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ABSTRACT

This report documents the quantitative results of the corrcaase
failure (CCF) data collection effoftvhich includeddata through 220)
and summarizes the results of the parameter estimation quantification
process performed on CCF data in the U.S. NudRegulatory
Commission (NRC) CCF databaddhis is the 200 update to
NUREG/CR5497, updating data and parameter estimafion€CFs.

This release, CCF Parameter EstimatioB@@eflects the CCF data
contained within the CCF databaképs://rads.inl.gov/Pages/CCF.aspx
by executingin August2021)the CCFquery rules in the foldé8PAR
Rules 2@0. The data covers thmeriodfrom 1/1/2M6to 12/31/2@0, the
most receni5-year periodn whichdata ae available. Th u® of the
most recentolling 15year data in parameter estimatiiffers from
previousupdatesin which 1/1/1997 was used as the starting date (e.g.,
1/1/1997 to 12/31/2015 for the 2015 update, 1/1/1997 to 12/31/2012 for
the 2012 updateYhe new date randge.,themost receni5-year
period, wasselectedor this CCF updatsoas to beconsisent with the
date range chosen for the component relialjpiggameter estimation
andwith the effort to include sufficient data for analysis while
simultaneouslyeflecting the most recent industry performance.

These results are appropriate for usprobabilisticrisk assessment
(PRA) studiesincluding the Standardized Plant Analysis RISPAR)
modelsof commercial nuclear power plar{ft$PPs)in the U.S.

This updatenay be referred adJ.S. Nuclear Regulatory Commission,
"CCF Parameter Estimations,ZDUpdate"
https://nrcoe.inl.gov/publicdocs/CCF/ccfparame&20df, November2021.
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CCF Paramet er ,Z@0t iUpadtaitoen s

1. SUMMARY

1.1 Introduction

1.1.1 General CCF Information

A general conclusion from probabilistic risk assessments (PRAs) of commercial nuclear
power plant§NPPs)is that commortause failures (CCFs) are significant contributors tddbe
of functionsof safety system&CF is defined in th&merican Society bMechanical Engineers
(ASME)/American Nuclear Society (ANS) Standard ASME/ANS-B&2009[1] asfia failure of
two or more components during a short period of time as a result of a single sharaulicdose
CCF database and analysis system 8BREG/CR6268, Revision 1fiCommon Cause Failure
Database and Analysis System, Event Data Collection, Classification, and &@jjng CCF
event consists of component failures that meet the following four criteria: (1) two or more
components fail or are degratiat the same plant and in the same sysfgjptomponent failures
occur within a selected period of tingich that success of the PRA mission would be uncgrtain
(3) the component failures result from a single shared cause and are linked by a coupling
mechanism such that other components in the group are susceptible to the same cause and failure
mode and (4) the equipment failures are not caused by failure of equipment outside the
established component boundary.

Since the 1980s, series olJ.S. NucleaRegulatory CommissiorNRC) reports have been
published to provide guidelines for performing CCF modelingRA, andfor performing CCF
event data analysie.g.,NUREG/CR4780,fiProcedures for Treating Common Cause Failures in
Safety andReliability Studies [3], andNUREG/CR5485,fGuidelines on Modeling Commen
Cause Failures in Probabilistic Risk Assessiipt]). For CCF data collection and analysis,
Idaho National Laboratory (INL) and NRC®ffice of Nuclear Regulatory Research have
developedand maintained a CCF database sydteahstores coded CCF everdad a CCF
softwareprogramthat usesanimpact vector and mapping method to estimate CCF parameters for
the events stored in the CCF dataj&peThe data collection effoencompasesCCF events
from as far back a$980 for use in CCF analys@e current data collection effort has separated
the data byhuclear plansystem.The principal products of this CCF data collection and analysis
system (CCF database) armethodof idenifying and classifying CCF eventa CCF database
containing both CCF events and independent failure counts, and CCF parameter estimation
software.

Historically, three data sourcdgmve beemised to seledhe equipment failure reports to be
reviewed for ©F event identification: the Nuclear Plant Reliability Data System (NPRDS),
which contained component failure information prior to 198&jnstitute of Nuclear Power
OperationgINPO) Industry Reporting and Information SystéiRIS)d formerly the INPO
Corsolidated Events Database (ICES) dnd Equipment Performance and Information
Exchange (EPIX) which contains component failure informatigoing back as far &997; and
the Licensee Event Report Search (LERSeérébjmerlythe Sequence Coding aBéarch
System (SCS$) which contains Licensee Event Reports (LER#)events that meet the above
criteria are identified as CCF events and included in the CCF datdb@s€CF database can be
accessebtly NRC/INL staff and INPO membetisrough the NRC Rébility and Availability
Database System (RADS)ttps://rads.inl.gov/Pages/CCF.aspx
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1.1.2 Industry Component CCF Parameter Estimations

Thisreportcontains CCharameter estimatiorisr components pooled aarious levelsThe
first level presented is the industnde componenspecific pooled distributioacross systems
The second level is the industnde componenspecific distribution that is specific to system or
system group. Then there are CCF patemestimations for generic demand or rate failures.

It is up to the user to decide the level of pooling appropitaitthe intended uséf. sufficient
data exist at the system/component level most approfwiatiee intended use, it is recommended
thatthe more specific datae usedOtherwise, it is recommendddiatthe industrylevel pooled
component dathe usedIf no listedpooled components aeppropriate fothe intended use, the
use ofthe No Data (Prior Only)zeneric Demandyr Generic Rate goled distributiorin Section
3 of this reportnay be appropriate.

1.2 CCF Parameter Estimation History

1.2.1  Earlier History

The first CCF parameter estimaticar@documented iNUREG/CR5497,iCommonCause
Failure Parameter Estimatian$], with the datacoveringthe time perioadf 1980 1995. A series
of updates were conducted on the parameter estimations in the following years:

1 CCF Parameter Estimatisy2003 Update€] reflects the version of the CCF database that
contains data from 1980 to 2QGBougha starting date of 1/1/198Bas used to estimate CCF
parameteri order to avoid using the large number of CCF evieats the 19801984
period as the trend iseen talecreas significantly from 1980 to 1985. The analysis also
found that the previousiiecommended valuef 0.85for the mapping up factor, rho, was
very conservative. A recommenddtb value of 0.50 was used in the 2003 Update.

1 CCF Parameter Estimatisy2005 UpdateT] reflects the version of the CCF database that
contains data from 1980 2005 .A starting date of 1/1/1994as usedo avoid using the
large number of CCF everfrem the 19801990 periodas the trend iseen tadecreas
significantly from 1980 to 1991.

1 CCF Parameter Estimatigy2007 Update§] reflects the version of theCF database that
contains data from 1980 to 200¥ starting date of 1/1/1994as again usetb avoid using
the large number of CCF evelfitsm the 19801990 period.

1 CCF Parameter Estimatisy2009 Updateq] reflects the version of thevampedCCF
database that contains data from 1997 to 2009. The starting date is 1/1/1997. The large
number of CCF evenfsom the 19801996 periods excluded from the analysis (and
subsequent analyses} the trend iseen talecreas significantly from 1980 to 1997.

1 CCF Parameter Estimatisy2010 Update]0] reflects the version of the CCF database that
contains data from 1997 to 2010. The startiate is 1/1/1997.

1 CCF Parameter Estimatisy2012 Update [1] reflects the version of the CCF database that
contains data from 1997 to 2012. The starting date is 1/1/1997.

All the related NRC CCF parameter estimation reports can be located at thepRREGNY
experiencgOpE) results websitehttps://nrcoe.inl.gov/ccf _pe/
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1.2.2 2015 Update

CCF Parameter Estimations, 2015 Upda®} f&flects theversion of the CCF database that
contains data from 1997 to 20b$ executing(in October 2016)he query rules included under
the folderSPAR Rules 2026within the CCF databashttps://rads.inl.gov/Pages/CCF.asjpke
2015Update[12] and theCCFrule folderSPAR Rules 205(andSPAR Rules 20)have
mostly adopted th2012Update[11] andSPAR Rules 20]12espectively The folderSPAR Rules
2015has the same CCF rulesSBAR Rules 20]12vhile SPAR Rules 2GA includes a few new
CCEF rules requested by tB¢andardized Plant Analysis RiskRAR model developersThe
main changes in the 2015 Update asdollows:

§ TheDateRangwas changed from A19970to 20120 to A1997

1 Forthe CCF event typgnderthe CCFrules A CCF Evrathettiami@nlly &Event so
was selectedn orderto exclude those explicitly modeled events from the query results.

1 The failure moddor unavailability (JA) was excluded from the CCF parameter estimation
processThe events with UA included no equipment failurethesequipment was under
maintenancerowas oubf servicedue to the state of another component.

1 A fewnew ruleswerecreatedand added to the CCF rule fold&PAR Rules 2026and tre
2015Update due to one of the following reasons:

- The SPAR modelrsrequested the additions.g., A.L-MOV-LK for motor-operated
valves(MOVs) leakaggLK) failure, ALL -AOV-SO forair-operatedvalves(AOVS)
spurious operation$s0), andACP-CRB-416GFTOC for 4160V circuit breake(€RB)
fail to opericlose(FTOC).

- The CCF failure data and parametewuld support different levels of the pooled
distributions e.g.,ALL -MDP-NR-FR for normally running NR) motordriven pump
(MDP) fail-to-run (FTR), as the results are significantly different from those of the
standbyMDP FTR.

- Other adjustmemtwereneedede.g, the previous rule CCWHTX-HT was actually for
norrextreme environmentéNE) failure causes and should be named CBWK-HT-
NE.

1 The designations of variousrgicewater(SW) systems (normaflrunning, standby, or both)
wererevisedto be consistent witthe SPAR models and conventio®VN for normally
running SW systems, SSW for standby SW, and SWS for all SW

1 The sectionfor the strainers and traveling scre@rerere-arranged to better presahe
resultsof different systems (pooled, service watard circulatingvater)

1.3 Current Update: 2020 Update

Thisreport A CCF Par amet20Upddies t i s aGupdatet@ QURERGCR
5497, updatinghe data and parameter estimations for CCEoltuments the quantitative results
of the CCF data collection effaivith data through 220) and summarizes the results of the
parameter estimation quantification process performed on CCF dataNR@ECF database.

Thisreportreflects the CCF data ctained within the CCF database
(https://rads.inl.gov/Pages/CCF.a¥py executingin August2021)the CCFquery rules in the
folder SPAR Rules ZD. The data covers the time period frdml/2M6to 12/3¥2020, he most
recentl5-year periodn whichdata are availablé he results are appropriate for us€®RA
studiesincluding AR models of commercidllPPsin the U.S.
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The main changes in ti2920Update ares follows:

This update covers data froml12006to 12/31/2@0, themost receni5-year periodn

which thedata are available. This diffeirom previous updates which 1/1/1997 was used

as the starting date (e.g., 1/1/1997 to 12/31/2015 for the 2015 update, 1/1/1997 to 12/31/2012
for the 2012 update). The new date rafige, the latest B-year periodl wasselectedor this

CCF update sas to beconsistent vith the date range chosen for the component reliability
parameter estimatigandwith the effort to include sufficient data for analysis while
simultaneouslyeflecting the most recent industry performance

Thenew CCF priors developed in3114] using data from 1997 to 201%ere applied in this
update The old CCF prior using data from 1991 to 20Gswsed in previous CCF parameter
estimation updates such ag]IThetable belowcompares the new 2015 prior distributions
(mean), andb parametersyvith the old 2005 prior distributiorfer commoncause
componengroup (CCCG) sizesangingfrom 2 to 4 The mean values of the commoause
alpha factorsl 2 agroup sizeof 202 a n cagrdisizeof3andU2, U3, aand U4
group size of 4) in the new 2015 priors areund omearly 50percentof those in the old

2005 prior® a significant decreadmetweerthe periodsThe results imply that the
probability of the redundant components igm@up sizeof two failing simultaneasly as a
direct result of a shared causeabout 0.02as pethe 19972015 operating experien¢a

drop fromthe0.04valuebased on the 1992005 data The possibility of & three

components in group sizeof three faiing simultaneously as a direxsult of a shared cause
is about 0.005as pethe 19972015 operating experien¢adrop fromthe value ofabout
0.009 based on the 192005 data

Tablel-1. Comparisorbetweerthe 2015 and 2005 priars

Old 2005 Priors New 2015 Priors
Alpha (1991-2005 (1997-2015
CCCG | Factor Mean h b Mean h b ®( Me an
5 h1 9.59E01 | 1.02E+01| 4.35E01 | 9.80E01 | 2.24E+01| 4.69EO01 2%
h H 40702 | 4.35E01 | 1.02E+01 | 2.05E02 | 4.69E01 | 2.24E+01 -50%
hm | 9.64E01 | 2.96E+01 | 1.10E+00| 9.81E01 | 5.80E+01| 1.13E+00 2%
3 h H 2.72E02 | 8.34E01 | 2.98E+01| 1.44E02 | 8.51E01 | 5.83E+01 -47%
h o 8.72E03 | 2.67E01 | 3.04E+01 | 4.68E03 | 2.77E01 | 5.88E+01 -46%
h1 9.61E01 | 4.61E+01| 1.86E+00| 9.80E01 | 9.07E+01| 1.89E+00 2%
4 h2 2.56E02 | 1.23E+00| 4.68E+01| 1.36E02 | 1.26E+00| 9.13E+01 -47%
h3 8.42E03 | 4.04E01 | 4.76E+01 | 4.35E03 | 4.02E01 | 9.22E+01 -48%
hq 4.64E03 | 2.23E01 | 4.78E+01 | 2.50E03 | 2.31E01 | 9.23E+01 -46%
3. With usingthemost receni5-yeartime period in this update, matgmplatesn the 2015

Update [2] will now have zero CCF evesdnd zerar one independent evemost of them
are systenspecific templates such & C-MDP-FHRH, ISOMOV-FTOC, ISGAOV-
FTOC, BWRRHR-CKV-CC or OO, HPICKV-CC or O0,andCCW-HTX-EE-HT. The
Bayesian update results, if conducted, woulthizesame overy close to those in Section
3.1.3.1 CCF (No Datayvhich represents the 2015 generic pridtsese templatesrethus
removed from tts updatgrefer to AppendiA for the removed 2015 templategth Note
1).



4. As requested bthe SPAR model developethe Maximum Redundancy Range (or group
size) wagevisedto eightfor all CCFtemplates in this updatBreviously, while most CCF
templates used the value of eight, a few templates used other values such as two, four, or six.

5. In previous updates such a2]Imaximum likelihood estimatfMLE) values were provided
i n the t abALRHA FACT@Reand MGLhPARAMETERS) subsectionof each
CCFtemplate This practice was changég providing more meaningfulnean valuegstead
of MLEs for alpha factas and MGL parameters in this update.

6. The RADS CCF rules used for the 2015 Update were copied and réyisesein this
update. During review, a few errors were identified correcteth the CCF rules

a. A criterion of ACent rreldted graplates orderdo added t o
be consstent with the usage of MDP in the component reliability analysis
Section 2.1 of the 2015 Parameter Estimation Upd&fe [1st at es t-hat A The
driven pump component data in this section includes only centrifugal type
pumpso

b. Made sure that aboiling-water reactorBWR) plants were selected f&WR-
specificCCF rulesln the previous version,faw BWR-specific CCF rules such
as BWRRHR-MOV-FTOC overlookedone BWR plant.

c. The AHigh dPO6 failure mode is not include
(refer to Section 6 of H]). To be consistent with the component reliability
anal ysis, the 0wdsrgrhoved fPoin adsaintédCCFerulano d e
such as SWSTR-PG.

d. Some CCF rule descriptions were revis@dconsisteny with the criteria
applied tathe rules.

1.4 General Insights from the 2020 Update

The CCF study uses operating experience to characterize component failure data from
operating U.S. commercidlPPs This2020Update is based on the operating experience from
2006 through 2020sing the NRC CCF database and the RADS web application
(https://rads.inl.gov/Pages/CCF.akpkhe CCF database is a rich source of information on
various aspects of CCF. phoring the full potential of the database merits a dedicated activity
and is outside the scepf the current effort. Nevertheless, some general observat@asade
regardingthe character of CCF events, including the CCF parameter results, causes and shared
cause factors, and frequency of occurrence. This section docunesatslikervationsral
insights.

CCF events are collected and entered into the CCF databaseling tdhe system,
component type, and failure modbdsearereferred asiCCF templatesin SPAR models or
ACCF rule®in RADS). Appendix A shows the CCF templates includethm2020Update, as
well as the differences from the 2015 Updatependix B provides a comparison of the CCF
parameter results between 8@20Update and the 2015 Updaieable1-2 highlightsthetop 10
CCF templatethatfeatue the highest CCF parametet$? agnoup s i zagroopf 2, U3 in
size of &groupssiaedof 4] which nange from63E-2t01.53E1f or U2 =2),CCCG
from 1.31E2t06.10E2f 0 8 (CCCG= 3), andfrom 5.12E31t02.53E2f 0 4 (CCCG= 4).
and relate to the travelling screeaainersair-operated valves (AOVsMOVs, MDPs,and
poweroperated relief vahe(PORVS)

It should be noted that the insights in this section are solely based on the numbers of either all
CCF events or complete CCF events. These insights should ns¢thes bases to guess or
compareCCF parameter(e.g., causal CCF parametems)pact vectas, instead of the counts of


https://rads.inl.gov/Pages/CCF.aspx

CCF eventsare used in CCF parameter estimatigkfeer applying component degradation
value,timing factor,andshared cause factdhe impact vector dd specific CCF event could
vary significantly. For example, a CCF eventh a CCCG size of 3 could have an impact vector
of [0, 0, 1] for a complete CCF event with all three components in the group failed
simultaneously due to a shared cause), [0, 1, 0] (two of the three components in the group failed
simultaneously due toshared cause), or [0.81, 0.18, 0.Ghp(three components are degraded

instead of failed with the timing factor and/or shared cause factor may or may not beefe).
to NUREG/CR6268, Rev. 1 for more details on the defining of impact vectors

Tablel1-2. The10 CCFtemplates witlthelargest CChparameters

2020 h H h o hn
Section| CCF Template Description (CCCG=2)| (CCCG=3)| (CCCG=4)
2.6.1.2 | ALL-TSA-PG TRAVELLING SCREENS 1.53E01 6.10E02 2.53E02

EE PLUG DUE TO EXTREME
ENVIRONMENTAL
STRESS, ALL SYSTEMS
2.6.3.1 | CWSTSA-PG CIRCULATING WATER 1.53E01 6.10E02 2.53E02
EE SYSTEM TRAVELLING
SCREENS PLUG DUE TO
EXTREME
ENVIRONMENTAL
STRESS
2.6.1.1 | ALL-TSA-PG TRAVELLING SCREENS 1.46E01 5.89E02 2.45E02
PLUG, ALL SYSTEMS
2.6.2.3 | SWSSTRPG SERVICE WATER 8.51E02 1.82E02 6.90E03
EE STRAINERS PLUG
ENVIRONMENTAL
2.6.2.2 | SWSSTRPG SERVICE WATER 7.00E02 1.58E02 5.87E03
STRAINERS PLUG
POOLED CAUSES
2.4.2.2 | AFW-AOV-CC AUXILIARY 4.80E02 1.30E02 5.55E03
FEEDWATER SYSTEM
AIR-OPERATED VALVES
FAIL TO OPEN
2.6.2.1 | SWSTSA-FO- SERVICE WATER 4.69E02 1.08E02 4.39E03
NE TRAVELLING SCREENS
FAIL TO OPEN NON
ENVIRONMENTAL
2.6.1.4 | ALL-TSA-FO- ALL TRAVELLING 3.88E02 8.63E03 3.62E03
NE SCREENS FAILTO OPEN
NON ENVIRONMENTAL
2.3.1.4 | ALL-MOV-CO MOTOR-OPERATED 3.68E02 1.52E02 9.81E03
VALVES SPURIOUS
OPERATION, ALL
SYSTEMS
2.1.6.1 | AFW-MDP-FS AUXILIARY 3.65E02 1.51E02 5.79E03
FEEDWATER SYSTEM

1 The impact vectors used in this example has a format of [F& F2F m]
means ae and only one component faij¢d, 1, 0] means two components failed due to a shared cause; [0, 0, 1]
means all three componeifiggled due to a shared cause.

for

a component

group

Si Ze¢€



2020 h H h o hn
Section| CCF Template Description (CCCG=2)| (CCCG=3)| (CCCG=4)
MOTOR-DRIVEN PUMPS
FAIL TO START

29.2.1 | PWRMSS PWR MAIN STEAM 3.44E02 1.43E02 5.51E03
PRV-CC SYSTEM POWER
OPERATED RELIEF
VALVES FAIL TO OPEN

2.9.1.1 | ALL-PORV-CC | POWEROPERATED 3.08E02 1.31E02 5.12E03
RELIEF VALVES FAIL TO
OPEN, ALL SYSTEMS

1.4.1 CCF Event Occurrence by Year

Figurel-1 andFigure1-2 show the number of all CCF events and complete CCF etfetits
occurred by year from 1997 ta202Q respectivelyfiAll 6 CCF events include both completed
CCF events and partial CCF evemtisicomplet® CCF is a CCF in which all components in the
CCCG have a component degradation value equal to 1.0 (a complete faitarbpth the timing
factor and shared cause factor of the CCF are equal to 1.0. If the timing factor, shared cause
factor, orcomponent degradation valua®not 1.0, the CCF is a partial CCF.

Both figures shova steady and significant reductiomCCF event occurrences over the
years.Table1-3 further displayghis reductionin numbervermulti-year periods within the
timeframe 0f1997 2020(five-year period excefhe lastone whichis afour-yearperiod of
2017 2020: from more than 30 CC§yearly in the 1 five-year period (19972001) to about 20
yearly in the 2 period (20022006),andabout 15 yearly during 2002011, less than 10 during
2012 2016, and less than five during 202020 The samereductionexists in the number of
complete CCF eventfrom five events yearly durin997 2001 to oner less per yearuting
the lasttwo multi-year periods.

All CCF Events by Year (1992020)
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Figurel-1. All CCF events by yead 997 2020.



Complete CCF Events by Year (1:98020)
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Table1-3. CCF events by mulyear period 1997 2020.

19972001 2002 2006 20074 2011 2012 2016 20142020

Per Per Per Per Per
5i Yea Period | Total | Year | Total | Year | Total | Year | Total| Year | Total | Year

All CCF Events| 164 | 32.8 | 106 | 21.2 | 78 15.6 | 44 8.8 13 33

Complete CCF| 25 5.0 23 4.6 14 2.8 5 1.0 2 05

1.4.2  Distribution of CCF Events by Cause and Coupling Factor

Figure1-3 andFigure1-4 show the distributioffor all CCF events and compleBCFevents
by proximate causeduring the1997 2020and2006 2020periods, respectivelyigure1-5 and
Figure1-6 show the distribution of all CCF events and comp&®events by coupling factors
during thel997 2020and2006 2020periods, respectively. These figures provide a general
picture of he types of events that may be expected to occur, and what type of features might be
most susceptible to CCF events. The figures also display the different characteristics of all CCF
events and complete CCF events.

It should be notechoweverthat the cause and coupling factor associated observations in this
section are solely based on the numbers of either all CCF events or complete CCRJsirants.
different characterizatia{including the timing factor, shared cause factor, and component
degradation) for each CCF evemnt,applicatios of the mapping methodology in CCF parameter
estimationsyould voidthe observationprovided above so that, in those instances, shewld
not be used as the basis to compare the CCF causal alphadaoboig different cause groups.
Rather astudyreporing on CCF causal alpha factor parameter estimations will be published in
the near future.

Figurel-3 showsdesignto bethe dominant causgroupwhen consideringhe number oéll
CCFevensfor both the 19972020 and 20062020 periodsHuman componentand
environmentarethe 2", 39, and4" leading cause groups during the 108020 period.
However, for the 20062020 period, environment and component cause groups switch their
places in the number of all CCF events, while human remaingtteaging cause group.



In considering complete@F events onlykrigure 1-4 showsclosesimilarity betwee
environment, human, and design with these categories ratikiay, and 3%, respectively
Components 4", andothefunknownranks lastThis orderapplesto both thel997 2020and
20064 2020periods, though th200G 2020period has mucfewer CCF events.

All CCF Events by Proximate Causes
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Figurel-3. Distributions of all CCF eants by proximate caug$&£997 2020and2006 2020.

Complete CCF Events by Proximate Causes
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Figure1-4. Distributions of complete CCF events by proximate c&i887 2020and2006
2020).

Figurel-5 showsthat when considering all CCF events, design is the dominant coupling
factor, maintenance is thé%2eading coupling factor, environment i€,&nd hardware and
operational coupling faors show very small susceptibility to CCF. These observations apply to
both the 19972020 and 2@6i 2020 periodsthough the 20062020 period has much fewer CCF
events.



Figure1-6 shows thatlesign is still théeadingcoupling factomhen only considering
complete CCF events during th@97 2020period. However, environment is noW 2nd
maintenance'd For the2006 2020period, environmenteamethe leadingcoupling factor
while designvas2™ andmaintenance3™. Hardware and operational coupling factors still have
very small susceptibility to complete CCF events in both periods.

All CCF Events by Coupling Factors
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Figurel-5. Distributions of all CCF events by coupling facth®97 2020and2006 2020).
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Figure1-6. Distributions of complete CCF events by coupling fati®@7 2020and2006
2020).
1.4.3 Distribution of CCF Events by Defense

Figurel-7 andFigure1-8 show ttat differentdefense strategies could be applied to prevent
the occurrence dECF events.

Figurel-7 shows thaMaintenance (or mintenance program modificatipriunction (or
functional and/or physical interconnectiansdificatior), monitoring (orincreased monitoring,

10



surveillance, or peosnel training, anddiversity (orincreasedliversityin types of equipment,
procedures, equipment functiolsmanufacturensarethe top fourdefensestrategiesgor
prevening CCFwhen considering all CC&vens during both the 1992020 and 20062020
periods.

Figure1-8 shows that Maintenance is still the leading defense strategy when considering
complete CCFRor both the 19972020 and 20062020 periods. However, mitoring becomes
the 29 defense strategy and diversit§. Function is thet" during the 19972020 period butvas
not identified during the 2002020 period

All CCF Events by Defense
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Figurel-7. Distributions of all CCFevents by defendd 997 2020and2006 2020.
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Figure1-8. Distributions of complete CCF events by defefig897 2020and2006 2020).



1.4.4  Distributions of CCF Events by System

Figure1-9 andFigure1-10show the distribution of all CCF events and complete CCF events
by systemduring the1997 2020and2006 2020periods, respectivelyWhen considering all
CCF eventsKigure1-9), Main Steam SysterfMSS)is the dominantategory ofCCFs while
Circulating Water SystefCWS)ranks2". Residual Heat RemovéRHR), Auxiliary Feedwater
(AFW), Standby Service War (SSW), Emergency Power Supp{EPS) Service Water
Normally Running 8WN), AC Power, DC Power, Main Feedwa(dtFW), and Reactor Coolant
System(RCS)alsoshowcomparatively high numbers QICFs.

When considering complete CCF events ofRig(rel1-10), the profile is quite differentwith
CWS andRHR beingthe top twocategories 0€CCFs. AW, SWN, MSS EPS RCS MFW,

Instrument Air,andContainment Spray Recirculatiatso show comparatively high numbers of
CCFs

All CCF Events by System
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Figure1-9. Distributions of all CCF events by systéh®97 2020and2006 2020.
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Complete CCF Events by System
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Figure1-10. Distributions of complete CCF events by syst@é807 2020and2006 2020.

1.4.5 Distributions of CCF Events by Component Type

Figurel-11 andFigure1-12 show distributios for all CCF events and complete CCF events
by component typeduringthe 1997 2020and2006 2020periods, respectively. When
considering all CCF eventbigurel-11), safety relief valvé€SRV) (dual actuation), MDP,
strainer, safety valk/(SVV) (single acting), main steam stop valve (MSSV), PORV, AOV,
generatorMOV, circuit breaker, and check valaee the component typés whichthe most
CCF events occurred during th897 2020period.For the2006 2020period SRV, strainer,

SVV, MDP, MSSV, PORYV, AOV, and generator are the top component fpp&CF.

When considering complete CCF events oRlig(rel-12), the profilechangs, as strainer
and MDP stand out as the top two component tigegsiringCCFsduringthe 1997 2020period.
ThePORYV, generator, check valve, AOV, laapacity relief valveMOV, and compressor
featuredmultiple complete CCF events during tH@97 2020period. During th006a 2020
period, onlythe strainer generator, MDP, POR\AOV, low-capacity relief valveandMOV
featuredmultiple complete CCF events.
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All CCF Events by Component Type
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Figurel-11. Distributions of all CCF events lmpmponent typ€19974 2020and2006 2020.
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Complete CCF Events by Component Type
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Figurel-12. Distributions of complete CCF events dymponent typé1997 2020and2006
2020.

1.4.6 Distributions of CCF Events by Failure Mode

Figurel-13 andFigure1-14 show distributios for all CCF events and complete CCF events
by failure modeduring thel997 2020and2006 2020periods, respectively. When considering
all CCF eventsHigurel-13), setpoint out of specification (OOS), fail to op@TO), fail to
remain closed, fail to operatETOP) fail to closg(FTC), fail to start(FTS), no flow/plugged,
FTRfor NR equipment, and fail to run > 1 ho{FTR > 1 H) for standby(NS) equipmentare the
top failure modedor CCFsthatoccurredduring thel997 2020period.Setpoint OOSFTO,
FTOP,FTC, no flow/pluggedand FTRare the togailure modedor the2006 2020period.Note
that the setpoint OOS failure modeniot included in the CCF parameter estimation process.

When considering complete CCF events ofRigyrel-14), FTOP,FTS, no flow/plugged,
FTO,FTRfor NR equipmentand fail to remain closed are the top failure moiesCCFsthat
occurred during th&997 2020period.no flow/plugged, FTOFFTS, FTOFTRfor NR
equipmentandsetpoint OOSre theonly failure modedor which multiple CCFs occurred
duringthe 2006 2020period.
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All CCF Events by Failure Mode
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Figurel-13. Distributions of all CCF events by failure mad®97 2020and2006 2020.



Complete CCF Events by Failure Mode
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Figurel-14. Distributions of complete CCF eventsfajlure modeg(1997 2020and2006 2020.



2.1.1
2.11.1

2.

2.1

Motor-Driven Pumps
Pooled Motor-Driven Pumps
MOTOR-DRIVEN PUMPS FAIL TO START ALL SYSTEMS: ALL-MDP-FS

Components/Pumpfotor-Driven PumpCentrifugal
Failure Modes/Fail to Start
Date Range2006 through 2020

Total Number of Independent Failure Ever39.9

Total Number of CommoRause Failure Events:

ALPHA FACTOR DISTRIBUTIONS

INDUSTRY COMPONENT CCF DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9738293 0.9892417 0.991098§ 0.9982971 0.990762( 1.673E+04 1.820E+0(
Uz 1.70E03 | 1.08ED2 | 8.90ED3 | 2.62ED2 | 9.24ED3 | 1.820E+0( 1.673E+07
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9777785 0.9894395 0.9905939 0.997162( 0.9917455 2.747E+074 2.932E+0(
Uz 6.70E04 | 5.51E03 | 4.38E03 | 1.42E02 | 3.11E03 | 1.530E+0( 2.761E+02
Us 5.30E04 | 5.05ED3 | 3.92ED3 | 1.34ED2 | 5.15ED3 | 1.402E+0( 2.762E+02
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9791443 0.9890683 0.9899057 0.996130§ 0.9921027 3.789E+07 4.188E+0(
Uz 1.20E03 | 5.85ED03 | 5.02E03 | 1.34ED2 | 3.38ED3 | 2.242E+0( 3.809E+07
Us 2.1504 | 3.01ED3 | 2.20ED3 | 8.56HD3 | 2.58ED3 | 1.152E+0( 3.820E+0?
Ua 5.55E05 | 2.07ED3 | 1.30ED3 | 6.73ED3 | 1.94ED3 | 7.94001 | 3.823E+0?
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9809605 0.989062¢ 0.989644€ 0.9951795 0.9926691 5.507E+04 6.090E+0(
Uz 14703 | 5.39E03 | 4.81E03 | 1.13ED2 | 2.96ED3 | 2.999E+0( 5.538E+07
Us 43304 | 3.04E03 | 2.47E03 | 7.60ED3 | 1.78ED3 | 1.695E+0( 5.551E+02
Us 1.05604 | 1.87E03 | 1.31E03 | 5.51E03 | 1.81ED3 | 1.038E+0( 5.558E+07
Us 3.02E07 | 6.43ED4 | 2.04ED4 | 2.77ED3 | 7.76ED4 | 3.580ED1 | 5.565E+0?2
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor
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Us 0.982535] 0.989700€¢ 0.9901857 0.9951997% 0.9930975 6.567E+074 6.834E+0(
Uz 1.13E03 | 4.32E03 | 3.83E03 | 9.16ED3 | 2.67ED3 | 2.863E+0( 6.606E+07
Us 4.2604 | 2.73E03 | 2.25H03 | 6.68H03 | 1.39ED3 | 1.811E+0( 6.617E+02
Us 14804 | 1.84E03 | 1.37ED03 | 5.13E03 | 1.43E03 | 1.219E+0( 6.623E+07
Us 1.71E05 | 1.04ED3 | 6.00E04 | 3.56ED3 | 1.08ED3 | 6.898ED1 | 6.628E+07
Us 6.49E09 | 3.77ED4 | 6.62ED5 | 1.83E03 | 3.24ED4 | 2.504E01 | 6.633E+02
CCCG =7
Alpha | 5th% Mean Median | 95th% MLE a b
Factor
Us 0.983601€ 0.989733¢ 0.9900979 0.9946131 0.9934300 8.748E+04 9.074E+0(
Uz 1.23E03 | 3.97E03 | 3.60E03 | 7.96ED3 | 2.49ED3 | 3.506E+0( 8.803E+07
Us 5.0404 | 2.51E03 | 2.14E03 | 5.75E03 | 1.16ED3 | 2.214E+0( 8.816E+02
Us 2.53E04 | 1.86ED3 | 1.50E03 | 4.70E03 | 1.11ED3 | 1.646E+0( 8.822E+02
Us 8.18E05 | 1.25ED3 | 9.02ED4 | 3.62E03 | 1.07ED3 | 1.107E+0( 8.827E+0?
Us 21206 | 5.61E04 | 2.54ED04 | 2.16H03 | 6.02ED4 | 4.963E01 | 8.834E+02
Uz 2.89E16 | 1.19ED4 | 9.45ED7 | 6.88E04 | 1.39ED4 | 1.051ED1 | 8.837E+02
CCCG =8
Alpha | 5th% Mean Median | 95th% MLE a b
Factor
Uy 0.984728] 0.9903753 0.990707( 0.9948884 0.993690€6 9.645E+04 9.373E+0(
Uz 1.06E03 | 3.49ED3 | 3.16ED3 | 7.06ED3 | 2.39ED3 | 3.399E+0( 9.705E+07
Us 3.5204 | 2.02E03 | 1.69ED3 | 4.81E03 | 1.00ED3 | 1.968E+0( 9.719E+02
Ug 2.0204 | 1.61E03 | 1.28ED3 | 4.13E03 | 8.72ED4 | 1.566E+0( 9.723E+0?
Us 1.06E04 | 1.28E03 | 9.55E04 | 3.54E03 | 9.34ED04 | 1.242E+0( 9.726E+07
Us 1.94E05 | 7.93E04 | 4.88H04 | 2.60ED3 | 7.30ED4 | 7.720801 | 9.731E+07
Uy 2.81EH08 | 3.03E04 | 7.21ED5 | 1.39ED3 | 3.24ED4 | 2.953ED1 | 9.736E+0?
Us 6.09F14 | 1.33ED04 | 3.07ED6 | 7.53ED4 | 6.08ED5 | 1.298ED1 | 9.737E+02
ALPHA FACTOR and MGL PARAMETERS
Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor
Us 9.89ED1 | 9.89ED1 | 9.89ED1 | 9.89ED1 | 9.90ED1 | 9.90ED1 | 9.90ED1
Uz 1.08E02 | 5.51E03 | 5.85H03 | 5.39H03 | 4.32E03 | 3.97ED3 | 3.49ED3
Us 5.05E03 | 3.01ED3 | 3.04ED3 | 2.73ED3 | 2.51ED3 | 2.02ED3
Us 2.07E03 | 1.87ED3 | 1.84ED3 | 1.86ED3 | 1.61ED3
Us 6.4304 | 1.04E03 | 1.25ED3 | 1.28ED3
Us 3.77E04 | 5.61E04 | 7.93ED4
Ur 1.19604 | 3.03ED4
Us 1.33ED4
MGL CCCG=2| CCCG=3| CCCG=4| CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta | 9.89ED1 | 9.89ED1 | 9.89ED1 | 9.89ED1 | 9.90ED1 | 9.90ED1 | 9.90ED1
Beta 1.08E02 | 1.06E02 | 1.09ED2 | 1.09ED2 | 1.03E02 | 1.03ED2 | 9.62ED3
Gamma 478801 | 4.65E01 | 5.08E01 | 5.81H01 | 6.14H01 | 6.37ED1
Delta 4.08E01 | 45201 | 5.44E01 | 6.02E01 | 6.71ED1
Epsilon 2.56E01 | 4.35E01 | 5.09ED1 | 6.09ED1
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Mu 2.66E01 | 3.52E01 | 4.91E01
Omega 1.75E01 | 3.55E01
Sigma 3.05E01
Avg. CCCG=2| CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 143.12 214.67 286.23 357.79 429.35 500.91 572.46
Nu 1.7976 2.0179 2.0357 2.0908 2.0997 2.0674 1.9958
N 1.3512 0.6786 0.9821 1.0744 1.1620 1.2624 1.3810
Ns 1.1250 0.7500 0.6458 0.6042 0.5848 0.5779
Na 0.5625 0.6563 0.6233 0.5628 0.5040
Ns 0.2813 0.4688 0.5414 0.5397
Ns 0.1406 0.3047 0.4223
Ny 0.0703 0.1875
Ns 0.0352
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2112

MOTOR-DRIVEN PUMPS FAIL TO RUN LESS THAN 1H: ALL-MDP-FH

Components/Pumpfotor-Driven PumpCentrifugal
Failure Modes/Fail to Run <1H
Date Range2006 through 2020

Total Number of Independent Failure Ever33:5

Total Number of CommoRause Failure Event6:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9668559 0.991540( 0.9963349 0.9999744 1.0000000 5.491E+0] 4.6858)1
Uz 2.36ED5 | 8.46ED3 | 3.67ED3 | 3.31ED2 | 0.00E+00| 4.685E01 | 5.491E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9648534 0.9876861 0.9910135 0.9991501 1.000000¢ 9.048E+0] 1.128E+0(
Uz 3.11E04 | 9.29ED3 | 6.05ED3 | 2.93E02 | 0.00E+00| 8.512ED1 | 9.076E+0]
Us 15107 | 3.02ED3 | 6.46ED4 | 1.42ED2 | 0.00E+00]| 2.768ED1 | 9.133E+0]
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.963707( 0.9848595 0.9873604 0.9974691 1.0000000 1.232E+04 1.894E+0(
Uz 8.70ED4 | 1.01ED2 | 7.61ED3 | 2.77ED2 | 0.00E+00| 1.260E+0( 1.238E+02
Us 3.49H06 | 3.22ED3 | 1.18ED3 | 1.33E02 | 0.00E+00| 4.024E01 | 1.247E+0?
Us 1.28E08 | 1.85ED3 | 2.76E04 | 9.17ED3 | 0.00E+00| 2.31581 | 1.248E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.969591§ 0.9848651 0.986269¢ 0.9953525 1.0000000 2.233E+04 3.432E+0(
Uz 1.44E03 | 8.49E03 | 7.09E03 | 2.03ED2 | 0.00E+00| 1.924E+0( 2.248E+07
Us 2.68E04 | 4.63ED03 | 3.28ED3 | 1.36ED2 | 0.00E+00| 1.049E+0( 2.257E+0?
Us 1.28E06 | 1.69ED3 | 5.81ED4 | 7.11E03 | 0.00E+00| 3.822ED1 | 2.264E+07
Us 29420 | 3.38E04 | 3.15ED7 | 1.97ED3 | 0.00E+00| 7.674ED2 | 2.267E+0?
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9714029 0.985338( 0.986559¢ 0.9951077% 1.0000000 2.577E+04 3.835E+0(
V) 9.32E04 | 6.50E03 | 5.30ED3 | 1.62ED2 | 0.00E+00| 1.701E+0( 2.599E+0?2
Us 3.6404 | 4.61E03 | 3.43E03 | 1.29ED2 | 0.00E+00| 1.207E+0( 2.603E+0?
Ua 2.09E05 | 2.28ED3 | 1.20E03 | 8.21ED3 | 0.00E+00| 5.96001 | 2.610E+0?
Us 3.31K9 | 8.45E04 | 1.13ED4 | 4.24H03 | 0.00E+00| 2.2111 | 2.613E+0?
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[

| Us

| 3.30E15 [ 4.20ED04 | 4.25E06 | 2.42E03 | 0.00E+00] 1.098801 | 2.614E+0]

CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

V) 0.975293] 0.9859837 0.9867644 0.9940027% 1.0000000 4.043E+04 5.747E+0(
Uz 1.12E03 | 5.47E03 | 4.69E03 | 1.25ED2 | 0.00E+00| 2.243E+0( 4.078E+07
Us 5.33804 | 3.97E03 | 3.20ED3 | 1.01E)2 | 0.00E+00| 1.630E+0( 4.084E+02
Us 1.64E04 | 2.64E03 | 1.89H03 | 7.68ED3 | 0.00E+00| 1.083E+0( 4.090E+07
Us 9.97ED6 | 1.38ED3 | 6.95ED4 | 5.07ED3 | 0.00E+00| 5.654E1 | 4.095E+0?
Us 2.57E10 | 4.67ED4 | 4.32ED5 | 2.43E03 | 0.00E+00| 1.916E01 | 4.099E+0?
Uy 5.81K41 | 8.49ED5 | 3.16E12 | 3.72E04 | 0.00E+00| 3.480ED2 | 4.100E+0?
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.976407] 0.9866302 0.987383€ 0.9942927% 1.0000000 4.225E+07 5.726E+0(
Uz 8.49804 | 4.71E03 | 3.97ED3 | 1.11E02 | 0.00E+00| 2.018E+0( 4.262E+02
Us 3.35E04 | 3.25ED3 | 2.51ED3 | 8.66ED3 | 0.00E+00| 1.391E+0( 4.269E+0?
Us 1.48E04 | 2.48ED03 | 1.76ED3 | 7.26ED3 | 0.00E+00| 1.062E+0( 4.272E+07
Us 2.90ED5 | 1.64ED3 | 9.58ED4 | 5.57ED3 | 0.00E+00| 7.026ED1 | 4.275E+02
Us 3.21807 |8.17ED4 | 2.51ED4 | 3.55EH03 | 0.00E+00| 3.497ED1 | 4.279E+0?
Uz 1.23EL5 | 2.52E04 | 2.31E06 | 1.45E03 | 0.00E+00| 1.078ED1 | 4.281E+07
Us 2.57EL7 | 2.21E04 | 9.37ED07 | 1.29HD3 | 0.00E+00| 9.469ED2 | 4.282E+0?
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Ua 9.92ED1 | 9.88ED1 | 9.85ED1 | 9.85ED1 | 9.85ED1 | 9.86ED1 | 9.87ED1

Uz 8.46ED3 | 9.29ED3 | 1.01ED2 | 8.49ED3 | 6.50E03 | 5.47E03 | 4.71E03

Us 3.02E03 | 3.22E03 | 4.63E03 | 4.61ED3 | 3.97ED3 | 3.25H03

Us 1.85E03 | 1.69ED3 | 2.28H03 | 2.64E03 | 2.48E03

Us 3.38E04 | 8.45ED4 | 1.38ED3 | 1.64ED3

Us 4.2004 | 4.67E04 | 8.17ED4

Uy 8.49E05 | 2.52ED4

Us 2.21E04

MGL CCCG=2| CCCG=3| CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.92ED1 | 9.88ED1 | 9.85ED1 | 9.85ED1 | 9.85ED1 | 9.86ED1 | 9.87ED1

Beta 8.46E03 | 1.23H02 | 1.51E02 | 1.51H02 | 1.47E02 | 1.40ED2 | 1.34ED2

Gamma 245801 | 3.35H01 | 4.39ED1 | 5.56E01 | 6.10ED01 | 6.48E01

Delta 3.65E01 | 3.04ED1 | 4.34E01 | 5.35E01 | 6.25ED1

Epsilon 1.67E01 | 3.57E01 | 4.22E01 | 5.42E01

Mu 3.32E01 | 2.86E01 | 4.40ED1

Omega 1.54E01 | 3.67E01

Sigma 4.68E01
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Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 32.50 32.50 32.50 32.50 32.50 32.50 32.50
Ny 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ne 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ny 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000
Ne 0.0000 0.0000 0.0000
Ny 0.0000 0.0000
Ne 0.0000
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2.1.1.3
ALL-MDP-FHRH

Components/Pumpfotor-Driven Pump/Centrifugal
Failure Modes/Fail to Run <1H
Failure Modes/Fail to Run >1fEtandby equipment)
Date Range2006 through 2020

Total Number of Independent Failure Everita7.5

Total Number of CommoRau® Failure Event$

ALPHA FACTOR DISTRIBUTIONS

MOTOR-DRIVEN PUMPS FAIL TO RUN LESS THAN AND > 1 HOUR:

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9573939 0.983783( 0.9872775 0.998224( 0.9852776 8.666E+0] 1.429E+0(
Uz 177803 | 1.62E02 | 1.27ED2 | 4.26EH02 | 1.47E02 | 1.429E+0( 8.666E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9574837 0.9790953 0.9811087 0.9938186 0.9779834 1.526E+04 3.258E+0(
Uz 4.03E03 | 1.67ED02 | 1.47E02 | 3.63ED2 | 1.81HD2 | 2.606E+0( 1.532E+02
Us 55705 | 4.18E03 | 2.34ED3 | 1.46E02 | 3.88ED3 | 6.518E01 | 1.552E+02
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.959785¢ 0.9780574 0.979485] 0.991444€ 0.9769825 2.157E+074 4.840E+0(
Uz 3.49E03 | 1.31E02 | 1.17ED2 | 2.77ED2 | 1.28ED2 | 2.893E+0( 2.177E+02
Us 1.03E03 | 7.49E03 | 6.07ED3 | 1.88ED2 | 9.77ED3 | 1.653E+0( 2.189E+07
Us 1.19E07 | 1.33E03 | 3.15E04 | 6.14ED3 | 4.88ED4 | 2.940801 | 2.203E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.967879¢ 0.981115¢ 0.982014( 0.9912774 0.9796304 3.468E+024 6.675E+0(
Uz 2.82E03 | 9.43ED3 | 8.52ED3 | 1.91ED2 | 8.84ED3 | 3.332E+0( 3.501E+0?
Us 1.04E03 | 5.74E03 | 4.84ED3 | 1.35ED2 | 6.16E03 | 2.030E+0( 3.514E+07
Us 2.68E04 | 3.41E03 | 2.53E03 | 9.55ED3 | 5.17ED03 | 1.205E+0( 3.523E+0?
Us 1.55E15 | 3.06ED4 | 2.83E06 | 1.76ED3 | 1.96ED04 | 1.080E01 | 3.534E+07
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9707485 0.9824281 0.9831871 0.991508]1 0.9814300 4.120E+04 7.369E+0(
U 1.98E03 | 7.20E03 | 6.44E03 | 1.50ED2 | 6.93E03 | 3.021E+0( 4.164E+07
Us 9.26E04 | 4.95E03 | 4.19E03 | 1.16ED2 | 4.58ED3 | 2.078E+0( 4.173E+0?
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Us 3.39E04 | 3.30ED3 | 2.56E03 | 8.83ED3 | 4.15ED3 | 1.386E+0( 4.180E+0~
Us 4.19E05 | 1.81ED3 | 1.11ED3 | 5.98ED3 | 2.83ED3 | 7.593E1 | 4.186E+02
Us 6.24E14 | 2.99ED4 | 5.89ED6 | 1.70ED3 | 8.21ED5 | 1.254E01 | 4.193E+0?
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9749734 0.984172¢ 0.984706( 0.991543]1 0.983142€6 5.895E+04 9.480E+0(
Uz 1.76E03 | 5.75E03 | 5.21H03 | 1.16ED2 | 5.41E03 | 3.442E+0( 5.955E+07
Us 9.13E04 | 4.08ED3 | 3.54ED3 | 9.07ED3 | 3.67ED3 | 2.441E+0( 5.965E+02
Us 4.6604 | 3.01E03 | 2.48E03 | 7.37EH03 | 3.24E03 | 1.801E+0( 5.972E+02
Us 1.60ED04 | 2.02ED3 | 1.50H03 | 5.66ED3 | 2.92E03 | 1.211E+0( 5.978E+07
Us 5.39E06 | 9.06ED4 | 4.42ED4 | 3.38ED3 | 1.59ED3 | 5.426E01 | 5.984E+0?
Uz 2.86E34 | 7.11ED5 | 8.38El1 | 3.53ED4 | 3.53E05 | 4.261E2 | 5.989E+0~
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.976545% 0.9851154 0.985609( 0.991996¢ 0.9844622 6.386E+04 9.649E+0(
Uz 1.40E03 | 4.88E03 | 4.39E03 | 1.01ED2 | 4.55E03 | 3.166E+0( 6.451E+07
Us 6.31E04 | 3.28ED3 | 2.79ED3 | 7.63H03 | 2.92ED3 | 2.128E+0( 6.461E+02
Ug 3.94E04 | 2.68E03 | 2.19ED3 | 6.64H03 | 2.67ED3 | 1.736E+0( 6.465E+02
Us 1.9004 | 2.03E03 | 1.55ED3 | 5.52E03 | 2.43E03 | 1.316E+0( 6.469E+07
Us 4.67EH05 | 1.34E03 | 8.72ED04 | 4.21H)3 | 2.05ED3 | 8.665ED1 | 6.474E+02
Ur 1.50E07 | 5.19E04 | 1.51E04 | 2.29ED3 | 9.06ED4 | 3.366E01 | 6.479E+07
Us 5.97E17 | 1.52ED4 | 8.29ED7 | 8.84ED4 | 1.55ED5 | 9.860ED2 | 6.482E+02
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Us 9.84ED1 | 9.79ED1 | 9.78ED1 | 9.81ED1 | 9.82E01 | 9.84ED1 | 9.85H1
Uz 1.62E02 | 1.67ED2 | 1.31H02 | 9.43H03 | 7.20E03 | 5.75ED3 | 4.88ED3
Us 4.18E03 | 7.49ED3 | 5.74E03 | 4.95E03 | 4.08E03 | 3.28ED3
Ua 1.3303 | 3.41E03 | 3.30E03 | 3.01ED3 | 2.68ED3
Us 3.0604 | 1.81ED3 | 2.02ED3 | 2.03ED3
Us 2.99E04 | 9.06ED4 | 1.34ED3
Uz 7.11E05 | 5.19ED4
Us 1.52ED4
MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.84ED1 | 9.79ED1 | 9.78E01 | 9.81ED1 | 9.82ED1 | 9.84E01 | 9.85ED1
Beta 1.62E02 | 2.09E02 | 2.19ED2 | 1.89ED2 | 1.76ED2 | 1.58ED2 | 1.49ED2
Gamma 2.00E01 | 4.02ED1 | 5.01E01 | 5.90ED01 | 6.37ED1 | 6.72ED1
Delta 15101 | 3.93E01 | 5.22E01 | 5.96ED1 | 6.72ED1
Epsilon 8.22E02 | 3.90ED1 | 4.99ED1 | 6.01E01
Mu 1.42E01 | 3.26E01 | 4.97E01
Omega 7.28802 | 3.34H01
Sigma 2.27801
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Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 61.20 91.80 122.40 153.00 183.60 214.20 244.80
Ny 3.0467 2.8150 2.6647 2.9603 3.2024 3.5048 3.7876
N 0.9600 1.7550 1.6335 1.4081 1.3199 1.1988 1.1482
Ns 0.3750 1.2505 0.9806 0.8708 0.8116 0.7380
Ns 0.0625 0.8229 0.7900 0.7181 0.6740
Ns 0.0313 0.5382 0.6455 0.6138
Ns 0.0156 0.3510 0.5168
Ny 0.0078 0.2288
Ne 0.0039
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2114
RH

Components/Pumpfotor-Driven Pump/Centrifugal
Failure Modes/Fail to Run >1fEtandby equipment)
Date Range2006 through 2020

Total Number of IndependeRailure Events95.0

Total Number of CommoRause Failure Event6:

ALPHA FACTOR DISTRIBUTIONS

MOTOR-DRIVEN PUMPS FAIL TO RUN >1H ALL SYSTEMS: ALL-MDP-

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.948312§ 0.9802929 0.984514¢ 0.997834§ 0.980647§ 7.106E+0] 1.429E+0(
Uz 2.16E03 | 1.97ED2 | 1.55E02 | 5.17ED2 | 1.94E02 | 1.429E+0( 7.106E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.950036€ 0.9754021 0.9777594 0.9927186 0.9709597 1.292E+07 3.258E+0(
Uz 4.76E03 | 1.97ED02 | 1.73ED2 | 4.27ED2 | 2.39ED2 | 2.606E+0( 1.298E+0~
Us 6.56E05 | 4.92ED3 | 2.75E03 | 1.71ED2 [ 5.11ED3 | 6.518E01 | 1.318E+0?
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9532224 0.9744424 0.976098] 0.9900205 0.9695645 1.845E+04 4.840E+0(
Uz 4.06ED03 | 1.53E02 | 1.36ED2 | 3.22ED2 | 1.69ED2 | 2.893E+0( 1.865E+02
Us 1.20E03 | 8.73E03 | 7.07ED3 | 2.19ED2 | 1.29ED2 | 1.653E+0( 1.877E+07
Ua 1.38E07 | 1.55ED03 | 3.67ED4 | 7.15ED3 | 6.46ED4 | 2.940801 | 1.891E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.963921] 0.9787739 0.9797793 0.9901863 0.9730215 3.078E+04 6.675E+0(
Uz 3.17E03 | 1.06ED2 | 9.58ED3 | 2.15ED2 | 1.17ED2 | 3.332E+0( 3.111E+0?
Us 1.17E03 | 6.45E03 | 5.44E03 | 1.52ED2 | 8.16ED3 | 2.030E+0( 3.124E+07
Us 3.01E04 | 3.83E03 | 2.85ED3 | 1.07ED2 | 6.85ED3 | 1.205E+0( 3.133E+0?
Us 1.75E15 | 3.43E04 | 3.18H06 | 1.98ED3 | 2.60ED4 | 1.080ED1 | 3.144E+07
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.967093( 0.980221( 0.9810727 0.9904344 0.9753757 3.652E+074 7.369E+0(
V) 2.2303 | 8.11ED3 | 7.25ED3 | 1.69ED2 | 9.20ED3 | 3.021E+0( 3.696E+02
Us 1.04E03 | 5.58E03 | 4.72E03 | 1.30ED2 | 6.07ED3 | 2.078E+0( 3.705E+07
Ua 3.82E04 | 3.72ED3 | 2.88ED3 | 9.93E3 | 5.50ED3 | 1.386E+0( 3.712E+02
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Us 4.72E05 | 2.04E03 | 1.24ED3 | 6.73E03 | 3.75ED3 | 7.5931 | 3.718E+07
Us 7.02E14 | 3.37ED4 | 6.63E06 | 1.91ED3 | 1.09ED4 | 1.254E01 | 3.725E+02
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9724749 0.9825854 0.9831709 0.990691( 0.9776257 5.349E+07 9.480E+0(
Uz 1.94E03 | 6.32E03 | 5.73H03 | 1.27ED2 | 7.19E03 | 3.442E+0( 5.409E+07
Us 1.00E03 | 4.48E03 | 3.89H03 | 9.98ED3 | 4.86ED3 | 2.441E+0( 5.419E+07
Ua 5.13E04 | 3.31ED3 | 2.72EFD3 | 8.10ED3 | 4.30E03 | 1.801E+0( 5.426E+02
Us 1.76ED4 | 2.22ED3 | 1.65E03 | 6.23E03 | 3.87ED3 | 1.211E+0( 5.432E+04
Us 5.93E06 | 9.97ED4 | 4.86ED4 | 3.72ED3 | 2.10ED3 | 5.426E01 | 5.438E+02
Uz 3.15E34 | 7.83E05 | 9.22F11 | 3.89ED4 | 4.68ED5 | 4.261H2 | 5.443E+02
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.974051€ 0.983530( 0.9840745 0.991141(0 0.9793622 5.762E+04 9.649E+0(
Uz 15503 | 5.40E03 | 4.85H03 | 1.11ED2 | 6.04ED3 | 3.166E+0( 5.827E+07
Us 6.98E04 | 3.63E03 | 3.09ED3 | 8.44ED3 | 3.88HD3 | 2.128E+0( 5.837E+02
Ug 4.3604 | 2.96E03 | 2.42E03 | 7.35H03 | 3.55ED3 | 1.736E+0( 5.841E+02
Us 210804 | 2.25E03 | 1.71E03 | 6.11E03 | 3.23ED3 | 1.316E+0( 5.845E+02
Us 5.17ED5 | 1.48EHD3 | 9.65ED4 | 4.66ED3 | 2.72ED3 | 8.665M1 | 5.850E+02
Uy 1.66E07 | 5.75ED4 | 1.67E04 | 2.53E03 | 1.20ED3 | 3.366E01 | 5.855E+07
Us 6.61EL7 | 1.68E04 | 9.17ED7 | 9.78ED4 | 2.05ED5 | 9.860ED2 | 5.858E+02
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Ua 9.80ED1 | 9.75ED1 | 9.74ED1 | 9.79ED01 | 9.80ED1 | 9.83ED1 | 9.84ED1
V) 1.97E02 | 1.97E02 | 1.53H02 | 1.06H02 | 8.11ED3 | 6.32ED3 | 5.40ED3
Us 49203 | 8.73EH03 | 6.45E03 | 5.58E03 | 4.48ED3 | 3.63E03
Us 1.55E03 | 3.83ED3 | 3.72E03 | 3.31ED3 | 2.96ED3
Us 3.4304 | 2.04ED03 | 2.22ED3 | 2.25ED3
Us 3.37E04 | 9.97ED4 | 1.48ED3
Uz 7.83E05 | 5.75ED4
Us 1.68E04
MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.80E01 | 9.75ED1 | 9.74ED1 | 9.79E01 | 9.80ED1 | 9.83ED1 | 9.84HK01
Beta 1.97E02 | 2.46E02 | 2.56E02 | 2.12E02 | 1.98ED2 | 1.74ED2 | 1.65E02
Gamma 2.00E01 | 4.02ED1 |5.01E01 | 5.90ED1 | 6.37ED1 | 6.72E01
Delta 151801 | 3.93E01 | 5.22ED1 | 5.96ED1 | 6.72E01
Epsilon 8.22E02 | 3.90E01 [ 4.99ED1 | 6.01ED1
Mu 1.42E01 | 3.26E01 | 4.97E01
Omega 7.28602 | 3.34E01
Sigma 2.27801
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Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 45.60 68.40 91.20 114.00 136.80 159.60 182.40
Ny 3.0467 2.8150 2.6647 2.9603 3.2024 3.5048 3.7876
N 0.9600 1.7550 1.6335 1.4081 1.3199 1.1988 1.1482
Ne 0.3750 1.2505 0.9806 0.8708 0.8116 0.7380
Ny 0.0625 0.8229 0.7900 0.7181 0.6740
Ns 0.0313 0.5382 0.6455 0.6138
Ns 0.0156 0.3510 0.5168
Ny 0.0078 0.2288
Ne 0.0039
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2.1.1.5

Failure Modes/Fail to RufNormally running equipment)

MOTOR-DRIVEN PUMPS FAIL TO RUN NORMALLY RUNNING
SYSTEMS: ALL-MDP-FR-NR

Components/Pumpfotor-Driven Pump

Date Range2006 through 2020

Total Number of Independent Failure Everit34.5

Total Number of CommoRause Failure Events:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9537874 0.9794679 0.9822507 0.9956415 0.9794537 1.098E+04 2.302E+0(
Uz 4.36ED03 | 2.05ED2 | 1.78ED2 | 4.62ED2 | 2.05E02 | 2.302E+0( 1.098E+0~
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9551773 0.975794¢9 0.9774387 0.9908073 0.9735037 1.866E+04 4.628E+0(
Uz 5.29E03 | 1.75ED2 | 1.59ED2 | 3.54ED2 | 1.89ED2 | 3.351E+0( 1.878E+02
Us 5.9004 | 6.68ED3 | 5.06ED3 | 1.83E02 | 7.57ED3 | 1.277E+0( 1.899E+02
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.958964¢ 0.9760713 0.977252§ 0.989147]1 0.9742305 2.608E+04 6.394E+0(
Uz 5.17E03 | 1.50ED2 | 1.38ED2 | 2.89ED2 | 1.57ED2 | 4.010E+0( 2.632E+0?
Us 8.49ED4 | 6.18ED3 | 5.00ED3 | 1.56H02 | 7.16ED3 | 1.652E+0( 2.655E+02
Ua 5.58E05 | 2.74ED3 | 1.64ED3 | 9.16ED3 | 2.86ED3 | 7.315E01 | 2.665E+02
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9668479 0.9794989 0.9802695 0.989512]1 0.976961§ 4.029E+07 8.432E+0(
Uz 3.74E03 | 1.04ED2 | 9.62ED3 | 1.97ED2 | 1.08ED2 | 4.278E+0( 4.070E+0?
Us 1.55E03 | 6.40ED3 | 5.62ED3 | 1.39ED2 | 7.30ED3 | 2.632E+0( 4.087E+07
Us 2.24H04 | 2.90E03 | 2.15ED03 | 8.16HD3 | 3.74ED3 | 1.195E+0( 4.101E+0?
Us 1.80ED7 | 7.94E04 | 2.21E04 | 3.53E03 | 1.15ED3 | 3.267E01 | 4.110E+07
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.969794¢ 0.980950€¢ 0.9816017 0.9898827% 0.9789131 4.791E+04 9.304E+0(
V) 25903 | 7.82E03 | 7.16ED3 | 1.53H)2 | 8.16ED3 | 3.817E+0( 4.846E+02
Us 1.56E03 | 5.91E03 | 5.25E03 | 1.25ED2 | 6.47ED3 | 2.886E+0( 4.855E+07
Ua 447804 | 3.34E03 | 2.69E03 | 8.44H)3 | 3.98ED3 | 1.629E+0( 4.868E+02
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Us 3.15E05 | 1.51ED3 | 9.06ED4 | 5.04ED3 | 1.99ED3 | 7.367ED1 | 4.877E+02
Us 3.94H09 | 4.81ED4 | 7.36ED5 | 2.37ED3 | 4.82ED4 | 2.348E01 | 4.882E+02
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9739485 0.9828634 0.9833325 0.9901634 0.980467§ 6.675E+04 1.164E+0]
Uz 2.18E03 | 6.16ED3 | 5.68ED3 | 1.18H02 | 6.44ED3 | 4.184E+0( 6.749E+02
Us 1.46E03 | 4.89ED3 | 4.42H03 | 9.96ED3 | 5.62E03 | 3.324E+0( 6.758E+07
Ua 6.74E04 | 3.30ED3 | 2.83ED3 | 7.55ED3 | 3.85HD3 | 2.243E+0( 6.769E+02
Us 1.68E04 | 1.89ED3 | 1.43ED3 | 5.18H03 | 2.38ED3 | 1.282E+0( 6.779E+04
Us 3.20806 | 7.48ED4 | 3.45ED4 | 2.86ED3 | 1.05ED3 | 5.080ED1 | 6.786E+02
Uz 3.80EL7 | 1.43ED4 | 7.20ED07 | 8.33E04 | 2.07ED4 | 9.730ED2 | 6.790E+0?2
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.975487¢ 0.9837931 0.9842243 0.9906114 0.9817911 7.275E+04 1.199E+0]
Uz 1.70E03 | 5.14E03 | 4.70E03 | 1.01ED2 | 5.19ED3 | 3.803E+0( 7.357E+07
Us 1.16ED3 | 4.15ED3 | 3.72E03 | 8.64H03 | 4.89ED3 | 3.072E+0( 7.364E+0
Ug 6.51E04 | 3.10E03 | 2.67ED3 | 7.04E03 | 3.59ED3 | 2.296E+0( 7.372E+02
Us 2.58E04 | 2.09E03 | 1.66ED3 | 5.38E03 | 2.45ED3 | 1.545E+0( 7.380E+02
Us 3.75E05 | 1.15H03 | 7.40ED4 | 3.64ED3 | 1.45E03 | 8.474E1 | 7.387E+02
Uy 3.83EH08 | 4.01ED4 | 9.58ED5 | 1.84HD3 | 5.48ED4 | 2.963E01 | 7.392E+02
Us 3.91E14 | 1.70ED4 | 3.42ED6 | 9.66ED4 | 9.09ED5 | 1.259ED1 | 7.394E+02
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Ua 9.79ED1 | 9.76ED1 | 9.76ED1 | 9.79ED1 | 9.81ED1 | 9.83ED1 | 9.84ED1
V) 2.05E02 | 1.75ED02 | 1.50ED2 | 1.04ED2 | 7.82H03 | 6.16ED3 | 5.14E03
Us 6.68E03 | 6.18ED3 | 6.40ED3 | 5.91ED3 | 4.89ED3 | 4.15K03
Us 2.74E03 | 2.90E03 | 3.34E03 | 3.30ED3 | 3.10ED3
Us 7.94804 | 1.51E03 | 1.89ED3 | 2.09ED3
Us 4.81E04 | 7.48E04 | 1.15E03
Uz 1.43E04 | 4.01ED4
Us 1.70ED4
MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.79E01 | 9.76ED1 | 9.76ED1 | 9.79ED01 | 9.81ED1 | 9.83ED1 | 9.84HK01
Beta 2.05H02 | 2.42E02 | 2.39ED2 | 2.05E02 | 1.90E02 | 1.71ED2 | 1.62ED2
Gamma 2.76E01 | 3.73ED1 | 4.93E01 | 5.90E01 | 6.40ED1 | 6.83E01
Delta 3.07E01 | 3.66ED01 | 4.74E01 | 5.54E01 | 6.25E01
Epsilon 2.15801 | 3.74E01 | 4.57ED1 | 5.51ED1
Mu 2.42E01 | 3.21E01 | 4.51E01
Omega 1.61E01 | 3.33E01
Sigma 2.9861
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Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=h | CCCG=6 | CCCG=7 | CcCcCC=8
Impact
Vector

84.06 126.09 168.13 210.16 252.19 294.22 336.25

3.3333 2.5000 2.0000 1.8750 1.6875 1.4766 1.2656

1.8333 2.5000 2.7500 2.3542 2.1163 1.9408 1.7844

1.0000 1.2500 1.5833 1.6788 1.6944 1.6812

0.5000 0.8125 1.0330 1.1597 1.2338

0.2500 0.5156 0.7167 0.8429

0.1250 0.3164 0.4977

0.0625 0.1885

F|FFFEFEFE
Z

0.0313
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2.1.1.6

Systems/Clean Water/Containment spray recirculation

MOTOR-DRIVEN PUMPS FAIL TO START STANDBY SYSTEMS: ALL-
MDP-FS-NS

Systems/Clean Water/Auxiliary feedwater

Systems/Clean Water/High pressure coolant injection
Systems/Clean Water/High pressure core spray
Systems/Clean Water/High pressure injection
Systems/Clean Water/Istion condenser
Systems/Clean Water/Low pressure core spray
Systems/Clean Water/Reactor core isolation
Systems/Clean Water/Residual Heat Removal (LCI in BWRs; LPIl in PWRS)
Systems/Clean Water/Standby liquid control
Systems/Electrical/Emergency power supply
Systems/Electrical/Fuel Oil Transfer
Systems/Other
Systems/Raw Water/Standby service water
Components/Pumpfotor-Driven Pump/Centrifugal

Failure Modes/Fail to StafNormally standby equipment)

Date Range2006 though 2020

Total Number of Independent Failure Ever2s4.8

Total Number of CommoRause Failure Events:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

Ua 0.9668339 0.9863502 0.9886941 0.997839( 0.987764€ 1.315E+074 1.820E+0(
V) 2.16E03 | 1.36ED2 | 1.13ED2 | 3.32ED2 | 1.22ED2 | 1.820E+0( 1.315E+02
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

Ua 0.972477( 0.986904( 0.9883264 0.996480( 0.9890525 2.209E+04 2.932E+0(
Uz 8.32ED4 | 6.83H03 | 5.43E03 | 1.76ED2 | 4.12E03 | 1.530E+0( 2.223E+0?
Us 6.58E04 | 6.26ED3 | 4.87ED3 | 1.66H02 | 6.83ED3 | 1.402E+0( 2.225E+0?
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

Ua 0.974363( 0.9865537 0.987583] 0.9952289 0.9895173 3.073E+04 4.188E+0(
V) 1.47E03 | 7.20E03 | 6.17H03 | 1.64E02 | 4.49E03 | 2.242E+0( 3.092E+07
Us 2.6504 | 3.70E03 | 2.71E03 | 1.05H02 | 3.43ED3 | 1.152E+0( 3.103E+0?
Ua 6.83E05 | 2.55E03 | 1.59ED3 | 8.28ED3 | 2.57ED3 | 7.94001 | 3.107E+0?
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b
Factor
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Uy 0.9773305 0.9869659 0.9876579 0.9942564 0.9902637 4.611E+04 6.090E+0(
Uz 1.75E03 | 6.42E03 | 5.73E03 | 1.34ED2 | 3.94ED3 | 2.999E+0( 4.642E+07
Us 5.16E04 | 3.63E03 | 2.95ED3 | 9.06ED3 | 2.37ED3 | 1.695E+0( 4.655E+0?2
Us 1.25E04 | 2.22E03 | 1.57E03 | 6.56E03 | 2.40ED03 | 1.038E+0( 4.662E+07
Us 3.60ED7 | 7.66ED4 | 2.43ED4 | 3.31E03 | 1.03ED3 | 3.580ED1 | 4.669E+02
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9791645 0.9877093 0.988291§ 0.9942746 0.9908281 5.492E+04 6.834E+0(
Uz 1.35E03 | 5.15ED03 | 4.57E03 | 1.09ED2 | 3.55ED3 | 2.863E+0( 5.531E+07
Us 5.09804 | 3.26ED3 | 2.68ED3 | 7.96E03 | 1.85ED3 | 1.811E+0( 5.542E+0?
Us 1.76E04 | 2.19E03 | 1.63E03 | 6.12E03 | 1.91ED3 | 1.219E+0( 5.548E+07
Us 2.05ED05 | 1.24E03 | 7.17ED4 | 4.24E03 | 1.43ED3 | 6.898ED1 | 5.553E+02
Us 7.75E09 | 4.50ED4 | 7.90ED5 | 2.18ED3 | 4.30ED4 | 2.504E01 | 5.558E+0?
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9809033 0.9880362 0.9884649 0.9937189 0.991266§ 7.494E+074 9.074E+0(
Uz 1.44E03 | 4.62E03 | 4.19H03 | 9.27ED3 | 3.31ED3 | 3.506E+0( 7.549E+07
Us 5.87E04 | 2.92E03 | 2.50ED3 | 6.70E03 | 1.54ED3 | 2.214E+0( 7.562E+0?
Ua 29504 | 2.17ED3 | 1.75ED3 | 5.48E03 | 1.48ED3 | 1.646E+0( 7.568E+02
Us 9.53E05 | 1.46ED3 | 1.05ED3 | 4.22ED3 | 1.42ED3 | 1.107E+0( 7.573E+02
Us 2.48E06 | 6.54ED4 | 2.96ED4 | 2.52ED3 | 8.00ED4 | 4.963E1 | 7.579E+0?
Uz 3.37El6 | 1.39ED4 | 1.10ED6 | 8.02ED4 | 1.85ED4 | 1.051ED1 | 7.583E+02
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9820983 0.9887143 0.989101€¢ 0.9940044 0.9916107 8.212E+04 9.373E+0(
Uz 1.24E03 | 4.09ED03 | 3.70E03 | 8.28ED3 | 3.18ED3 | 3.399E+0( 8.271E+07
Us 41304 | 2.37ED3 | 1.98E03 | 5.64E03 | 1.33ED3 | 1.968E+0( 8.286E+02
Us 2.37E04 | 1.89ED3 | 1.50ED3 | 4.84ED3 | 1.16ED3 | 1.566E+0( 8.290E+0?
Us 1.25E04 | 1.50E03 | 1.12ED3 | 4.15E03 | 1.24ED3 | 1.242E+0( 8.293E+07
Us 22705 | 9.30ED4 | 5.72ED4 | 3.05ED3 | 9.71ED4 | 7.720ED1 | 8.298E+02
Uy 3.30E08 | 3.56ED4 | 8.45ED5 | 1.63ED3 | 4.31ED4 | 2.953E)1 | 8.302E+0?
Us 7.15F14 | 1.56ED4 | 3.60ED6 | 8.83ED4 | 8.09ED5 | 1.298ED1 | 8.304E+02
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2| CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Factor

Uy 9.86ED1 | 9.87ED1 | 9.87ED1 | 9.87ED1 | 9.88E01 | 9.88E01 | 9.89ED1
V) 1.36E02 | 6.83E03 | 7.20ED3 | 6.42ED3 | 5.15E03 | 4.62ED3 | 4.09ED3
Us 6.26ED3 | 3.70ED3 | 3.63ED3 | 3.26ED3 | 2.92ED3 | 2.37ED3
Us 2.55E03 | 2.22E03 | 2.19ED3 | 2.17ED3 | 1.89ED3
Us 7.66E04 | 1.24ED3 | 1.46ED03 | 1.50ED3
Us 4.50E04 | 6.54E04 | 9.30ED4
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Uy 1.39ED4 | 3.56ED4
Us 1.56E04
MGL CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
1-Beta 9.86ED1 | 9.87ED1 | 9.87ED1 | 9.87ED1 | 9.88ED1 | 9.88ED1 | 9.89HD1
Beta 1.36E02 | 1.31802 | 1.34ED2 | 1.30ED2 | 1.23E02 | 1.20ED2 | 1.13E)2
Gamma 4.78E01 | 4.65E01 | 5.08E01 | 5.81ED1 | 6.14E01 | 6.37ED1
Delta 4.08ED1 | 4.52E01 | 5.44E01 | 6.02ED1 | 6.71E01
Epsilon 25681 | 4.35E01 | 5.09ED1 | 6.098)1
Mu 2.66E01 | 3.52E01 | 4.91E01
Omega 1.75E01 | 3.55E01
Sigma 3.05E01
Avg. CCCG=2| CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 107.28 160.93 214.57 268.21 321.85 375.49 429.14

Nu 1.7976 2.0179 2.0357 2.0908 2.0997 2.0674 1.9958

N 1.3512 0.6786 0.9821 1.0744 1.1620 1.2624 1.3810

Ns 1.1250 0.7500 0.6458 0.6042 0.5848 0.5779

Ny 0.5625 0.6563 0.6233 0.5628 0.5040

Ns 0.2813 0.4688 0.5414 0.5397

Ns 0.1406 0.3047 0.4223

N 0.0703 0.1875

Ne 0.0352
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2117

Failure Modes/Fail to Sta(Normally running equipment)

MOTOR-DRIVEN PUMPS FAIL TO START NORMALLY RUNNING
SYSTEMS: ALL-MDP-FS-NR

Systems/Clean Water/Chemical and volume control
Systems/ClealVater/Component cooling water

Systems/Clean Water/Condensate system
Systems/Clean Water/Condensate transfer system
Systems/Clean Water/Main feedwater
Systems/Clean Water/Reactor coolant
Systems/Raw Water/Circulating water system
Systems/Raw Water/Firewater
Systems/Raw Water/Generic dirty water system for relief valves
Systems/Raw Water/Normally operating service water
Systems/Reactor/Control rod drive
Components/Pumplotor-Driven Pump/Centrifugal

DateRange2006 through 2020

Total Number of Independent Failure Everitgi.1

Total Number of Commoause Failure Event8:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

U 0.9763295 0.9935245 0.996698¢ 0.999953¢ 0.99844564 8.741E+0] 5.69781
V) 4.88H05 | 6.48ED3 | 3.30ED3 | 2.37HD2 | 1.55ED3 | 5.697ED1 | 8.741E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

Ua 0.9759139 0.9908584 0.992844( 0.999000(¢ 0.9968863 1.552E+04 1.432E+0(
V) 5.31E04 | 7.37E03 | 54103 | 2.096D2 | 3.11E03 | 1.155E+0( 1.554E+0?2
Us 8.79E08 | 1.77ED3 | 3.77ED4 | 8.29ED3 | 0.00E+00| 2.768ED1 | 1.563E+02
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

Ua 0.975214( 0.9887537 0.990184€ 0.9974073 0.9953222 2.199E+07 2.501E+0(
Uz 1.37E03 | 8.40E03 | 6.97ED3 | 2.03E02 | 4.68E03 | 1.867E+0( 2.205E+07
Us 1.96E06 | 1.81ED3 | 6.63E04 | 7.50E03 | 0.00E+00| 4.024E01 | 2.220E+07
Ua 7.20E09 | 1.04E03 | 1.55E04 | 5.15ED3 | 0.00E+00| 2.315E01 | 2.221E+0?
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b
Factor

Us 0.977229] 0.987995( 0.988892€¢ 0.9956839 0.9947834 3.520E+04 4.277E+0(
U 1.86E03 | 7.54E03 | 6.64E03 | 1.63E02 | 4.70ED3 | 2.686E+0( 3.536E+07
Us 2.1904 | 3.18E03 | 2.31E03 | 9.10ED3 | 5.14E04 | 1.132E+0( 3.552E+0?
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Us 8.15ED07 | 1.07ED3 | 3.69ED4 | 4.53E03 | 0.00E+00| 3.822E01 | 3.559E+02
Us 1.87E20 | 2.15ED4 | 2.00ED7 | 1.25ED3 | 0.00E+00| 7.674E2 | 3.562E+07
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9786371 0.9883217 0.9890797 0.9954095 0.9942943 4.183E+04 4.943E+0(
Uz 1.50E03 | 6.21E03 | 5.45H03 | 1.35ED2 | 4.78ED3 | 2.629E+0( 4.206E+07
Us 3.28604 | 3.25ED3 | 2.50ED3 | 8.69ED3 | 8.58ED4 | 1.374E+0( 4.219E+0?
Ua 14605 | 1.44ED3 | 7.68ED4 | 5.15ED3 | 7.15ED5 | 6.098ED1 | 4.227E+07
Us 2.04ED9 | 5.22ED4 | 6.98ED5 | 2.62ED3 | 0.00E+00| 2.211E01 | 4.230E+0~
Us 2.04EL5 | 2.59ED4 | 2.62E06 | 1.50E03 | 0.00E+00| 1.098ED1 | 4.232E+0?
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9801603 0.988183( 0.9887197 0.9943811 0.993864( 5.968E+04 7.136E+0(
Uz 1.66E03 | 5.53E03 | 5.00E03 | 1.12ED2 | 4.85ED3 | 3.342E+0( 6.006E+07
Us 5.1104 | 3.11E03 | 2.58ED3 | 7.52E03 | 1.10ED3 | 1.878E+0( 6.020E+02
Us 1.25E04 | 1.86ED3 | 1.35ED3 | 5.34E03 | 1.74E04 | 1.122E+0( 6.028E+07
Us 6.92E06 | 9.40ED4 | 4.75ED4 | 3.45H03 | 1.02ED5 | 5.677ED1 | 6.033E+02
Us 1.74E10 | 3.17E04 | 2.93E05 | 1.65ED3 | 0.00E+00| 1.916E01 | 6.037E+07
Uz 3.95H41 |5.76E05 | 2.14F12 | 2.53E04 | 0.00E+00| 3.480E02 | 6.039E+0~
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.981133% 0.988675¢ 0.9891675 0.9945299 0.9934893 6.468E+04 7.408E+0(
Uz 1.49E03 | 5.03ED3 | 4.53E03 | 1.03E02 | 4.92ED3 | 3.290E+0( 6.509E+07
Us 3.81E04 | 2.63E03 | 2.14ED3 | 6.53E03 | 1.27E03 | 1.718E+0( 6.525E+0?
Us 1.20E04 | 1.74E03 | 1.26H03 | 4.97ED3 | 2.87ED4 | 1.136E+0( 6.531E+07
Us 2.00ED5 | 1.09ED3 | 6.39ED4 | 3.68ED3 | 3.28ED5 | 7.111ED1 | 6.535E+07
Us 2.12E07 | 5.35ED4 | 1.64ED4 | 2.33E03 | 1.49E06 | 3.501E01 | 6.538E+02
Uy 8.06El6 | 1.65ED4 | 1.51ED6 | 9.52ED4 | 0.00E+00| 1.078ED1 | 6.541E+0?
Us 1.68EL7 | 1.45ED4 | 6.13E07 | 8.43E04 | 0.00E+00| 9.469ED2 | 6.541E+07
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Ua 9.94ED1 | 9.91ED1 | 9.89ED1 | 9.88ED1 | 9.88ED1 | 9.88ED01 | 9.89ED1
V) 6.48E03 | 7.37E03 | 8.40ED3 | 7.54E03 | 6.21H)3 | 5.53E03 | 5.03E03
Us 1.77E03 | 1.81E03 | 3.18E03 | 3.25E03 | 3.11ED3 | 2.63ED3
Ua 1.04E03 | 1.07E03 | 1.44E03 | 1.86ED3 | 1.74ED3
Us 2.15E04 | 5.22ED04 | 9.40ED4 | 1.09ED3
Us 2.59E04 | 3.17ED4 | 5.35ED4
Uz 5.76E05 | 1.65ED4
Us 1.45ED4
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MGL CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
1-Beta 9.94E01 | 9.91E01 | 9.89ED1 | 9.88ED1 | 9.88ED1 | 9.88ED1 | 9.89ED1
Beta 6.48E03 | 9.14ED3 | 1.12ED2 | 1.20ED2 | 1.17ED2 | 1.18ED2 | 1.13ED2
Gamma 1.9301 | 25301 | 3.72E01 | 4.68H01 | 5.32ED1 | 5.56E01
Delta 3.65E01 | 2.88E01 | 4.06ED01 | 5.05E01 | 5.83ED01
Epsilon 1.67E01 | 3.52E01 | 4.14ED1 | 5.27E01
Mu 3.32E01 | 2.85E01 | 4.37ED1
Omega 1.54E01 | 3.66ED1
Sigma 4.68601
Avg. CCCG=2| CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 63.70 95.55 127.40 159.25 191.10 222.95 254.80

Nu 1.2976 1.6429 1.7857 1.9345 2.0060 2.0127 1.9645

N 0.1012 0.3036 0.6071 0.7619 0.9276 1.0984 1.2716

Ns 0.0000 0.0000 0.0833 0.1667 0.2488 0.3279

Na 0.0000 0.0000 0.0139 0.0394 0.0743

Ns 0.0000 0.0000 0.0023 0.0085

Ns 0.0000 0.0000 0.0004

Ny 0.0000 0.0000

Ns 0.0000
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2.1.2
2.1.2.1

Pooled Pump Volutes
CLEAN SYSTEM PUMP VOLUTES FAIL TO RUN: CLN-PMP-FR

Systems/Clean Water/Auxiliary feedwater
Systems/Clean Water/Chemical and volume control
Systems/Clean Water/Component cooling water

Systems/Clean Water/Containment spray recirculation

Systems/Clean Water/Low pressure core spray
Systems/Clean Water/Residual Heat Removal (LCI in BWR§jn PWRS)
Systems/Clean Water/Standby liquid control
Components/Pump/Engine Driven Pump/Centrifugal/Pump

Components/Pumplotor-Driven Pump/Centrifugal/Pump

Components/PumpurbineDriven Pump/Centrifugal/Pump

Failure Mode#-ail to Run (Normally running equipment)

Failure Modes/Fail to Run <1H
Failure Mode&-ail to Run > 1H (Standby equipment)
Date Range2006 through 2020

Total Number of Independent Failure Eversis:1

Total Number of Commoause Failure Event6:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9751704 0.9936669 0.9972662 0.999980€ 1.000000( 7.351E+0] 4.68501
Uz 1.76ED5 | 6.33E03 | 2.74H03 | 2.48E02 | 0.00E+00| 4.68581 | 7.351E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9707595 0.9897644 0.9925337 0.9992943 1.000000( 1.091E+07 1.128E+0(
Uz 2.58H04 | 7.72E03 | 5.02E03 | 2.44E02 | 0.00E+00| 8.512ED1 | 1.094E+0?
Us 1.25E07 | 2.51E03 | 5.36H04 | 1.18ED2 | 0.00E+00| 2.768E1 | 1.099E+07
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9683787 0.986819¢ 0.9890007 0.9977994 1.000000¢ 1.418E+024 1.894E+0(
V) 7.56E04 | 8.77ED3 | 6.62E03 | 2.41E)2 | 0.00E+00| 1.260E+0( 1.424E+0?
Us 3.04E06 | 2.80E03 | 1.03ED3 | 1.16ED2 | 0.00E+00| 4.024E01 | 1.433E+0?2
Ua 1.12E08 | 1.61E03 | 2.40E04 | 7.98ED3 | 0.00E+00| 2.315801 | 1.434E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.971886( 0.9860123 0.9873131 0.995707( 1.0000000 2.419E+07 3.432E+0(
Uz 1.3303 | 7.84E03 | 6.55E03 | 1.88ED2 | 0.00E+00| 1.924E+0( 2.434E+07
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Us 247804 | 4.28E03 | 3.03ED3 | 1.26E02 | 0.00E+00| 1.049E+0( 2.443E+02
Us 1.18E06 | 1.56ED3 | 5.37ED4 | 6.57E03 | 0.00E+00| 3.822B1 | 2.450E+04
Us 2. 7220 | 3.13E04 | 2.91ED7 | 1.82E03 | 0.00E+00| 7.674ED2 | 2.453E+0?
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9732974 0.9863114 0.987454( 0.995430( 1.000000(0 2.763E+04 3.835E+0(
Uz 8.70ED4 | 6.07ED3 | 4.94E03 | 1.51E02 | 0.00E+00| 1.701E+0( 2.785E+0?2
Us 3.4004 | 4.31E03 | 3.20ED3 | 1.21E)2 | 0.00E+00| 1.207E+0( 2.789E+0?2
Us 1.95605 | 2.13E03 | 1.12E03 | 7.67ED3 | 0.00E+00| 5.960801 | 2.796E+07
Us 3.09K09 | 7.89ED4 | 1.06ED4 | 3.96ED3 | 0.00E+00| 2.211E01 | 2.799E+0?
Us 3.08EL5 | 3.92ED4 | 3.97ED6 | 2.26ED3 | 0.00E+00| 1.098ED1 | 2.800E+0?
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9763605 0.9865919 0.987344€ 0.9942644 1.0000000 4.229E+04 5.747E+0(
Uz 1.07E03 | 5.23E03 | 4.49H03 | 1.19ED2 | 0.00E+00| 2.243E+0( 4.264E+07
Us 5.1004 | 3.80ED3 | 3.06ED3 | 9.62ED3 | 0.00E+00| 1.630E+0( 4.270E+02
Ug 15704 | 2.53803 | 1.81H03 | 7.35ED3 | 0.00E+00| 1.083E+0( 4.276E+07
Us 9.53H06 | 1.32ED3 | 6.65ED4 | 4.85E03 | 0.00E+00| 5.654E01 | 4.281E+0?
Us 2.45E10 | 44704 | 4.13E05 | 2.33E03 | 0.00E+00| 1.916E01 | 4.285E+0?2
Uy 5.56K1 | 8.12ED5 | 3.02E12 | 3.56H04 | 0.00E+00| 3.480ED2 | 4.286E+02
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9773904 0.9871867 0.9879097 0.994525§ 1.0000000 4.411E+04 5.726E+0(
Uz 8.14E04 | 4.52ED3 | 3.80ED3 | 1.07ED2 | 0.00E+00| 2.018E+0( 4.448E+0?2
Us 3.2104 | 3.11E03 | 2.41E03 | 8.30ED3 | 0.00E+00| 1.391E+0( 4.455E+0?
Ua 1.41E04 | 2.38ED3 | 1.69ED3 | 6.96ED3 | 0.00E+00| 1.062E+0( 4.458E+07
Us 27705 | 1.57E03 | 9.18ED4 | 5.34ED3 | 0.00E+00| 7.026E01 | 4.461E+0?2
Us 3.07E07 | 7.83E04 | 2.40ED4 | 3.40ED3 | 0.00E+00| 3.497ED1 | 4.465E+02
Uz 1.18E15 | 2.41ED4 | 2.21E06 | 1.39E03 | 0.00E+00| 1.078E1 | 4.467E+0
Us 247EL7 | 2.12ED4 | 8.98ED7 | 1.23ED3 | 0.00E+00| 9.469ED2 | 4.468E+0?2
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Us 9.94ED1 | 9.90ED1 | 9.87ED1 | 9.86ED1 | 9.86E01 | 9.87HD1 | 9.87H1
Uz 6.33E03 | 7.72E03 | 8.77ED3 | 7.84ED3 | 6.07E03 | 5.23E03 | 4.52E03
Us 2.51E03 | 2.80E03 | 4.28H03 | 4.31E03 | 3.80ED3 | 3.11ED3
Ua 1.61E03 | 1.56ED3 | 2.13E03 | 2.53H03 | 2.38E03
Us 3.13E04 | 7.89ED4 | 1.32H03 | 1.57ED3
Us 3.92E04 | 4.47E04 | 7.83ED4
Uy 8.12ED5 | 2.41ED4
Us 2.12E04
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MGL CCCG=2| CCCG=3| CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1-Beta 9.94E01 | 9.90ED1 | 9.87ED1 | 9.86E01 | 9.86ED1 | 9.87H1 | 9.87H)1
Beta 6.33E03 | 1.02E02 | 1.32ED2 | 1.40ED2 | 1.37ED2 | 1.34ED2 | 1.28ED2
Gamma 245801 | 3.35ED1 | 4.39ED1 | 5.56H01 | 6.10ED1 | 6.48H1
Delta 3.66E01 | 3.04E01 | 4.34ED1 | 5.35E01 | 6.25ED1
Epsilon 1.67E01 | 3.57ED1 | 4.22E01 | 5.42E01
Mu 3.32801 | 2.86ED1 | 4.40801
Omega 1.54E01 | 3.67H01
Sigma 4.68E01
Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=H | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 51.10 51.10 51.10 51.10 51.10 51.10 51.10
Ny 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ny 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000
N 0.0000 0.0000
3 0.0000
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2.1.3

2131
FS

Pooled Clean System Motor-Driven Pumps
CLEAN SYSTEM MOTOR-DRIVEN PUMPS FAIL TO START: CLN-MDP-

Systems/Clean Water
Components/Punimotor-Driven Pump/Centrifugal
Failure Modes/Fail to Start

Date Range2006 through 2020

Total Number of Independent Failure Everi33.3

Total Number ofCommonCause Failure Eventg:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.968499€¢ 0.9872785 0.9895907 0.9981389 0.9888599 1.334E+04 1.719E+0(
Uz 1.86E03 | 1.27ED2 | 1.04ED2 | 3.15E02 | 1.11ED2 | 1.719E+0( 1.334E+07
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.974824€ 0.988405¢ 0.9898117 0.997189¢ 0.991048( 2.240E+04 2.628E+0(
Uz 4.41E04 | 541E03 | 4.04E03 | 1.51ED2 | 2.24E03 | 1.226E+0( 2.254E+02
Us 6.49E04 | 6.18ED3 | 4.81ED3 | 1.64ED2 | 6.71ED3 | 1.402E+0( 2.253E+02
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.977418( 0.988646€ 0.989665]1 0.996399¢ 0.9924277 3.118E+04 3.581E+0(
Uz 6.99E04 | 5.18E03 | 4.18E03 | 1.31ED2 | 1.68ED3 | 1.635E+0( 3.138E+0~
Us 2.61E04 | 3.65E03 | 2.67ED3 | 1.04E02 | 3.37ED3 | 1.152E+0( 3.143E+0?
Us 6.75E05 | 2.52E03 | 1.57E03 | 8.18HD3 | 2.52ED3 | 7.94001 | 3.146E+0?
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9799791 0.9888974 0.9895823 0.9954814 0.993482§ 4.671E+04 5.245E+0(
Uz 9.65E04 | 4.73E03 | 4.06ED3 | 1.08E02 | 1.12ED3 | 2.237E+0( 4.701E+0?
Us 45004 | 3.41ED3 | 2.74E03 | 8.66H03 | 2.02ED3 | 1.612E+0( 4.708E+0?
Ua 1.24E04 | 2.20E03 | 1.55H03 | 6.49ED3 | 2.36ED3 | 1.038E+0( 4.713E+07
Us 3.56H07 | 7.58E04 | 2.40ED04 | 3.27E03 | 1.01ED3 | 3.580ED1 | 4.720E+0?
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.982022( 0.989819€¢ 0.9903967 0.9956587% 0.9943285 5.567E+04 5.726E+0(
V) 5.88E04 | 3.44E03 | 2.87ED3 | 8.24H03 | 7.03ED4 | 1.935E+0( 5.605E+02
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Us 3.97ED4 | 2.92E03 | 2.36ED3 | 7.38ED3 | 1.31E03 | 1.645E+0( 5.608E+02
Us 1.68E04 | 2.14ED3 | 1.59E03 | 6.01E03 | 1.83ED3 | 1.205E+0( 5.612E+04
Us 2.02E05 | 1.23E03 | 7.08ED4 | 4.19HD3 | 1.41ED3 | 6.898ED1 | 5.617E+0?
Us 7.66E09 | 44504 | 7.81ED5 | 2.15ED3 | 4.22E04 | 2.504B01 | 5.622E+02
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.983415( 0.9899694 0.990395( 0.9950789 0.9950141 7.585E+04 7.685E+0(
Uz 6.93E04 | 3.14E03 | 2.72E03 | 7.03ED3 | 4.22E04 | 2.407E+0( 7.637E+0?2
Us 44704 | 2.57H03 | 2.15E03 | 6.11ED3 | 8.64ED4 | 1.965E+0( 7.642E+07
Ug 2.7504 | 2.10E03 | 1.68ED3 | 5.33E03 | 1.35ED3 | 1.606E+0( 7.645E+02
Us 9.37ED5 | 1.44E03 | 1.04E03 | 4.17ED3 | 1.39ED3 | 1.104E+0( 7.650E+0?2
Us 2.45E06 | 6.48E04 | 2.93ED4 | 2.49ED3 | 7.84ED4 | 4.96301 | 7.656E+02
Uy 3.34E16 | 1.37ED4 | 1.09ED6 | 7.94E04 | 1.81ED4 | 1.051ED1 | 7.660E+02
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9848533 0.990840] 0.9912244 0.995507] 0.9955729 8.319E+04 7.690E+0(
Uz 4.8604 | 2.53E03 | 2.15H03 | 5.89H03 | 2.46ED4 | 2.127E+0( 8.374E+02
Us 2.64EH04 | 1.95E03 | 1.58ED3 | 4.94H03 | 5.63E04 | 1.641E+0( 8.379E+02
Us 2.07E04 | 1.78H03 | 1.40ED3 | 4.63ED3 | 9.68ED4 | 1.492E+0( 8.381E+02
Us 1.21E04 | 1.47803 | 1.10E03 | 4.09ED3 | 1.20ED3 | 1.234E+0( 8.383E+07
Us 22405 | 9.19ED4 | 5.66ED4 | 3.02ED3 | 9.51ED4 | 7.716ED1 | 8.388E+02
Uz 3.26E08 | 3.52HD4 | 8.36ED5 | 1.62ED3 | 4.22ED04 | 2.95301 | 8.393E+02
Us 7.07E14 | 1.55ED4 | 3.56E06 | 8.73E04 | 7.92ED5 | 1.298ED1 | 8.394E+02
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Uy 9.87ED1 | 9.88ED1 | 9.89ED1 | 9.89ED1 | 9.90ED1 | 9.90ED1 |9.91E1
Uz 1.2702 | 5.41E03 |5.18H03 | 4.73E03 | 3.44E03 | 3.14ED3 | 2.53E03
Us 6.18E03 | 3.65ED3 | 3.41ED3 | 2.92ED3 | 2.57ED3 | 1.95H03
Us 2.52E03 | 2.20E03 | 2.14E03 | 2.10ED3 | 1.78ED3
Us 7.58E04 | 1.23E03 | 1.44H03 | 1.47E03
Us 44504 | 6.48ED4 | 9.19ED4
Uy 1.37E04 | 3.52ED4
Us 1.55H04
MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.87ED1 | 9.88E01 | 9.89ED1 | 9.89ED1 | 9.90ED1 | 9.90ED1 | 9.91ED1
Beta 1.27802 | 1.16E02 | 1.14ED2 | 1.11E02 | 1.02ED2 | 1.00ED2 | 9.16E03
Gamma 5.33801 | 5.44E01 |5.74E01 | 6.62E01 | 6.87E01 | 7.23E01
Delta 4.08ED1 | 4.64E01 | 5.66ED1 | 6.28ED1 | 7.05E01
Epsilon 2.56E01 | 4.38ED1 | 5.15ED01 | 6.20E01
Mu 2.66E01 | 3.53H01 | 4.92ED1
Omega 1.75E01 | 3.55E01
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| Sigma__| | | 3.05E01 |
Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Impact
Vector
Adj. Ind | 110.46 165.69 220.91 276.14 331.37 386.60 441.83
Nu 0.5000 0.3750 0.2500 0.1563 0.0938 0.0547 0.0313
N 1.2500 0.3750 0.3750 0.3125 0.2344 0.1641 0.1094
Ns 1.1250 0.7500 0.5625 0.4375 0.3359 0.2500
Na 0.5625 0.6563 0.6094 0.5234 0.4297
Ne 0.2813 0.4688 0.5391 0.5313
Ne 0.1406 0.3047 0.4219
Nz 0.0703 0.1875
Ns 0.0352

44



2.1.3.2

CLEAN SYSTEM MOTOR-DRIVEN PUMPS FAIL TO RUN LESS THAN 1
HOUR: CLN-MDP-FH

Systems/Clean Water
Components/Punilotor-Driven Pump/Centrifugal
Failure Modes/Fail to Run <1H
Date Range2006 through 2020

Total Number of Independent Failure Everits:l

Total Number of Commoause Failure Event6:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9517531 0.9876643 0.994621€ 0.9999626¢ 1.000000( 3.751E+0] 4.68501
Uz 3.47E05 | 1.23ED2 | 5.38ED3 | 4.82ED2 | 0.00E+00| 4.685E01 | 3.751E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9566767% 0.9847987 0.9888814 0.9989494 1.000000¢ 7.308E+0] 1.128E+0(
Uz 3.84E04 | 1.15ED2 | 7.48ED3 | 3.62ED2 | 0.00E+00| 8.512ED1 | 7.336E+0]
Us 1.86E07 | 3.73E03 | 7.99E04 | 1.75ED2 | 0.00E+00| 2.768E1 | 7.393E+0]
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.957883% 0.9824127 0.9853053 0.9970554 1.0000000 1.058E+0Z 1.894E+0(
Uz 1.01E03 | 1.17ED02 | 8.84H03 | 3.22ED2 | 0.00E+00| 1.260E+0( 1.064E+07
Us 4.0606 | 3.74E03 | 1.37E03 | 1.55E02 | 0.00E+00| 4.024E01 | 1.073E+0?
Us 1.49E08 | 2.15E03 | 3.20E04 | 1.06ED2 | 0.00E+00| 2.315801 | 1.074E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.967080( 0.9836073 0.985120( 0.994963( 1.000000( 2.059E+04 3.432E+0(
Uz 1.56E03 | 9.19ED3 | 7.68E03 | 2.20ED2 | 0.00E+00| 1.924E+0( 2.074E+07
Us 2.90E04 | 5.01ED3 | 3.55ED3 | 1.47ED2 | 0.00E+00| 1.049E+0( 2.083E+0?
Us 1.39E06 | 1.83E03 | 6.29E04 | 7.70ED3 | 0.00E+00| 3.822E01 | 2.090E+07
Us 3.18E20 | 3.67ED4 | 3.42ED7 | 2.13E03 | 0.00E+00| 7.674E02 | 2.093E+0?2
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9693815 0.984293( 0.9855943 0.9947563 1.000000¢ 2.403E+04 3.835E+0(
U 9.99ED4 | 6.97ED3 | 5.68ED3 | 1.74ED2 | 0.00E+00| 1.701E+0( 2.425E+0?2
Us 3.9004 | 4.94E03 | 3.67ED3 | 1.38E)2 | 0.00E+00| 1.207E+0( 2.429E+0?
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Us 2.24E05 | 2.44E03 | 1.28ED3 | 8.79ED3 | 0.00E+00| 5.960E01 | 2.436E+02
Us 3.55ED9 | 9.06ED4 | 1.21ED4 | 4.54E03 | 0.00E+00| 2.211E01 | 2.439E+0?
Us 3.54EL5 | 45004 | 4.55E06 | 2.59ED3 | 0.00E+00| 1.098ED1 | 2.440E+0?
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9742037% 0.9853625 0.986176§ 0.9937354 1.000000( 3.869E+04 5.747E+0(
Uz 1.17E03 | 5.71E03 | 4.90E03 | 1.30ED2 | 0.00E+00| 2.243E+0( 3.904E+07
Us 5.57E04 | 4.15E03 | 3.34E03 | 1.05ED2 | 0.00E+00| 1.630E+0( 3.910E+0?
Us 1.72E04 | 2.76ED3 | 1.97ED3 | 8.02ED3 | 0.00E+00| 1.083E+0( 3.916E+07
Us 1.04E05 | 1.44E03 | 7.26H04 | 5.29E03 | 0.00E+00| 5.65481 | 3.921E+07
Us 2.68E10 | 4.88ED4 | 4.51ED5 | 2.54ED3 | 0.00E+00| 1.916E01 | 3.925E+0?
Uz 6.07E41 | 8.86ED5 | 3.30E12 | 3.89ED4 | 0.00E+00| 3.480ED2 | 3.926E+02
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.975412] 0.986064( 0.9868433 0.9940433 1.0000000 4.051E+04 5.726E+0(
Uz 8.86E04 | 4.91E03 | 4.14E03 | 1.16E02 | 0.00E+00| 2.018E+0( 4.088E+0?2
Us 3.49804 | 3.38ED3 | 2.62ED3 | 9.03E03 | 0.00E+00| 1.391E+0( 4.095E+0?
Ug 1.54E04 | 2.59E03 | 1.84H03 | 7.57ED3 | 0.00E+00| 1.062E+0( 4.098E+07
Us 3.02E05 | 1.71ED3 | 9.99ED4 | 5.81ED3 | 0.00E+00| 7.026E01 | 4.101E+02
Us 3.34807 | 85104 | 2.61ED04 | 3.70E03 | 0.00E+00| 3.497E01 | 4.105E+0?
Ur 1.28E15 | 2.62E04 | 2.41H06 | 1.52E03 | 0.00E+00| 1.078E1 | 4.107E+07
Us 2.68EL7 | 2.30ED4 | 9.76ED7 | 1.34ED3 | 0.00E+00| 9.469E02 | 4.108E+02
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Us 9.88ED1 | 9.85ED1 | 9.82ED1 | 9.84ED1 | 9.84E01 | 9.85ED1 | 9.86H01

Uz 1.23E02 | 1.15E02 | 1.17ED2 | 9.19HD3 | 6.97H03 | 5.71E03 | 4.91ED3

Us 3.73E03 | 3.74E03 | 5.01E03 | 4.94E03 | 4.15E03 | 3.38ED3

Ua 2.15E03 | 1.83E03 | 2.44E03 | 2.76ED3 | 2.59E)3

Us 3.67E04 | 9.06ED4 | 1.44E03 | 1.71ED3

Us 4.50E04 | 4.88ED4 | 8.51ED4

Uz 8.86ED5 | 2.62ED4

Us 2.30ED4

MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1-Beta |9.88ED1 | 9.85ED1 | 9.82E01 | 9.84ED1 | 9.84ED1 | 9.85H01 | 9.86ED1

Beta 1.23E02 | 1.52E02 | 1.76E02 | 1.64E02 | 1.57ED2 | 1.46ED2 | 1.39ED2

Gamma 2.45E01 | 3.35ED1 | 4.39ED1 | 5.56ED1 | 6.10ED1 | 6.48E01

Delta 3.65E01 | 3.04E01 | 4.34E01 | 5.35ED1 | 6.25E01

Epsilon 1.67E01 | 3.57ED1 | 4.22E01 | 5.42ED1

Mu 3.32E01 | 2.86E01 | 4.40ED1

Omega 1.54E01 | 3.67H01

Sigma 4.68E01

46



Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 15.10 15.10 15.10 15.10 15.10 15.10 15.10
[\ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000
Ny 0.0000 0.0000
Ne 0.0000
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2.1.3.3

CLEAN SYSTEM MDP- MOTOR-DRIVEN PUMPS FAIL TO RUN LESS
THAN AND > 1 HOUR: CLN-MDP-FHRH

Systems/Clean Water
Components/Punilotor-Driven Pump/Centrifugal
Failure Modes/Fail to Run <1H
Failure Mode#ail to Run > 1H (Standby equipment)
Date Range2006 through 2020

Total Number of Independent Failure Eveuts:6

Total Number of Commoause Failure Eventg:

ALPHA FACTOR DISTRIBUTIONS

CaG=2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.960425% 0.9881742 0.9929194 0.999769¢ 0.9933613 6.032E+0] 7.21981
V) 2.3304 | 1.18ED2 | 7.08ED3 | 3.96HD2 | 6.64ED3 | 7.219E01 | 6.032E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9645387% 0.9858902 0.988567( 0.9980749 0.9910503 1.145E+024 1.638E+0(
V) 8.86ED4 | 1.06ED2 | 8.00E03 | 2.95ED2 | 6.76E03 | 1.236E+0( 1.149E+0?
Us 3.72E06 | 3.46ED3 | 1.27ED3 | 1.43E02 | 2.19ED3 | 4.018E01 | 1.157E+0?2
CCCG =1

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9664094 0.984552(] 0.9864307 0.9962874 0.990672¢ 1.657E+04 2.600E+0(
Uz 1.35E03 | 9.82ED3 | 7.96E03 | 2.47ED2 | 5.20E03 | 1.653E+0( 1.667E+07
Us 5.20E05 | 3.88E03 | 2.17ED3 | 1.35E02 | 3.31ED3 | 6.529E01 | 1.677E+0?2
Us 155607 | 1.75E03 | 4.13E04 | 8.04ED3 | 8.25ED4 | 2.940801 | 1.680E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9719343 0.9851941 0.9862979 0.994676( 0.9910776 2.845E+04 4.275E+0(
Uz 1.62E03 | 7.85E03 | 6.74ED3 | 1.78E02 | 3.61ED3 | 2.266E+0( 2.865E+07
Us 4.71E04 | 472803 | 3.64E03 | 1.27ED2 | 3.32E03 | 1.363E+0( 2.874E+0?
Ua 1.07E05 | 1.87ED3 | 9.06ED4 | 6.97ED3 | 1.65E03 | 5.385E01 | 2.882E+07
Us 1.90E15 | 3.74E04 | 3.46H06 | 2.16ED3 | 3.31ED4 | 1.080ED1 | 2.886E+07
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9742985 0.986063€ 0.9870025 0.9946275 0.9917425 3.375E+074 4.769E+0(
U 1.01E03 | 5.78E03 | 4.85E03 | 1.37ED2 | 2.43E03 | 1.977E+0( 3.403E+07
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Us 5.36ED04 | 44503 | 3.53E03 | 1.15ED2 | 2.79E03 | 1.522E+0( 3.407E+02
Us 7.48E05 | 2.43E03 | 1.55ED3 | 7.76ED3 | 2.07E03 | 8.304E01 | 3.414E+02
Us 1.52E07 | 9.20ED4 | 2.43E04 | 4.14E03 | 8.28ED4 | 3.148B1 | 3.419E+07
Us 7.64E14 | 3.66ED4 | 7.22EFD6 | 2.08ED3 | 1.38ED4 | 1.254E01 | 3.421E+0?
CCCG =7
Alpha | 5th% Mean Median | 95th% MLE a b
Factor
Uy 0.9775014 0.986761( 0.9873917 0.9938674 0.9924407 5.027E+04 6.744E+0(
Uz 1.09E03 | 4.83E03 | 4.20E03 | 1.07ED2 | 1.66E03 | 2.462E+0( 5.070E+07
Us 6.28E04 | 3.74E03 | 3.12ED3 | 9.00ED3 | 2.11ED3 | 1.908E+0( 5.075E+02
Ug 2.6304 | 2.66E03 | 2.05ED3 | 7.17ED3 | 2.08ED3 | 1.357E+0( 5.081E+0?
Us 2.89E05 | 1.43ED3 | 8.55ED4 | 4.80ED3 | 1.24E03 | 7.294E01 | 5.087E+02
Us 6.90ED9 | 4.83ED04 | 8.20ED5 | 2.35ED3 | 4.15ED04 | 2.463E01 | 5.092E+02
Uy 3.36E34 | 8.37ED5 | 9.85E11 | 4.16ED4 | 5.92ED5 | 4.261ED2 | 5.094E+02
CCCG =8
Alpha | 5th% Mean Median | 95th% MLE a b
Factor
Us 0.978957( 0.9876135 0.9882064 0.9942559 0.9930839 5.395E+04 6.767E+0(
Uz 8.02E04 | 4.02E03 | 3.43ED3 | 9.24H03 | 1.18ED3 | 2.196E+0( 5.441E+02
Us 3.92604 | 2.96ED3 | 2.38ED3 | 7.51H03 | 1.50ED3 | 1.616E+0( 5.447E+02
Us 2.35ED4 | 2.45H03 | 1.87ED3 | 6.62ED3 | 1.82ED3 | 1.336E+0( 5.450E+0?2
Us 7.0005 | 1.69E03 | 1.13ED3 | 5.20E03 | 1.45ED3 | 9.214E01 | 5.454E+02
Us 2.06E06 | 8.40ED4 | 3.53ED4 | 3.33E03 | 7.26ED4 | 4.59101 | 5.459E+02
Uz 5.07E13 | 2.55ED4 | 7.88ED6 | 1.42ED3 | 2.08E04 | 1.391E01 | 5.462E+0?2
Us 7.08EL7 | 1.80ED4 | 9.84ED7 | 1.05HD3 | 2.59ED5 | 9.860ED2 | 5.462E+02
ALPHA FACTOR and MGL PARAMETERS
Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor
Uy 9.88ED1 | 9.86ED1 | 9.85ED1 | 9.85ED1 | 9.86ED1 | 9.87ED1 | 9.88H01
Uz 1.18E02 | 1.06ED2 | 9.82ED3 | 7.85ED3 | 5.78E03 | 4.83ED3 | 4.02ED3
Us 3.46E03 | 3.88ED3 | 4.72E03 | 4.45E03 | 3.74ED3 | 2.96H03
Us 1.75E03 | 1.87ED3 | 2.43H03 | 2.66H03 | 2.45E03
Us 3.74E04 | 9.20ED4 | 1.43H03 | 1.69E03
Us 3.66E04 | 4.83ED4 | 8.40ED4
Uy 8.37ED5 | 2.55ED4
Us 1.80ED4
MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.88ED1 | 9.86ED1 | 9.85ED1 | 9.85ED1 | 9.86ED1 | 9.87ED1 | 9.88ED1
Beta 1.18E02 | 1.41E02 | 1.54ED2 | 1.48E02 | 1.39E02 | 1.32ED2 | 1.24ED2
Gamma 245801 | 3.64H01 | 4.70ED1 | 5.86ED1 | 6.35E01 | 6.75E01
Delta 3.10E01 | 3.22E01 | 4.55H01 | 5.55ED1 | 6.46E01
Epsilon 1.67E01 | 3.46ED1 | 4.29H01 | 5.48H01
Mu 2.85E01 | 2.84H01 | 4.31ED1
Omega 14801 | 3.41E01

49



| Sigma | | 4.15601 |
Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Impact
Vector
Adj. Ind | 37.28 55.92 74.56 93.20 111.84 130.48 149.12
Nu 0.6267 0.5550 0.4780 0.4270 0.4024 0.3968 0.4027
N 0.2533 0.3850 0.3935 0.3415 0.2754 0.2185 0.1782
Ns 0.1250 0.2505 0.3139 0.3153 0.2781 0.2259
Na 0.0625 0.1563 0.2345 0.2737 0.2739
Ne 0.0313 0.0938 0.1641 0.2188
Ne 0.0156 0.0547 0.1094
Nz 0.0078 0.0313
Ns 0.0039

50



2134

MDP-RH

Systems/Clean Water
Components/Punilotor-Driven Pump/Centrifugal

Failure Mode#-ail to Run > 1H (Standby equipment)
Date Range2006 through 2020

CLEAN SYSTEM MOTOR-DRIVEN PUMPS FAIL TO RUN > 1 HOUR: CLN-

Total Number of Independent Failure Everl®s:5

Total Number oCommonCause Failure Eventg:

ALPHA FACTOR DISTRIBUTIONS

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.950741( 0.9852565 0.9911437 0.999707] 0.9902863 4.824E+0] 7.21901
Uz 29104 | 1.47ED2 | 8.85ED3 | 4.93E02 | 9.71ED3 | 7.219E01 | 4.824E+0]
CCCG 3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.958028( 0.9832805 0.9864434 0.9977195 0.9868771 9.633E+0] 1.638E+0(
Uz 1.05E03 | 1.26ED02 | 9.49ED3 | 3.49ED2 | 9.91ED3 | 1.236E+0( 9.674E+0]
Us 44156 |4.10E03 | 1.50E03 | 1.70E02 | 3.22ED3 | 4.018ED1 | 9.757E+0]
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9608214 0.9819629 0.9841453 0.9956584 0.986304( 1.416E+074 2.600E+0(
Uz 1.58E03 | 1.15E02 | 9.30E03 | 2.88ED2 | 7.63ED3 | 1.653E+0( 1.425E+07
Us 6.08E05 | 4.53E03 | 2.54E03 | 1.58H02 | 4.86ED3 | 6.529ED1 | 1.435E+0?
Us 1.82E07 | 2.04E03 | 4.83E04 | 9.39ED3 | 1.21ED3 | 2.940801 | 1.439E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.96867974 0.9834647 0.9846933 0.9940447% 0.986885( 2.543E+04 4.275E+0(
Uz 1.82E03 | 8.76ED3 | 7.53E03 | 1.99ED2 | 5.31ED3 | 2.266E+0( 2.563E+07
Us 5.26E04 | 5.27ED3 | 4.06ED03 | 1.41ED02 | 4.88ED3 | 1.363E+0( 2.572E+02
Us 1.20E05 | 2.08E03 | 1.01E03 | 7.78ED3 | 2.43ED3 | 5.385H1 | 2.580E+07
Us 2.12FE15 | 4.18ED4 | 3.87ED6 | 2.41ED3 | 4.86ED4 | 1.080ED1 | 2.584E+02
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.971274( 0.984413( 0.9854547 0.9939884 0.9878529 3.012E+04 4.769E+0(
Uz 1.14E03 | 6.46E03 | 5.42E03 | 1.53ED2 | 3.58ED3 | 1.977E+0( 3.040E+07
Us 6.00E04 | 4.97ED3 | 3.95ED3 | 1.29ED2 | 4.10ED3 | 1.522E+0( 3.045E+0?
Ua 8.36ED5 | 2.71ED3 | 1.74ED3 | 8.67ED3 | 3.05ED3 | 8.304ED1 | 3.052E+0?
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Us 1.7007 | 1.03ED3 | 2.71ED4 | 4.63E03 | 1.22ED3 | 3.148B1 | 3.057E+04
Us 8.55F14 | 4.10E04 | 8.08ED6 | 2.33ED3 | 2.03E04 | 1.254E01 | 3.059E+0?
CCCG =7
Alpha | 5th% Mean Median | 95th% MLE a b
Factor
Us 0.9754693 0.985562§ 0.986248( 0.9933106 0.9888734 4.604E+07 6.744E+0(
Uz 1.19E03 | 5.27E03 | 4.58H03 | 1.17ED2 | 2.44E03 | 2.462E+0( 4.647E+07
Us 6.85E04 | 4.08E03 | 3.40ED3 | 9.82ED3 | 3.10ED3 | 1.908E+0( 4.652E+0?
Ua 2.87E04 | 2.90E03 | 2.23E03 | 7.81E03 | 3.05ED3 | 1.357E+0( 4.658E+02
Us 3.15E05 | 1.56E03 | 9.32ED4 | 5.23ED3 | 1.83E03 | 7.294E01 | 4.664E+02
Us 75309 | 5.27ED4 | 8.94ED5 | 2.56H03 | 6.10ED4 | 2.463ED1 | 4.669E+02
Uz 3.67E34 | 9.12ED5 | 1.07F10 | 4.53ED4 | 8.72ED5 | 4.261H2 | 4.671E+02
CCCG =8
Alpha | 5th% Mean Median | 95th% MLE a b
Factor
Uy 0.9769229 0.986411€¢ 0.9870557 0.993695€ 0.9898154 4.912E+04 6.767E+0(
Uz 8.80ED4 | 4.41E03 | 3.77ED03 | 1.01E02 | 1.74ED3 | 2.196E+0( 4.958E+02
Us 4.3004 | 3.25E03 | 2.61E03 | 8.24H)3 | 2.21ED3 | 1.616E+0( 4.964E+02
Ug 25704 | 2.68E03 | 2.05ED3 | 7.26H03 | 2.68ED3 | 1.336E+0( 4.967E+02
Us 7.68E05 | 1.85ED3 | 1.24ED3 | 5.70E03 | 2.14ED3 | 9.214E01 | 4.971E+0?
Us 2.26E06 | 9.22ED4 | 3.88ED4 | 3.65ED3 | 1.07ED3 | 4.591E01 | 4.975E+0?2
Uy 5.56EL3 | 2.79ED4 | 8.64E06 | 1.56E03 | 3.06ED4 | 1.391ED1 | 4.979E+0?
Us 7.77EL7 | 1.98ED4 | 1.08ED06 | 1.15ED3 | 3.82ED5 | 9.860ED2 | 4.979E+0?
ALPHA FACTOR and MGL PARAMETERS
Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor
Ua 9.85ED1 | 9.83ED1 | 9.82ED1 | 9.83E01 | 9.84ED1 | 9.86ED1 | 9.86ED1
V) 1.47E02 | 1.26ED2 | 1.15H02 | 8.76HD3 | 6.46E03 | 5.27E03 | 4.41ED3
Us 4.10E03 | 4.53E03 | 5.27ED03 | 4.97E03 | 4.08ED3 | 3.25ED3
Us 2.04E03 | 2.08ED3 | 2.71ED3 | 2.90E03 | 2.68ED3
Us 4.1804 | 1.03E03 | 1.56ED03 | 1.85ED3
Us 4.1004 | 5.27E04 | 9.22ED4
Uz 9.12ED5 | 2.79ED4
Us 1.98ED4
MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.85E01 | 9.83ED1 | 9.82ED1 | 9.83E01 | 9.84ED1 | 9.86ED1 | 9.86HD1
Beta 14702 | 1.67ED2 | 1.80ED2 | 1.65H02 | 1.56ED2 | 1.44ED2 | 1.36ED2
Gamma 2.45E01 | 3.64ED1 | 4.70ED1 | 5.86ED1 | 6.35ED1 | 6.75ED1
Delta 3.10E01 | 3.22E01 | 4.55E01 | 5.55ED1 | 6.46E01
Epsilon 1.67E01 | 3.46E01 | 4.29E01 | 5.48ED1
Mu 2.85E01 | 2.84E01 | 4.31ED1
Omega 14801 | 3.41H01
Sigma 4.15E01
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Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 25.20 37.80 50.40 63.00 75.60 88.20 100.80
Ny 0.6267 0.5550 0.4780 0.4270 0.4024 0.3968 0.4027
N 0.2533 0.3850 0.3935 0.3415 0.2754 0.2185 0.1782
Ne 0.1250 0.2505 0.3139 0.3153 0.2781 0.2259
Ny 0.0625 0.1563 0.2345 0.2737 0.2739
Ns 0.0313 0.0938 0.1641 0.2188
Ne 0.0156 0.0547 0.1094
Ny 0.0078 0.0313
Ne 0.0039
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2.1.4
2.14.1

Systems/Clean Water/Containment spray recirculation

Containment Spray Pumps
CSS MOTOR-DRIVEN PUMPS FAIL TO START: CSS-MDP-FS

Components/Punilotor-Driven Pump/Centrifugal
Failure Modes/Fail to Start
Date Range2006 through 2020

Total Number of Independent Failure Everig:0

Total Number of Commoause Failure Event6:

ALPHA FACTOR DISTRIBUTIONS

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9540397 0.988252( 0.9948824 0.9999643 1.0000000 3.941E+0] 4.68581
Uz 3.30E05 | 1.17ED2 | 5.11ED03 | 4.60ED2 | 0.00E+00| 4.685E01 | 3.941E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9577503 0.9851784 0.9891614 0.998975¢ 1.000000( 7.498E+0] 1.128E+0(
Uz 3.75E04 | 1.12ED2 | 7.29ED3 | 3.53H02 | 0.00E+00| 8.512E01 | 7.526E+0]
Us 1.82E07 | 3.64E03 | 7.79E04 | 1.71ED2 | 0.00E+00| 2.768E1 | 7.583E+0]
CCCG =1

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.9586083 0.9827177 0.9855617 0.9971069 1.000000¢ 1.077E+04 1.894E+0(
Uz 9.94E04 | 1.15ED2 | 8.69ED3 | 3.16ED2 | 0.00E+00| 1.260E+0( 1.083E+0?
Us 3.99K06 | 3.67ED3 | 1.35ED3 | 1.52ED2 | 0.00E+00| 4.024E01 | 1.092E+0?
Ua 14708 | 2.11E03 | 3.15E04 | 1.05ED2 | 0.00E+00| 2.315801 | 1.093E+07
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9673743 0.9837547 0.9852543 0.9950087% 1.000000( 2.078E+04 3.432E+0(
V) 155603 | 9.11E03 | 7.61H03 | 2.18ED2 | 0.00E+00| 1.924E+0( 2.093E+07
Us 2.87E04 | 4.97E03 | 3.52ED3 | 1.46ED2 | 0.00E+00| 1.049E+0( 2.102E+0?
Ua 1.38E06 | 1.81ED3 | 6.24ED4 | 7.63E03 | 0.00E+00| 3.822ED1 | 2.109E+07
Us 3.15E20 | 3.63E04 | 3.38ED7 | 2.11ED3 | 0.00E+00| 7.674E02 | 2.112E+0?
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.969616€ 0.9844143 0.985705¢ 0.9947972 1.0000000 2.422E+07 3.835E+0(
U 9.91E04 | 6.91ED3 | 5.63E03 | 1.72ED2 | 0.00E+00| 1.701E+0( 2.444E+0?2
Us 3.87E04 | 4.91E03 | 3.65ED3 | 1.37ED2 | 0.00E+00| 1.207E+0( 2.448E+0?
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Us 2.22E05 | 2.42E03 | 1.27ED3 | 8.73ED3 | 0.00E+00| 5.960801 | 2.455E+0?2
Us 3.52E09 | 8.99ED4 | 1.20ED4 | 4.51ED3 | 0.00E+00| 2.211E01 | 2.458E+0?
Us 3.51EL5 | 4.46ED4 | 4.52E06 | 2.57E03 | 0.00E+00| 1.098ED1 | 2.459E+0?
CCCG =7

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.974330§ 0.985433( 0.9862434 0.9937654 1.0000000 3.888E+04 5.747E+0(
Uz 1.16E03 | 5.69ED3 | 4.87EH03 | 1.30ED2 | 0.00E+00| 2.243E+0( 3.923E+07
Us 5.54H04 | 4.13E03 | 3.33E03 | 1.04E02 | 0.00E+00| 1.630E+0( 3.929E+0?2
Us 17104 | 2.74E03 | 1.96E03 | 7.98ED3 | 0.00E+00| 1.083E+0( 3.935E+07
Us 1.04E05 | 1.43E03 | 7.23E04 | 5.26ED3 | 0.00E+00| 5.65481 | 3.940E+07
Us 2.67EL0 | 4.86ED4 | 4.49ED5 | 2.53E03 | 0.00E+00| 1.916ED1 | 3.944E+02
Uz 6.04E41 | 8.82ED5 | 3.28EL2 | 3.87ED4 | 0.00E+00| 3.480ED2 | 3.945E+02
CCCG =8

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Uy 0.9755249 0.9861281 0.9869039 0.994070¢ 1.0000000 4.070E+04 5.726E+0(
Uz 8.81E04 | 4.89E03 | 4.12ED3 | 1.15E02 | 0.00E+00| 2.018E+0( 4.107E+0?2
Us 3.48804 | 3.37ED3 | 2.61ED3 | 8.99HD3 | 0.00E+00| 1.391E+0( 4.114E+02
Ug 15304 | 2.57E03 | 1.83H03 | 7.54E03 | 0.00E+00| 1.062E+0( 4.117E+07
Us 3.00E05 | 1.70ED3 | 9.94ED4 | 5.78ED3 | 0.00E+00| 7.026ED1 | 4.120E+0?2
Us 3.33807 | 8.47ED4 | 2.60ED4 | 3.68E03 | 0.00E+00| 3.497E01 | 4.124E+0?
Ur 1.28E15 | 2.61E04 | 2.40H06 | 1.51ED03 | 0.00E+00| 1.078E1 | 4.126E+07
Us 2.67EL7 | 2.29ED4 | 9.72ED7 | 1.34E03 | 0.00E+00| 9.469E02 | 4.127E+0?2
ALPHA FACTOR and MGL PARAMETERS

Alpha | CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5| CCCG=6 | CCCG=7 | CCCG=8
Factor

Us 9.88ED1 | 9.85ED1 | 9.83ED1 | 9.84ED1 | 9.84E01 | 9.85HD1 | 9.86H01

Uz 1.17E02 | 1.12E02 | 1.15H02 | 9.11ED3 | 6.91E03 | 5.69ED3 | 4.89ED3

Us 3.64E03 | 3.67EH03 | 4.97E03 | 4.91E03 | 4.13E03 | 3.37ED3

Ua 2. 1103 | 1.81E03 | 2.42E03 | 2.74ED3 | 2.57H)3

Us 3.63E04 | 8.99ED4 | 1.43ED3 | 1.70ED3

Us 4.46E04 | 4.86ED4 | 8.47ED4

Uz 8.82ED5 | 2.61ED4

Us 2.29E04

MGL CCCG=2| CCCG=3 | CCCG=4 | CCCG=5| CCCG=6| CCCG=7 | CCCG=8
1Beta |9.88ED1 | 9.85ED01 | 9.83E01 | 9.84ED1 | 9.84ED1 | 9.85H01 | 9.86ED1

Beta 1.17E02 | 1.48E02 | 1.73E02 | 1.62E02 | 1.56ED2 | 1.46ED2 | 1.39ED2

Gamma 2.45E01 | 3.35ED1 | 4.39ED1 | 5.56ED1 | 6.10ED1 | 6.48E01

Delta 3.65E01 | 3.04E01 | 4.34E01 | 5.35ED1 | 6.25E01

Epsilon 1.67E01 | 3.57ED1 | 4.22E01 | 5.42ED1

Mu 3.32E01 | 2.86E01 | 4.40ED1

Omega 1.54E01 | 3.67H01

Sigma 4.68E01
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Avg. CCCG=2 | CCCG=3 | CCCG=4 | CCCG=5 | CCCG=6 | CCCG=7 | CCCG=8
Impact

Vector

Adj. Ind | 17.00 17.00 17.00 17.00 17.00 17.00 17.00
[\ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000 0.0000
Ns 0.0000 0.0000 0.0000
Ny 0.0000 0.0000
Ne 0.0000
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2142
MDP-FH

Systems/Clean Water/Containment spray recirculation

Components/Punilotor-Driven Pump/Centrifugal
Failure Modes/Fail to Run ¥H
Date Range2006 through 2020

Total Number of Independent Failure Ever&$§:

Total Number of Commoause Failure Event6:

ALPHA FACTOR DISTRIBUTIONS

CSS MOTOR-DRIVEN PUMPS FAIL TO RUN LESS THAN 1 HOUR: CSS-

CCCG =2

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9293809 0.9818971 0.9920474 0.9999453 1.000000¢ 2.541E+01 4.68501
Uz 5.13805 | 1.81ED2 | 7.95ED3 | 7.06ED2 | 0.00E+00| 4.685E01 | 2.541E+0]
CCCG =3

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

U 0.9483145 0.9818374 0.9866969 0.9987453 1.000000( 6.098E+0] 1.128E+0(
Uz 4.6004 | 1.37ED2 | 8.95HD3 | 4.32ED2 | 0.00E+00| 8.512ED1 | 6.126E+0]
Us 2.23807 | 4.46ED3 | 9.56ED4 | 2.09E02 | 0.00E+00| 2.768ED1 | 6.183E+0]
CCCG =4

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.9525994 0.980186( 0.983431§ 0.9966774 1.000000( 9.368E+0] 1.894E+0(
Uz 1.14E03 | 1.32E02 | 9.97H03 | 3.62ED2 | 0.00E+00| 1.260E+0( 9.431E+01]
Us 45806 | 4.21E03 | 1.55E03 | 1.74E02 | 0.00E+00| 4.024E01 | 9.517E+0]
Us 1.68E08 | 2.42E03 | 3.61E04 | 1.20ED2 | 0.00E+00| 2.315801 | 9.534E+0]
CCCG =5

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Ua 0.965073€ 0.982601¢ 0.9842043 0.9946508 1.0000000 1.938E+04 3.432E+0(
Uz 1.66E03 | 9.75ED3 | 8.15ED3 | 2.33E02 | 0.00E+00| 1.924E+0( 1.953E+07
Us 3.08E04 | 5.32ED3 | 3.77ED3 | 1.56E02 | 0.00E+00| 1.049E+0( 1.962E+0?
Us 1.47E06 | 1.94E03 | 6.68EH04 | 8.17ED3 | 0.00E+00| 3.822E01 | 1.969E+07
Us 3.38E20 | 3.89ED4 | 3.63ED7 | 2.26ED3 | 0.00E+00| 7.674E02 | 1.972E+0?2
CCCG =6

Alpha | 5th% Mean Median | 95th% MLE a b

Factor

Us 0.967794( 0.983474( 0.984841( 0.994476( 1.0000000 2.282E+04 3.835E+0(
U 1.05E03 | 7.33E03 | 5.97E03 | 1.83E02 | 0.00E+00| 1.701E+0( 2.304E+07
Us 4.1004 | 5.20E03 | 3.87HD3 | 1.46H)2 | 0.00E+00| 1.207E+0( 2.308E+0?
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