

COMP 0 MENT

MOTOR-ORivEm PUMP 5

Fatture Mode: EXTERhAL LEAEAGE - EL

Failu e Cause Totalsr

failure Cause Code ISR

Failure Cause Count 7 7

Falture cause fraction 1.000 1.000

A ia99

Yes/no/Uninown 7/0/0 7/0/0

Aging Fractions

Upper Sound 1.000 1.000

Lower Sound 1.000 1.000
7
3

Failure Mode: FAILS TO Rust - CTU

Failure Cause Totals

F iture Cause Code DE EBR EDI EVM HPM

Failure Cause Count 1 14 3 1 2 21

Failure " - Fraction 0.048 0.667 0.143 0.048 0.095 1.000

A 1899

Yes/Mo/ Unknown 0/1/0 14/C'O 1/2/0 1/0/0 0/1/1 16/4/1

Aging Fractions

Upper Sound 0.000 0.667 0.048 0.048 0.048 0.811

Lower Sound 0.000 0.667 0.048 0.048 0.000 0.763

. _ _ _
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l

TAELE F-27. FAILURE CAUSE TALLIES, FAILURE CAUSE FRACTIONS, AND AGING FRACTIONS FCR CVCS MOTOR-OPERATED VALVES

SYSTEM

CHEW! CAL AND WOLUME CONTROL SYSTEM

COMP 0mfuT

MGTOR.0PERATED VALVES

Failure Mode: EXTERhAL LEAILAGE - GEL

Failure Cause Totals

Fatture Cause Code EER ECC

Failure Cause Count 8 1 9

Failure Cause Fraction 0.829 0.111 1.000

Mia9

Tes/Mo/Urknown 3/0/0 1/0/0 9/0/0

Agteg Fractions

Upper Sound 0.889 0.111 1.000

Lower Sound 0.889 0.111 1.000

O
Fa11ere Mode: FAILS TO CLOSE - G C

TotalsFailure Cause

Failure Cause Code E8E EBR EDB EDI HPM
_

i

Failure Cause Count 3 to 5 3 1 22

|
Failure Cause Fraction 0.136 0.455 0.227 0.136 0.045 1.000

41a1

Yes/Mo/ Unknown 3/0/0 10/0/0 0/0/5 3/0/0 0/1/0 16/1/5

| Aging Fractions

Upper Sound 0.136 0.455 0.227 0.136 0.000 0.954'

Lower Bound 0.136 0.455 0.00s 0.136 0.000 0.727

|
|_ . _ _ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _
'

_
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|

|

|

TASLE F-27. (continued)

SYSTEM

CHEMICAL AND VOLUME CONTROL SYSTEM

. COMP 0sthT
MOTOR-dPERATED WALVES

Fatture Mode: FAILS TO OPEu - E 0

Failure Cause Totals

failure Cause Code EDS

Failure Cause Count 3 3

Fa1 lure Cause Fraction 1.000 1.000

Aging

Yes/Mo/ Unknown 0/1/2 0/1/2

Aging Fractions

Upper BouM 0.667 0.667

Lower Bound 0.000 0.000y

h
Failure Mode- FAILGtE TO OPERATE AS REQUIRED - ER

Failure Cause Totals

| Failure Cause Code ECC EDU
1

Failure Cause Count 1 1 2

Failure Cause Fraction 0.500 0.500 1.000

A 1a19

( Yes/No/ Unknown 1/0/0 1/0/0 2/0/0
| Aging Fractions
|

Upper Bound 0.500 0.500 1.000

tower Bound 0.500 0.500 1.000

,

1
1

1-
- . _ _ _ _ . . _, ._.- - -- - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE F-27. (continued)

SYSTEM

CHEMICAL ANO VOLUME ConTR04. SYSTEM

COMPONENT
MOTOR-OPERATED WALVES

Failure Mode: INTERRAL LEAKAGE - GIL

Failure Cause Totals

Failure Cause Code EEF _

Failure Cause Count 2 2

Failure Cause Fraction 1.000 1.000

Agtng

Yes/No/Unknonni 2/0/0 2/0/0

Aging Fractions

Upper Bound 1.000 1.000

Lower Bound 1.000 1.000

U
Failure Mode: FAILS T ) 0*Eu/ FAILS TO CLOSE - G0C

Failur* Cause Totals

Fallure Cause Code ESR EDS EDI

Failure Cause Count 3 4 1 8

Failure Cause Fraction 0.375 0.500 0.125 1.000

Aging

Yes/mo/ Unknown 3/0/0 1/1/2 1/0/0 5/1/2

Aging Fractions

Upper Sound 0.375 0.375 0.125 0.875

Lower Bound 0.375 0.125 0.125 0.625

- - - - - - - - - _ .- _ _ _ _ - - - _ _ _ _ _ _ _ -_ _ . .-
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TABLE F-30. FAlttJRE CAUSE TALLIES. FAILURE CAU$E FRACTIONS. Ah3 AGitG FRACTIONS FOR CLA5$ 1E EMERGENCY POWER CIRCUIT BREAKERS

$YSTEM

EMERGENCY ON-51TE POWCR SUPPLY $YSTEM

COMPosthT
CIRCUIT BREAKERS. AC

Failure Mode: FAILURE TO OPERATE - GFP

Failure Cause Totals

failure Casse Code EBR EDS

Fallure Cause Count 2 3 5

Failure Cause Fraction 0.400 0.600 1.000

A 1*19

Yes/mo/unkno.n 2/0/0 0/0/3 2/0/3

Agtag Fractions

Upper Sound 0.400 J.600 1.000

Lower Bound 0.400 0.000 0.4007
$

. _ - _ . ,_ .__ _
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i

TA3it F.32. FAILURE CAUSE TALLIES FAILURE CAUSE F2 ACTIONS, AND AG!mG FRACTIONS FOR UPS CIRCUIT BREAKERS, AC

SYSTEM
In5TRUMENT & UmlmTERauPT!8tFREER SUPPLY SYSTEM - CLASS 1E

C0F50 MENT

CIRCUIT BEEMERS. AC

Fatis e Pbde: FAILURE TO OPERAT( . GFP

Fallae Cauw Totals

| Fallse Cause Code EER ELE HE

Falise Cause Count i I 3 5

Fatise Cause Fractice 0.200 0.200 0.600 1.000

1 '*11

Yes/20/ Unknown 1/0/0 0/1/0 0/3/0 1/4/0

Agtag Fractices

t*pper Sound 0.200 0.000 0.000 0.200
!

Lower Bound 0.200 0.000 0.000 0.200
,

$
w

}

-. _ _ _ _ _ _ - _ _ _ _ _ _ - - _ - . - - - - _ _ . - . .. . . . _ . . ,.-- _ , ,
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TaliE F-34 FAILURE CAf,L TALLIES, F AILtRE CAUSE FRACTIDES, A%3 AGI4 FRACT10t$ FOR MPIS CHECK VALVES

SYSTEM

MIGM PRES 5URE 5ATETM4JECTIC4 $YSTEM

COMP 0MmT

y ChtCK VAivt.S

Fatbre Pode: DIER44 LEAKAct . CEL

f alla e Cane Totalsr

Fatture Cause Code fER e

Fatture Casse Coct 2 1 3

Fatture Cause Fractica 0.47 0.333 1.000

Asiaa

Yes/%o/Uennown 2/0/0 0/1/0 2/1/0

Aging Fractions

L'oper Sound 0.M7 0.000 0.667

Lower Sound 0.667 0.000 0.6677
E

Failure N de: ItTERnAL LEAKAGE - F.!L

Fattare Ca ne Totals

Failure Cause Code DE ESR ED8 EDI

Failure Cause Count 3 9 1 2 15

Fattere Cause Fraction 0.200 0.600 0.067 0.133 1.000

l Aging

l Yes/%'Dakaoun 1/2/0 9/0/0 1/0/0 2/0/0 13/2/0

Aging Fractions

Upper Bound 0.067 0.600 0.067 0.133 0.867

Lower Sound 0.067 0.600 0.067 0.133 0.867

- _ -____ ______. _ _ _ _ . , _ _ _ . _ _ , . _ ___ -. - _ _ . - - - _- - ._
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TAstC f.51 (continued)

Sv5 TEM

SERVICE W SYSTEM

COPW WEaT

MAm3 CDmTAG'. VAlvis

Fattere Noe: faits TO OPtaff AIL 5 TO CLCSE - GOC

Failure Cause Totals

f atture Cause Code EDS

failure Cause C e t 1 1

Faitere Cause Fratt1on 1.000 1.000

A 389S

Ves/ho/ Unknown 1/0/0 1/0/0

Aging Iracttons |

Upper Sound 1.000 3,000

7 Lower Sound 1.000 1.000
0
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TABLE t-52. (continued)

SYSTEM

SERVICCsKT0f SYSTEM

COMPONENT
MOTOR-DAIVtN PUMPS

Failure Mode: FAILS TO RUN - GFU(continued)

Failure Cause Totals

failure Cause Code SM
_

Failure Cause Count 1 89|

Failure Cause Fraction 0.011 1.000

A 1a91

Yes/%/ Unknown 1/0/u 65/18/6

Aging Fractior.s

Upper Bound 0.011 0.796

Lower Bound 0.01! G.725

$
Failure Mode: FAILS TO $ TART - GF5

Failure Cause Totals

Failure Caus? Code DM ESF EBR EC8 EDI Ei Ett ELF EMH

Failure Cause Count 1 '. 1 4 3 1 1 1 1 14

Failure Cause Fraction 0.071 0.071 0.071 0.286 0.214 0.071 0.071 0.0'1 0.071 1.000

A11"1

Tes/NoAMknown 0/1/0 1/0/0 1/0/0 0/0/4 1/2/0 0/1/0 1/0/0 0/1/0 0/1/0 4/6/4

Aging Fractions

Upper Sound 0.000 0.071 0.071 0.286 0.071 0.000 0.071 0.000 0.000 0.570

Lo=ce Bound 0.000 0.071 0.071 0.000 0.071 0.000 0.071 0.000 0.000 0.284

, - - , - , . .- - - - - . _ - - - - - - _ - _ _ _
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TASLE ?-54 FAILURE CAUSE TALLIES, FAlttRE CAUSE FRACTIONS. AND AGIEG FRACT10M5 FOR SW5 PNEUMATIC-OPERATED VALVES

SYSTEM
SERVICETATET SYSTEM

COMPONENT
PNEUMATIC-OPEiiATED VALVES

Fal16se Mode: EXTER$AL LEAKAGE - GEL

Failure Cause Totals

Fatture Cause Code EBR
_

Fillure Cause Count 5 5

Fatture Cause Traction 1.000 1.000 j

|Aging

Yes/Mo/ Unknown 5/0/0 5/0/0

Aging Fractions

Upper Sound 1.000 1.000
*n

Lower Bound 1.000 1.000

Fatture Mode: FAILS TO CLOSE - GFC

Failure Cause Totals

Failure Cause Code EEa ECC EDS EDI EvM

Failure Cause Count 5 1 4 4 1 15

Failure Cause Fraction 0.333 0.067 0.267 0.267 0.067 1.000

8 1*99

Tes/Mo/ Unknown 5,0/0 1/0/0 0/1/3 4/0/0 1/0/0 11/1/3

Aging Fractions

Upper Bound 0.333 0.067 0.200 0.267 0.067 0. 9A

tower Bound 0.333 0.067 0.000 0.267 0.067 0.734

___ _ _ - _ _ _



, _ _ __

TABLE F-54 (continued)

SYSTEM
SERVICE kATER SYSTEM

COMPONEM T

PNEUMATIC-OPERATED VALVES

Fatture Mode: FAILS TO OPEm - GF0

Fatture Cause Totals

Failure Cause Code EBF EBR EDB EDI EDU
-

Failure Cause Count 1 3 2 2 1 9

Failure Cause craction 0.111 0.333 0.222 0.222 0.111 1.000

Aging

Yes/ho/ Unknown 1/0/0 3/0/0 0/0/2 2/0/0 0/0/1 6/0/3
Aging Fractions

Upper Bound 0.111 0.333 0.222 0.222 0.111 1.000

[ Lower Bound 0.111 0.333 0.000 0.222 0.000 0.666
O

* a t t are Mode: FAILURE TO OPCRATE AS REQUIRED - GFR

Failure Cause Totals

Failure Cause Code ECB EBR ED8 EDI ELD EVM M4
_

Fatture Cause Count 1 5 2 1 2 1 13

Failure Cause Fraction 0.077 0.385 0.154 0.077 0.077 0.154 0.077 1.000

Aging

Yes/ho/Unanowa 1/0/0 5/0/0 0/0/2 1/0/G 1/0/0 2/0/0 0/1/0 10/1/2

Aging Fractions

.

Upper Bound 0.077 0.385 0.154 0.077 0.077 0.154 0.000 0.924
|

| Lower Bound 0.077 0.335 0.000 0.077 0.077 0.154 0.000 0.770
|

|
|

|

|
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TA8tE F-57 FAILGE CAUSE TALLIES FOR SYSTEM EFFEC;a

Failure
5 vs t Sys t em E f f ec t Component Countb Cause

Auniliary Feed =ater System Degraded System operations Check Yalve 2 EBE
3 EBR
1 E8W
I EDB

Circuit Breaker AC 1 E VF.
Flew Controller 1 ELF
Flow Control Recorder 1 ELO
Hand Switch 1 ELK
Hydraulic Valve 1 ELW
Level Control Indicator 1 ELE

1 ELF
1 ELL

tevel Controller 1 EDS
Level Switch 1 ELF
Motor-Driven Pump 1 EBC

1 EBF
1 ESR
2 EDB
2 EDI
2 EDS
1 EDT
1 ELA

7 1 ELS
1 EMWg
1 EPL
1 HPC

Motor-Dperated Valve 2 DE
1 EBE
1 EBR
4 EDS
1 EDI

Pneumatic-Operated Valve 1 DE
1 EBE
9 EBR
4 ED8
5 EDI
1 ELE
1 ELF
1 HE 0

Pressure 5 ?tch 1 EBR
2 ECC
1 EDS
1 EDT
1 EL
1 ELA
i HP0

Relay 1 EBR
1 EDS



. . - _ _
-

TABtE F-57. (ccatinued)

F ailure
Srstem System Ef fect Component Count _b Cause

Aun t11ary Feed-ater System Degraded System Operatlocs Relief Valve 3 EDS

{ c ont inue!) (c or.t inued) Switch (Parameter not specified) 2 ELK
Turbine-Driven Pump 2 EBR

5 EDB

2 EDI
2 ELF
1 EPW
5 EPH
1 EVM
i HAM
2 HPM

Loss of Redandancy Check Valve 2 DE
6 ESR
2 EDI

Cirtett Breaker. AC 1 ESR
1 EDU
1 EL

Dif ferential Pressure Controller 1 ELO

) Flow Controller 3 EDI
Flow Switch 2 EDI
Flow Transmitter 1 EBR

1 EDS
,5

1 EDI;,
c) 1 EDS
'' 1 ELF

Hand Switch 1 DM
1 HPM

Level Control Indicator 1 DE
1 EBF
1 EDB

2 EDT

3 ELF
1 HPM

Level Controller 1 DE

2 EBF
1 ELF
1 ELO

Motor-Driven Pump 5 ESR
1 EDB
1 EDD

| 1 EDO
1 El
2 ELA
5 EMW
1 HPM

_



_ _ -._ __ ,

TABLE F-57. (continued)

FailureSyst ee Syst em E f f ec t Compone'.t Countb Cause

Aum111ery Feed.ater 5,rstee Loss ;T ledundancy Motor-Operated Valve 1 ECC(c octinued) (continued) 4 EDS
2 EDI
1 EDU
1 ELE
1 ELW
1 HPM

Pneumatic-Operated Valve 1 DM
1 EBF
1 EBR
5 EDB
1 EDT

Pressure Controller i EyW
Fressure Switch 1 EDI

S EDT
1 HPC

Pressure fransmitter 1 EBR
1 ELO

Relay 1 DE
1 ELW

Relief Valve 1 EDI
Solenoid Valve 1 EDI

IE Speed Controller 1 ELF
Turbine-Drisen Pc-p 1 EBE

E5
1 EBFz
2 EBR
1 ECC
2 EDS
1 EDI
2 EvM
i HAM
2 SPM

Loss of Subsystee/ Channel Check Valve 6 CE |33 EBP l

2 ECC
|

2 EDB
1 EDI
7 HPM

Circuit Erecker, AC 2 ESR
1 EDI
1 HPM

]Controller (Farameter not specified) 1 ELF I

Current Cortrol Indicator 1 ELF
Dif ferential Pressure Cer. troller 2 EDT

1 EEM
1 EDI
1 EDT
1 EV



.. .

p i
. ._ ..

TABLE F-57. (continued)

Failure
S ys t e. S ystem E f f ec t Component Counth Cause

Aus111arl Feedwater System Loss of 5.bsystem/ Channel flow Control Indicator 1 HPM
(c ontinued) (c ontinued) Flow Control Recorder 1 EDI

4 EDT
Flow Controller 1 EDI

1 EDS
3 EDT
2 EL
2 ELF
2 HPM

Flow Tr6nsmitter 4 DM
1 EDS

10 EDT

2 ELF
Hand Control Valve 6 EBR
Hand Switch 1 EDI
Hydraulic Valve 2 EDB
Leval Control Indicator 1 EBR
Level Controller 1 [BF

2 EDT
2 ELF
1 Eis

Level Recorder 1 EDT
Level Transmitter 1 ECC.n

2_ 1 EDT

$3
1 ELO

Motor-Driven Pump 1 DE
3 EBR
2 EDB
1 EMW
1 HPM

Motor-Operated Valve 4 EDS
3 EDI
1 ELW
I HAM
1 HPM

Pneumatic-Operated Valve 3 EBE
3 EBF

17 EBR

5 EDB
6 EDI
1 EDT
2 EMW
2 HAM
2 HPM

bressure Control Recorder i EDT

'ressure Controller 1 EDB
2 EST
1 EFW

4 m

mE
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TABLE F-57. (continued)
- . - - -

FailureSyst em s,st em (f_Sc( Component Countb Cause_

Auntliery Feed = ate- System Loss of Subsystem / Channel fressure Switch 1 EDT(continued) f continued) pressure Transmitter 6 EDT
5elay 1 EBR

2 ELI
2 ELW
1 HPC
1 HPM

Belief Valve 1 EBR
1 EDS

!nubber 2 EBR
1 EI

!clenotl Valve 2 EDI
1 EDU

iurbine-Driven Pump 1 EBM
3 EBR
4 EDB
2 EDI
1 HE

Loss of Systee Function Motor-Driven Pump 1 EBF
1 EMW

:9ctor-Operated Valve 1 E8E
15 Systen Function Unaf fected Annunciator 1 ELF::

Check Valve 1 DMo
3 E8E

12 EBR
2 EDI
2 EvM
2 HPM

Differenttal Press 6re Controller 1 EDS
Flow Control Ind1Cator 1 ELF
Flow Control Recorder 2 EBR

2 EDT i
Flow Controller 1 EDS

2 ELF
1 ELK |Flow Switch Indicator 1 EDI |Flow Transmitter 1 EDS l

1 EDI I
2 EDT
1 ELF

Hand Control Valve 2 DM
1 EBE
4 EBR

| 1 ECC
1 EDB
1 HPM

.



, _ _ _ _ _ _ . _ _ _ . _ . _ _

TABLE F-57. (continued)

Failure
System System if fect Cmmt Countb Cause

Cheatcal and volume Control Segraded System Operations Heat Tracing Heater 2 ELN

System Level Control Indicator 3 EDB
1 EDT
3 ELF

Level Control Reco-der 1 ELF
Level Controller 1 EDT

5 ELF
Level Transmitter 1 ESF

2 ELF ,

Pechanical valve 2 EDB l

Motor-Driven Pump 4 DE |
13 EBR

3 EDT <

1 EL |

Motor-Dperated Valve 8 EBR ,

1 EDB |

1 EDI
|

1 ELS i

1 HPD
4 EBR
1 ECC
3 EDS
1 EDI

71
- 1 HPM

C Pipe 1 EBE
I EBW
2 EDB

Pneumatic-Operated Valve 1 EBE
1 EBF

12 EBR
3 EDB
3 EDI
3 EDU
1 ELS
1 EMW
1 HED
1 HPM

Pressure Control Recorder 1 EDT

P essure Controller 1 EDI
1 EDT

Pressure $ witch 1 EDI
1 EDT
1 EL

Pressere Transmitter 1 EBM
3 EP I
1 (LF
2 HPC
1 HPO
1 $PM

_ _ _ - _ _ _ _ . _- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



TABLE F-57. (continued)

FailureSyste= System Ef fect Ceponent Countb Cause
Cheetcal and Volume Control Degraded System Operations Relay 1 EDSSystem (continued) (continued) Relief Valve 1 EDS

$nubber 3 EBR
1 H

Support 4 EBW
1 EI

Turbine-Driven Pump 1 E8E
8 EBR
1 EDI
1 HPM
2 HPO

Loss of Redundancy Circuit Breaker, AC 1 EL
1 ELW

Heat Tracing Heater 1 ELH
2 ELO
1 NAM

Level Controller 1 EBF
2 EDI

Level Transmitter 1 ELF
Motor-Driven Pump 1 DE

8 EBR,

J 1 EDU
-- Motor-Operated Valve 3 EBRg

2 EDB

Loss of Subsystes/ Channel Circuit Breaker. AC 1 EBF
2 EDS

Heat Tracing Heater 1 ECC
Level Controller 1 EDT
Level Transmitter 4 EDI

3 EDT
1 HPO

Motor-Driven Pump 3 EBR
1 EDI

Motor-Operated valve 3 ED8
1 EDI

Relief Valve 1 EBR
Temerature Switch 1 EDI

Loss of System Function Metor-Driven Pump 2 EDI
'



TABLE F-57. (continued)

Fai!ure
,

Sys t em System Effect Component Countb Cause

Chemical and Yolume Control System Function Unaf fected Check Valve 1 EER
Systee icontinued) Flow Transmitter 1 EDT

Hand Ctmtrol valve 2 EBR
Heat Tracing Heater 1 ELD

1 HAM
Level Control Recorder i EDT
Level Controller I EDI

2 EDT
tevel Smitch 1 EDT

tevel Transmitter 8 EDT
Mechanical Valve 1 EDS
Motor-Driven Pump 10 EBR

1 EVM
2 HPM

Motor-Operated Valve 3 EBE
16 EBR

1 ECC
4 EDB
2 EDI
1 EDU

Pneumatic-Operated Valve 1 EBR
1 HPM

Temperature Switch 3 EDT

C Class IE Electrical Power Distributim System
w

Instrument & Uninterruptiole Degraded System Operations Circuit Breaker. AC 3 HE

Power Subsystem Inverter 1 DE
I EBR
1 ELD
3 ELE
2 ELF
1 ELC
4 ELS
1 HE
1 HEM

Loss of Redundancy Circuit Breaker. AC 1 ELE
In<erter 2 DE

2 DM
1 ESR
1 ELA
3 ELE
4 ELF
1 ELI
1 EL5

.



_ _ _ _ _ _

TABLE F-57 (continued)

FallureSystem 5ystem Effect Component Countb Cause

Class IE Electrical Power Distribution System (continued)

Instrument & Uninterrottble Loss of Subsystem / Channel Circuit Breaker. AC 1 EBRPower $=bsystem (continued) Inverter 1 DE
1 EDB
2 EL
4 ELF
2 ELS
1 ELV
1 HEM

Less of System function Inverter 1 DE
1 ELF

System function / Operations Inverter 3 EBRUnaffected
1 EDB
1 ELD
3 ELE
7 ELF
l ELI
1 ELO
1 EL5?

. 1 ELT
Z DC P .c Subsystem Degraded System Operat tons Eattery 1 ELL

6

Battery Charger 1 EDI
2 EL
1 ELD
6 ELF
1 ELS

Eircuit Breaker. AC 1 ELL

Loss of Redundancy Battery Charger I EBR
9 ELF
1 ELO

|Loss of Subsyst e/ Channel Battery I EBB
1 ELS

Battery Charger 1 EDB
1 EL
6 ELF

System Function Unaffected Battery 3 CM
1 EL
1 ELF
1 ELG
1 ELS

Battery Charger 1 EDS
1 ELA
2 ELF
1 ELR



TABLE F-57. (continued)

b Failure
$ n t ** System Ef fect Corponent Count Cause

Class IE ElectrtCal Power Distribution System ((xtinued)

Energ*My On-Site Po.er Dcg aded System Operations Circuit Breaker, AC 1 EBR
$wpply subsystem 3 EDS

Diesel Generator 2 EBB
I EBF
6 EBR
4 ED5
2 EDI
1 EDO
1 EDU
1 ELD
2 ELF
1 ELR
1 ELS
3 ELT
1 ELW
5 EMW
1 EPL

Loss cf Redundancy Circuit Breaker. AC 1 EBR
Diesel Generator 2 DEI

2 DMm
i 6 EBR

G 1 EDB
1 EDI
1 EDU
1 EEN
2 EL
1 ELD
1 ELE
4 EMW
1 EvM

j Loss of Subsystem / Channel Diesel Generatcr 1 DEI
1 EBBi

| 5 EBF
| 3 EBR
| 1 ECC

2 EDB

3 EDI
1 EDS
1 EL
2 ELD
1 ELE
2 ELO
2 ELS
1 ELT
2 EMW
2 HEM

Timer 1 EBR

I

_ , _ _.

O

a a a mmEh i
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TA3tE F-57. (c ontinued)

b FailureSrstem System E f f ec t Co=oonent
,

Count Cause

Class IE Electrical Power Distribution System (continued)

Emergency On-Site Power System f unction dnaf fected Diesel Generator 1 CESupply Subsystem
1 Egg

(coatta ed)w
1 E EM

7 ESD
4 EC.
2 EDI
1 EDU
2 EL
2 ELD
3 ELF
3 EVM
1 SPC

Temperature Indicator 1 EDB

Low-Voltage Power Subsystem Degraded System Operations Circuit Breaker. AC 1 ELO

Less of Redandancy Bus I HEM

Loss of Subsystem / Channel Relay 1 DEI
1 ELS

}} System Function Unaf fected Circutt Ereaker. AC 2 ELT
-- Relay 1 SPC

*edism-V0ltage Power Subsystem Degraded System Goerations Cable i ELI
Circuit Breaker. AC 1 ELE
Transformer 1 ELI

Loss of pedandancy Circuit Breaker. AC 1 HPM

Loss of Subsystem / Channel Circuit Breaker. AC 1 ELC
Transformer 1 EN

1 NEM |
|System Functiod Unaf f ected Circuit Ereaker. AC 1 hPM I

Transformer 1 EBR

Mig % Pressure inject 6cn System Degraded System Ope attoes Check Valve 3 DE
7 E SR

1 EDB
1 hFM

Circuit Breaker. AC 1 EBR
1 ELK

Flow Transettter i EBM
1 EDS

i 1 EDT'

Hand Control Valve 2 DM
1 EBR
1 EDU

1

- -mm -



-

.t" r-57 (c ont inued)&

failureb
System System Ef fect

_

Cmponent Count Cause

M1 A Pressure Injecticn Systco Degraded System Operations Heat Tracing Heater 1 ELE
(c or t inued) (continued) Eevel Transmitter 1 EDT

Load Sequence Controller 1 EDI
Motor-Driven Pump 1 EBR

1 EDI
Motor-Operated Valve 1 DE

4 ESR
7 EDS
2 EDI
1 EDU
1 ELK
1 ELS
1 SC

Pneumatic-Operated Valve 1 EBE
Relief Valve 5 EDS

Loss of Redundancy Circuit Breaker, AC 1 E8F
1 EDB

1 ELF
1 HPM

flow Transeitter 1 EDT
Heat Tracing Heater 1 ECC

1 EDS,
5 ELH*

3 ELO-

''
1 EL5
2 ELW
3 HAM
1 SC

Level Transmitter 6 EDT
Load Sequence Controller 1 DE

2 ELF
1 HPM

Motor-Driven Pump 1 EDS
1 WM
1 HPM

Motor-Operated Valve 3 EBR
1 EDB

| 1 EDI
2 EDU
4 HPM

Pipe 2 ECC
Pressure 5=ttch 1 ELS
Relief Valve 1 EBR

1 HPM

- . 3
-

.

. - , ,-



_ _ _

TAELE F-57. (continued)

Fatture
5ntae System Effect Ccevonent Counth cause

Mig % Pressure Injection System Loss of hbsystem/ Channel Check valve 1 EBR
(contin W ) Circutt $reaker AC 2 EBF

1 EBR
1 El

Flow Modtfler 1 EDT
Flow Transattter 1 EBM

3 EDT
Mand Control Valve 1 ECC

1 EDI
1 MFM

Heat Trac 199 Heater 2 HAM
1 HPM

Load Sequence Controller 1 EDI
I ELL
1 MEM

Motor-Driven Pump 2 EDB
2 EDO
1 hPO
1 SPD

Motor-Operated Valve 1 EBF
4 ESR
1 ECC
2 EDB

7 2 EDI
C 1 EDU
on

1 HC0
1 HPM

Pneumatic-Operated Valve 1 EDB
1 ELW

Pressure Transettter 1 EDS
Relief Valve 2 EDI

2 ED5
1 SPM

Snutber 2 ETH

Less of System function My,traulic valve 2 DE
Motor-Driven Purg 1 EDI

System Function Unaf fected Check valve 3 EBR

2 EDI
Ilrcuit Breaker. AC 1 ELE
Currect Switch 1 EDS

| Flow Transmitter 1 EBF
| 2 ESR
| 6 EDT
!

|

s

:

$ $ 3
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TI4LE F-57. (contia ed)w

Failure
Syste= Syst ee E f f ec t Component Countb Cause

Higm Pressure Injection Systee System Function Unaf fected Hand Control Valve 1 DE
(coattawed) (continued) 2 EBR

1 EDS
1 EDI

Hydraul? Valve 2 EBR
Level Transmitter 12 EDT

1 ELF
1 HE

Lead Sequence Controller 1 EL
1 ELF

Mechanical Valse 1 EBE
,

Motor-Drtwen Pump 4 EBR
1 HP

Motor-Operated Valve 2 DE
9 EBR
4 ED8
3 EDI
I EDO
2 EDU
2 ELS
1 EVM
4 HPM

? Ortf tce 1 ECC--

Pipe 1 EvMc
1 H

Pneumatic-Operated Yalve 2 EBF
4 ESR
I EDS

Pressure Control Recorder 2 EDT
Pressure Controller 1 EDT
Pressure Modtfier 1 EDT
Pressure Tra,smitter 2 EDS

3 EDT
Relief Valve 1 EBR

1 ECC
2 (DI
2 EOS

Snubber 2 EB.1

1 EDB
3 ETH
2 HPM

5e. vice Water System Degraded System Operations Check Valve 2 EBE
4 EBR

Circuit Breaker, AC 1 EBR
1 EDS
1 EDI
1 NEM

' T .

-s
'

.
-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE F-57. (continued)

FailureSystem System Effect Component Countb Cause

Service Water System Degraded System Operettons Differential Pressure Switch 1 EDI
(continued) (continued) Flow Indicator 2 ELT

Flow Switch 3 ELD
1 ELI
1 ELT

Hand Control Valve 1 EBR
1 ECC
1 HEM
2 HE0

Motor 1 ELC
Motor-Driven Pues 10 EBR

6 EDS
5 EDI
1 El
1 EvM
1 HAM
1 HPM
1 SPM
1 SPO

Mctor-Operated Valve 1 DCI
1 DEI
2 DM
2 EBR7

~ 1 ECC

'c$
7 EDB
1 EDI
2 ELE
1 ELH
2 ELK

| 1 ELO
i

1 ELR
| 1 ELS
!

| 1 EMW
Overcurrent Relay (DC) 1 ELO|

I Pipe 1 EBE
1 ECC

Pn*urr.at ic-Operated Yalve 6 ESR
4 EDS
2 EDI
1 ELD
3 EYM

Pressure Switch 1 EDI
1 ELD

Relay 1 DE
Relief Yalve 1 EBE
Strainer 1 EDI

1 PAM
Temperature Control Indicator 1 EDB



_ - . . . .
. .

TABLE F-57. (continued)

b Failure
System yst em E f f et t Component Count Cause

*

Servke katec System Loss of Redundancy Check Valve i DCI(conttpsd)
1 DE
2 E BR

1 ECC
Circuit Breaker, AC 1 EBM

2 EDS
Dif ferential Pressure Control 8tecorder i EDI
Electric Po.er Supply 1 ELE
Flow Incicator 1 EDI
Flow Modtfier 1 ELD
Hand Centrol valve 1 [CC

1 EDS
1 EDI

Motor 1 ELS
Motor-Driven Pur@ 3 DM

1 EA0
1 ESF

16 EBR
1 ECC
4 EDS

12 EDI
2 EDU ,

1 ELF |2 1 ELI ;
ee

1 ELS~

1 EMH
1 EvM

Motor-Operated Valve 2 EBR
5 EDB
1 EL
1 ELO
1 EMW

Pneumatic-Operated Valve 1 ECC
1 EDB
1 EDI

Pressure switch 1 ECC
1 EL

Relay 1 ELC
Strainer 4 EBR

toss of Subsystem / Channel Check Valve 5 EBR
3 ECC

Cirtutt Breaker. AC 2 EBF
l EDI
2 ELW
1 SPC

Differential Pressure Control Recorder i EBR
Differential Pressure 5.ttch 1 EBR
Flow 5=ttch 1 EDI



. . . . .

.

IAELE F-57. (continued)

b Failure
SMtem Snt ae E f f ec t Cwt Count Cause

Service Water System Less of Subsystem / Channel Hand Control Valve 1 ECC
(continued) (continued) 1 EDS

Motor 1 EDI
Motor-Drlwen Pwnp 1 CCI

1 EBE
25 EBR

2 ECC
15 EDI

1 ELI
1 ELO
1 EVM
1 HAM
1 HE D

Motor-Operated Valve 3 ESE
3 EBR
3 ECC
8 EDS
2 EDI
1 DU
1 EL
2 ELO
1 ELS

9- 1 EMW
L 3 EVM
|j 1 HEM

1 HE0
Pipe 1 ECC

1 EMI
Pneumatic-Operated Valve 4 EBR

3 EDB
3 EDI
1 EVM

Pressure IMicator 1 EDI |
2 EDT

Relief Valve 1 EBR
1 EDI |

Safety / Relief Yalve 1 EDB |
Snubber 1 D I

1 EDI
Strainer 2 [A0

1 1 EBR
| 1 ECC
'

2 EDI
1 HFM

Support 1 DEI
1 ESR

Temperature Switch 1 ELT
Thermo= ell 1 ECC



--

,
. . . . . . . . . . . . -

TAPAE F-57. (coatinued)

I*IIWF'b$nt e* 'yst em f f fer t Component Count Cause

5erske Water Sys;ees Systm F u t lon Unaf f ected Check Valve 2 EEE(continued) 3 EBR
3 E t,C

1 EDS
2 EDI
1 HPM

Circuit Breaker. AC 1 EBR
2 EDI
1 EL2

Differential Tressure 5. itch 2 ELD
Flos Indicator 1 ELF

1 ELT
Flow Switch 10 ELD
Mand Control Valve 1 EBE

2 EER
2 ECC
2 HE0

Level *w itch 1 EMW
Level Transmitter 1 EDI
Motor-Orteen Pump 1 DC

1 EB8
1 EBE

-

i 1 [BF
24 EBR'd
i ECC
5 ED8
3 EDI
2 EDu
1 ELC
1 EMW
2 EvM
2 HEM
1 SPM

Motor-Operated Valve 1 DC
2 EBE
1 EBF

12 EBR
1 ECC

18 EDS
2 EDI
1 EDU ,

1 EL |
2 ELE
1 ELK
1 D.0 -

1 ELT
1 HEM
1 NED
I HPM

- -

. .

' 's #..
,

. ,
,

, ' $ % 9



TAstt F-57 (continued)

b Failure
$ntee snte Effect Component Count Cause

Service Water Systems System Ft.w tion Unaffected Pneumatic-Operated Valve 1 EB5
(continued) (cretinuedi 1 ESF

9 EBR

1 ECC
1 EDS
1 EDI
1 EDU
1 EvM
1 HA

Position-Limit Switch 1 EBR
Pressure Indicator 1 EDI

1 EDT
1 ELT

Relay 1 EBR
Snubber I s.

1 ECC
Strainer 3 E4R I

2 ECC
3 EDI

Temperatues indicator 2 ELT
Vent 'alve 1 ESE

1 EDS
y Zone Modifier 1 EDS

b
"

a. Table sumary does not contain data for any f ailure C& egorized unclassified (Table F-3).t

b. Total counts: 1713

>
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This report describes the methods, analyses, results, and conclusions of two differ- :
>

I
a . ging studies. The first study consists of a suncy oflight water reactor component |'

failures associated with 15 selected safety and support systems. Analysts used com- !

puterized sorting techniques to classify component failures into generic failure catego.
; ries. The second st udy consists of careful cumination of component failure records to
1 identify and categorire the repcrted cause of component failures. The systems evalu.
I ated in the failure-cause analysis were the ausiliary feedwater. Class IE electrical (

power distribution, high pressure injection, and senice water. Tables and figures are t,

.| preser.ted, indicating the s> stems and the ccmponents within those systems most
;

; affected by aging. Also presided are engineering insights drawn from the data. This
j report is the second ofIwo solumes and prescats t.ll of the Volume i data from FY 86

,
i

;
i combined with the data gathered in FY 87. '

,
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LWR component failures auxiliary feedwater,

generic failure categories Class 1E electrical Unlimited -

aging effects high pressure injection I, , , , , , , , , , , , , , , , ,safety and support systems service water
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