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The attachedreportwas preparedby the HumanAffairsResearchCenterof the
PacificNorthwestLaboratoriesforWestinghouseSavannahRiverCompanyto
assist in the selection of the approachto use for the humanreliabilityanalysis in
the seismic probabilisticriskassessmentof core damagefor the K Reactor.

Performanceof the reactorsystemwhensubjectedto an earthquakeis greatly
affectedby the responseof the operatingcrew, bothimmediatelyafter the
seismic eventandforextendedperiodsuntilthe reactorcanbe placedin a safe and
stablecondition. The responseof reactoroperatingcrews to earthquake
challengeshas been recognized as an importantcomponentof seismic risk
assessments,and variousstudieshavebeenconductedin an attemptto quantify
such actions, although no original researchusingactual data is known to exist.

For furtherinformationcontactH. E. Wingo, H. C. Benhardt,or
C. M. van Buijtenen.
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Abstract

The Westinghouse Savannah River Company (WSRC) has prepared a level 1

probabilistic risk assessment (PRA), Rev. 0 of reactor operations for externally-

initiated events including seismic events. The SRS PRA, Rev. 0 Seismic HRA
received a critical review that expressed skepticism with the approach used for human

reliability analysis because, it had not been previously used and accepted in other

published PRAs.

This report provides a review of published probabilistic risk assessments (PRAs), the

associatedmethodology guidance documents, and the psychological literature to

identify parameters important to seismic human reliability analysis (HRA). It also

describes a recommended approach for use in the Savannah River Site (SRS) PRA.

The SRS seismic event PRA performs HRA to account for the contribution of human

errors in the accident sequences. The HRA of human actions during and after a seismic

event is an area subject to many uncertainties and involves significant analyst

judgment. The approach recommended by this report is based on seismic HRA
methods and associated issues and concerns identified from the review of these

referenced documents that represent the current state-of-the-art knowledge and
acceptance in the seismic HRA field.

93XlI95.A&WO iu
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Executive Summary

The objective of thisreportis to identifyanddescribethe recommendedapproachfor
performingthe Seismic HRA for Rev. 1 to the SRS PRA. The approachused in
Rev. 0 of the SRS PRA was criticized by the SRS PRA SeniorReview Panel
because it has notbeen widelyused andacceptedin other publishedPRAs. The
approachidentified for use in Rev. 1 of the SRS PRA will be consistent with that
used in referencedPRAs, whichhave receivedabroadlevel of acceptance.

The reportdescribes the review of seismic HRA methodsandrelatedinformationfound
in the following:

• SavannahRiver Site PRA Rev. 0 Seismic HRA, NUREG/CR-4910, "Relay
ChatterandOperatorResponseaftera LargeEarthquake,"R. J. Budnitz,H. E.
Lambert,andE. E. Hill (August 1987)

• NRC Generic Letter88-20, Supplement4, "IndividualPlantExaminationfor
Externally-InitiatedEvents"

• NUREG-1150,USNRC, ReactorRiskReference Document
• NUREG/CR-4550,Volume 3, Revision 1, Part3, "Analysisof CoreDamage

Frequency:SurryPower Station,Unit 1 ExternalEvents"

• NUREG/CR-4550,Volume 4, Rev. 1, Part3, "Analysis of Core Damage
Frequency:PeachBottom Unit 2, ExternalEvents"

• NUREG/CR-4840,"ProceduresforExternalEventCoreDamage Frequency
Analyses for NUREG-1150,"M. P. Bonnand J. A. Lambright(November1990)

• NURFJ3/CR-4772,"AccidentSequenceEvaluationProgramHuman Reliability
Analysis Procedure,"A. D. Swain, III(February1987)

• NUREG/CR-3428, "Applicationof the SSMRP Methodology to the Seismic
Risk at ZionNuclearPower Plant," M. P. Bonn, et al. (January1984)

• Diablo Canyon PRA, NUREG-0675,Supplement 34, "Safety Evaluation Report
Relatedto the Operationof Diablo CanyonNuclearPower Plant Units 1 and 2"
(June1991) and the WhitePaper,"HumanActionunderSeismic Events,"
H. F. Perla(May 4, 1992)

• TANSAO 65-1-580, "HumanReliabilityAssessment in the Evaluation of
ExternalEvents," E. M. Dougherty andG. W. Hannaman,Volume 65, pp. 100-
101 (1992)

This report also describesthe resultsof the review of psychological andhuman factors
literaturefromsearchesof

• OperatorWorkload(OWL) basedon thecomprehensivereview of Lysaghtet al.
(1989), the review of workloadand modelingmethodsby BittnerandMorrissey
(1990), and the summaryof researchcomparingsubjectiveOWL methods by Hill
et al. (1992)

• Seismic and Life EventStressbasedon a DIALOGsearchof the psychological
literature(PSYCHSCAN)overthe lasteight yearsaimed atseismic stressand
augmentedby summariesof ongoing life eventstressresearch(Miller 1989) as
well as a classicalreviewsof stressresearch(GolclbergerandBreznitz 1982)
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• PerformanceShapingFactors(PSF)basedon a DIALOGsearchof the Emergency
Science andTechnology tEST)andNational TechnicalInformationSystem
(NTIS) litemtt_ over thelasteightyears thataddressed"performanceshaping
factors"

The reviewandevaluationof thereferencedocumentsdescribedabove indicatethatthe
common attributesandcurrenttrendsforseismic HRA includeconsiderationfor the
followingparameters:

• consistencywith the internalevents analysis includingnonseismic component
failuresand nonseismichumanerrors

• detailedtaskanalysis
• operatorsUe_
• timeavailable

• personnelresourceavailabilityandallocation
• earthquakeintensity
• multipleoperatoractions

• multiple abnormalevents
• uncertaintybounds
• diagnosiserrorsandrecovery
• locationof operatoractionsandpotential impactof secondaryfailures
• datasourcesand bases foruse

Sufficient informationwas gatheredfromthe psychologicaland humanfactors
literaturereview to determinethatthe state-of.the-artin predictinghumanperformance
is achievable usingstandardTHERPHRA analysis,as modified to accountfor the
severityof a seismic event The dataand resultsreportedin these and other ongoing
efforts shouldthereforebe usedas additionalinformationwhen makingqualitative
decisions to adjust the HEPvaluederivedby standardtechniques,rather thanas an
attemptto replace the tabled values themselves. The seismic HRA should considerthe
aboveparameterstogetherin the evaluationanddescribethe processused to determine
their combined impact on the HEP.

The recommended approachfor the Seismic HRA forSRS PRA Rev. 1 is to use the
THERPmethodology following guidanceof NUREG/CR-1278and NUREG/CR-2254
andalso to incorporatethe updates,modifications,enhancements,andcorrections
providedin NUREG/CR-4772. This approachhas the following benefits:

• It is compatible with the internalevents HRA THERPmethod.
• It addressesthe importantparametersidentifiedabove.
• It has receiveda verybroadlevel of acceptancethroughtheNRC'sNUREG-1150

program.

o It allows flexibility in the level of detail/rigor in focusing on risk-significant
humanactions and in refiningHEPvalues withexcessive conservatism to yield
morerealistic results.

i iiiii i i iiiii
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1.0 Introduction

The Savannah River Site (SRS) Probabilistic Risk Assessment (PRA), Rev. 0,

Seismic HRA uses human error probabilities from the internal events analysis

(modified THERP technique) and applies the methodology of NUREG/CR-4910

(Budnitz, Lambert, and Hill) to account for the strew, number of operators, time

available, and uncertainty considerations in the event of an earthquake. This approach

was criticized by the SRS PRA Senior Review Panel because it has not been widely

used and accepted in other published PRAs. This report responds to the Senior Review

Panel's and other review groups' concerns by reviewing published PRA documentation

to identify an alternate approach for assessing Seismic HRA for the SRS PRA. The

approach identified for use will be consistent with that used in referenced PRAs that

have received a broad level of acceptance.

This effort involves a review of existing, state-of-the-art methodologies for HRA and

for modifying human error probabilities (HEPs) to account for seismic characteristics

(e.g., multiple failures, time stress, workload, equipment condition uncertainty). It

involves identifying seismic HRA issues, evaluating the options available, and

selecting the proposed approach for application to the SRS Seismic HRA.

This report documents the review of published PRA information on methodologies for

assessing and/or modifying HEPs in seismic events. Important seismic HRA

considerations for quantifying HEPs from these documents are identified, and an

approach for the Seismic HRA for the SRS K-Reactor PRA is proposed.

9sxlr9s._,vo 1-1
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2.0 Approach

The approach used for this effort was to

• Review the referenced published PRA information and psychological information

on the topic of seismic HRA, related human factors issues, and psychological
stress information.

• Evaluate these documents to identify important seismic HRA issues and concerns

and the general approaches, common attributes, specific techniques, special

consideratiom, and current trends of the approaches for addressing these issues and
concerns.

• Describe important attributes for a seismic HRA that are most relevant and
significant for application in the SRS PRA based on the above review and
evaluation.

• Recommend the seismic HRA methodology best suited to incorporating these

seismic HRA attributes into the SRS PRA. This provides the approach for

establishing and for modifying HEPs for operator actions in the seismic event.

9,xitgs.MWO 2-1
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3.0 Summary and Evaluation of Documents Reviewed

3.1 Review of General HRA Methodologies
NUREG/CR-4835, "ComparisonandApplicationof QuantitativeHumanReliability
AnalysisMethods for theRisk Methods IntegrationandEvaluationProgram
(RMIEP),"L. N. Haney,et al., January1989, provides comparisonsof HRA
techniques usingrelevantdatacollectedfrom theRMIEP.The NUREG/CR-4835
evaluationwas performedfor the following reasons:

• to identify, evaluateandselect HRAmethods thathave thepotentialto improve
HRA inputs to PRAs.

• to applyselected HRA methodsto specific PICAaccidentsequencesandcomleae
the results.

• to provideguidelinesfor futureuseof selected HRA methods.

NUREG/CR-4835was basedon the following generalactivities:

• SearchingtheliteratureincludingreferencesalKldescriptionsof 20 HRA models.
• Screeningthe I-IRAmethodologiesthroughtwo criteriasets thatidentified12

I-IRAmethodsappropriateforPRA andfor furtherevaluation.
• Applyingandquantifyingcomparisonsof threerepresentativeHRAmethods

includingananalysisof quantitativedifferencesobservedamongthe models.
• Providingfurtherattributedescriptionsandutilityratingsof the 12 methodsin the

formof an IIRA selectiontool (tablesandan example).
• Explainingthe approachused for the HRA system analysis forRMIEP.
• Describing the steps of theSystematic HumanAction ReliabilityProcedure

(SHARP) forperforminga traceableand scrutableHRA forPRA.

Generalfindings from NUREG/CR-4835include the following:

• A task analysisshah be performedearlyin thePRA effort to identify important
human actions.

• Complete and traceable data collection with the supportingdocumentationshould
be made when performing the HRA.

• There should be clear, open, and frequent communicationbetween theHRA and
PRA analysts.

• HRA modelscan explicitly consider function-based pttr,edures though theyare
usually used for nde-ba_ procedures.

NUREG/CR-4835 also found that the various HRA methods yield different
quantitativeestimate.These differeaces wereattributedto differencesinthe
consideration of recovery actions, the level of detail modeled, variations in the
consideration given for performance shaping factors, and analysts' abilities, skills, and
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judgments.The fmal finding of the NUREG/CR-4835_ is providedin the
summarythatdescribe the variousattributesof the HRA methodologies.These
methodologiesform a useful baseof informationascriteriato considerwhenselecting
an HRA methodfora PRA.

Since the SRS PRA uses the THERPtechnique,this reportfocuses on the findings
that_G/CR-4835 has for_. The HRAmethodologyreview providedin
NUREG/CR-4835 indicatesthatthe TKERPtechniqueis a viable approachforHRA
ina PRA.The variousattributesof theTHERPmethodologyconsideredandevaluated
aregenerallyasfavorableas theyare foranyof theothermethodologiesreviewed, and
in manyrespects theTHERPmethodsaresuperior.The review does not identifyany
compellingconcernwith the THERPmethodologyto promptachange to an altmme
methodology for the SRS PRA, includingthe seismic HRA.

3.2 Review of Referenced Documentation Related to Current
Seismic HRA Evaluations

In addition to the reviewof generalHRAmethodologies presentedin NUREG/_7,-
4835 thereareseveralother documents specificallyrelatedto HRA methodsthatmight
be employedto evaluateseismic events. Thedescriptionsprovidedbelow addressthe

, seismicHRA-relatedinformationfloraeach of the documents reviewed duringthis
project.The referencedocumentsreviewed includethe following:

• SavannahRiver Site PRA Rev. Seismic HRA, References NUREG/CR-4910,
"RelayChatterandOperatorResponseaftera LargeEarthquake',R. J. Budnitz,H.
E. LambeR, and E. E. Hill (August1987)

• NRC GenericLetter88-20, Supplement4, "IndividualPlantExaminationfor
Exterr,ally-InitiatedEvents"

• NUREG-1150,USNRC, ReactorRisk ReferenceDocument
• NUREG/CR-4550, Volume 3, Rev. 1, Part3, "Analysisof Core Damage

Frequency;SurryPower Station,Unit 1ExternalEvents"
• NUREG/CR-4550, Volume 4, Rev. 1, Part3, "Analysisof Core Damage

Frequency;Peach Bottom Unit2, ExternalEvents"
• NUREG/CR-4840,"Proceduresfor ExternalEventCoreDamageFrequency

Analyses for NUREG-1150,"M. P. BonnandJ. A. Lambright(November 1990)
• NUREG/CR-4772, "AccidentSequenceEvaluationProgramHuman Reliability

Analysis Procedure,"A. D. Swain, III (February1987)
• NUREG/CR-3428, "Applicationof the SSMRPMethodology to the Seismic

Risk atZion NuclearPower Plant,"M. P. Bonn, et aL (January1984)
• Diablo CanyonPRA, NUREG-0675,Supplement34, "SafetyEvaluationReport

Relatedto the Operationof DiabloCanyonNuclearPow_ PlantUnits I and2,"
June 1991, and the White Paper,"HumanAction under Seismic Events,"H. F.
Perla(May4, 1992)

• TANSAO 65-1-580, "HumanReliabilityAssessment in theEvaluation of
ExternalEvents," E. M. Doughertyand G. W. Hannaman,Volume 65, pp. 100-
lO1(1992)
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3.2.1 Savannah River Site PRA RevisionOSeismicHRA, ReferencingNUREG/CR-4910,
Budnitz and Hill

The SRS PRA Rev. 0 seismic I-IRAbase-case analysis is descn'bed in Slts PRA

Section 2.7, pages 2-35 through 2-38, and is based on the methodology of

NUREG/CR-4910, "Relay Chatter and Operator Response after a Large Earthquake,"
R. J. Budnitz, H. E. Lambert, and E. E. Hill, August 1987. This method adjusts

HEP values from the internal events analysis for various procedural actions (EAPs,

MCPs, and DPSOLs) to account for stress, number of operators, time available for

actions, and an uncertainty allowance for errors. The internal events analysis HRA used

the Technique for Human Error Rate Prediction (THERP) methodology (NUREG/CR-

1278, "Handbook of Human Reliability Analysis with Emphasis on Nuclear Power

Plant Applications," A. D. Swain and H. E. Guttman, August 1983 and NURFX]/CR-
2254, "A Procedure for Conducting a Human Reliability Analysis for Nuclear Power

Plants," B.J. Bell and A. D. Swain, May 1983).

NUREG/CR-4910 developed a model to generate HEPs for use in seismic PRA. HEPs

generated using WeNUREG/CR-4910 methodology are for appfication to high stress

life-threatening conditions. The first step of this approach is to perform a detailed task

analysis for the various human actions to be evaluated assuming non-stress conditions.

This task analysis provides the data used as input for calculating the non-stress HEPs

for each task and also provides information for each task concenting the lime required,

as well as the number of operators available, as necessary input for the adjustments of

the non-stress HEPs. The information used in applying the NUREGtCR-4910

methodology adjustments to the non-stress HEPs includes

• the stress factor (a number between one and ten; one recommended for no stress,

five recommended for medium stress, and ten recommended for high strew)

• the number of operators available for the task under consideration
• the time duration for the task under consideration

• the time that the task under consideration will be smr_

The NUREG/CR-4910 methodology provides an equation for using this information

to adjust the non-stress HEPs and yield the high-stress HEPs. These high-stress HEPs

are used as the task-by-task input values in the HRA event tree developed in the

detailed task analysis. NUREG_"R-491O presents an example ai_licalion that yields

high-stress total failure Wobabilities for a procedure (i.e., eight-step feed-and-bleed

procedure) calculated at 10- to 30-times higher than the no-stress values. In

comparison, the NUREG/CR-1278 methodology yields high sa'ess total failure

probabilities of 50- m 500-times higher than the no-stress values for this example.

The NUREG/CR-4910 methodology includes consideration for the following

parameters:

• consistency with the internal events analysis

• operator's stress

• number ofolx_ators
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• timeavailable

• uncertaintyto accountforerrors
• performanceof a detailedtaskanalysis

The WestinghousePRA for the _ stateKReactorincludesconsiderationfor the
following parameters:

• consistencywith the internalevents analysis
• earthquakeintensity
• locationof operatoraction

3.2.2 NRC Generic Letter 88-20, Supplement 4 and NUREG-1407

N-RCGenericLe4_r 88-20, Supplement4, "IndividualPlantExaminationfor
ExternaUy-lnitiatedEvents"states--the NRC staffconsidersthe lxocedmes descnl_edin
NUREG/L_-2300, _PRAProc_ures Guide,"AmericanNuclearSociety andInstitute
of ElectricalandElectronicEnghteers,Jantlary1983, NURF_R-2815,
"PmbabilisticSafetyAssessmentProceduresGuide,"BmokhavenNationalLalxratory,
August 1985, andNUREG/CR-4840,"Proceduresfor ExternalEventCore Damage
FrequencyAnalyses forNUREG-1150,"M. P. BonnandJ. A. Lambright,
November 1990, to be adequatel_orperformingthe sebmic lPh'_.g,providedthe
enhancements discussedin AIVeadix I of this generic letterarealso included.
requestedenhancementsarealso discussedin NUREG-1407,"Procedml and Sulaniual

Guidancefor the IndividualPlantExaminationof ExtenutlEvents(IPEEE)for Severe
AccidentVulnerabilities,"May 1991.

These enhancementsrequestthatthe seismic PRA methodology includea discussionof
nonseismic failuresandhumanactions thataresignificantcontributorsor thathave an
impacton results.It is an option to submitestimatedHigh Confidenceof Low
Probabilityof Failure(HCLPF)values for the plant, dominantsequences, and
componentswith andwithout nonseismic failuresand humanactions. The NRC will
estimate these if they arenot submitted.

NUREG-1407 likewise identifiesNUREG/CR-2300, NUREG/CR-2815,Vol. 2, and
NUREG/CR-4840as methodologiesconsideredacceptableforperformingseismic
PRAs. NUREG-1407 identifiesNUREG/CR-5477for evaluationof thereliabilityand
usefulnessof the results and insightsobtainedfromexternaleventPRAs. Human
actionsin PRAsarc to be addressedas follows:

1. Seismic PRA methodology enhancementsdescribed in NUREG-1407 include
reporting HCLPF values both with and without the effects of nonseismic
failuresand humanactions.

2. Use of an existing PRA should consider that in several PRAs, nonseismic
failures (e.g., failuresof the auxiliaryfeedwatersystemandfailureof feed-and-
bleed mode of core cooling, battery depletion, power-operated relief valve
failures) and human actions (e.g., delays or failures in performing specified
actionsoroperatormisdiagnosesa situationandtakesan improperaction that is
not related to the actual, current plant situation) have been important
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contributors to seismically-induced core damage frequenciesor risk indices.
Unless nonseismic failures are considew_ improperdecisions may be made
regardingplantmodificationsorpmcedmalchanges.The scopeofnonse_ic
failuresandhumaninteractionsthatmightaffectseismicsequencesshouldbe
basedon internalevents analysis.

3. Documentation and reporting guidelines for the seismic PRA methodology
include providing a description of the consideration given for nonseismic
failures, humanactions,dependencies,etc. The documentationis also to include
a list of importantnonseismic failures with a rationalefor the assumed failure
rategiven a seismicevent.

The NRC GenericLetter88-20. Supplement4, andNUREG-1407.requiresthat
nuclearpowerplantIi_ includeconsiderationfor the following parametersin
their seismic PRAs:

• nonseismic failuresand humanactions

• HRA insights frompreviousseismicPRAs thatmay be relevant,includingdelay
in human actions, failureto takeactions, and misdiagnodsand associated
improperactions

• consistencywithsequencesfrom internalevents analysis
• bases for failureratesused

3.2.3 NUREG-1150,USNRC,ReactorRiskReferenceDocument

• NUREG/CR-4550, Volume 3, Rev. 1, Part3, "Analysisof CoreDamage
Frequency:SurryPower Station,Unit I ExternalEvents,"SandiaNational
Labo_e,s _ber 1990)

• NUREG/CR-4550,Volume 4, Rev. I,Part 3, "AnalysisofCore Damage
Frequency:Peach BottomUnit 2, ExternalEvents,"SandiaNationalLaboratories
(December1990)

The seismic risk-assessmentmethodologyused in NURFJ3-1150is based inparton
the resultsof two earlierNRC-sponsoredprograms. The first is theSeismic Safety
MarginsResearchProgram(SSMRP),which culminatedin a detailedevaluationof the
seismic risk at the Zion NuclearPowerPlant (M. P. Bonn, et al.)'Application of the
SSMRP Methodology to the Seismic Risk at Zion Nuclear Power Plant,"
NUREG/L"R-3428,1983).The secondis The NRC-_ EasternSeismic Hazard
CharacterizationProgram(D. L. Bemreuter,etaL,"SeismicHazard_terization
of theEasternUnitedStates:MethodologyandInterimResultsforTenSites",
NUREG/CR-3756,April1984).Theresultsfromthesetwoprogramsformedthebasis
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fora numberof simplificationsused in the NUREG-1150 seismic risk assessments in
comparisonto adetailedseismic PRA.The resultingmethodology involves the
following seven steps to calculatethe seismic riskat a nuclearpower plant.

• _ thelocalearthquakehazard(hazardcurvesandsite specua).
• Identifyaccidentscenariosfor the plantthatleadto radioactiverelease (initiating

events andevent trees).
• Iktennim failuremodes for theplantsafetyand_ systems (faulttrees).
• _ the responses(accelerationsor foces) of all smgunes andcomponents

(foreachmrfixluakelevel).
• DeterminefragilitiesCtaobabilisdcfailurecriteria)for the imlxramtstructuresand

components.
• Computethe probabilityof core damageusing the informationfromSteps 1

through5 above.
• Es_na_ tmce_uLintyin thecoredamagefreqeencies.

This NUREG-1150 seismicrisk-assessment approachwas used in the externale,vents
analysisfor two nuclearpowerplants,Peach Bottom(BWR) andSurry(PWR).Other
reportspublishedin associationwithNUREG-1150 relatedto the externalevent
seismicand I-IRAmethodologythatwere usedasreferencedinNUREG/CR-4550,
Volumes 3 and4 are:

!

I. NUREG/CR-4840, _)cedures for External Event Core Damage Frequency
Analyses for NUREG-1150," M. P. Bonn and J. A. Lambright
(November1990)

2. NUREG/CR4772, "AccidentSequenceEvaluationProgramHumanReliability
AnalysisProcedure,"A. D. Swain,In (February1987)

3. NUREG/CR-3428,"Applicationof theSSMRP Methodologyto theSeismic
RiskattheZionNuclearPowerPlant,"M. P. Bolm,etaL (January1984)

SeismicHRAapproach,methodology,andconsiderationsfromeachof these
documentsaredescribedbelow.

3.2.3.1 NUREG-1150, NUREG/CR-4$50, Volumes 3 and 4

TheNUREG-1150seismicanalysesasdescribedinNUREG/CR-4550,Volumes3
and4 includeevaluation of humanerrorpotentialin assessing the overall seismic risk
by applyingthe guidancefromtheNUREGICR-4840andNUREG/CR-4772
methodologies. For the NUREG-1150seismic analyses,the initiatingevents and event
trees fromthe internalevents analyseswere simplified,removing considerationsthat
would notapplyunderseismic events. Thisenables comparisonof final coredamage
frequenciesdueto seismicand internaleventsona common basis.Thefaulttrees
included failuresof mechanicalor electricalcomponentsclueto all causes routinely
consideredin internalevents analysissuchas structuralfailure,humanenor,
maintenanceoutage,etc. Forthe seismic analysis,basic event failuresincludedthe
contributionsdue to seismic groundmotions, randomfailures, human errors,andtest

i
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andmaintenanceoutages. Thisincludesconsiderationsof systemdependenciesthat
wouldbe due to the seismicevent itself.The maindifferencebetween an internalevent
faulttreefora safetysystemand an externalevent faulttreeis thatconsiderationmust
be given to thephysical location of the componentsbecause thephysical location
determinesto what extent secondary failuresbecome im_ Examplesof this
would be secondaryfailuresdue to localmasonrywall collapseor due to a high
temperature/steamenvironmentfroma brokensteamline. Hence, in performingthe
seismic analyses, thelocations of all importantpieces of equipmentmust be
determinedanda systematicexaminationforsecondaryfailurepossibifitiesmustbe

, madeduringtheplantwalkdown.
i

3.2.3.2 NUREG/CR-4840

NUREG/CR-4840presentsthemethodsused toperformthe assessmentof riskdue to
externalevents of PeachBottomand Surrynuclearpowerplants underthe NRC-
sponsoredNUREG-1150l_rogram.The methodsdescribedmakefull useof thepower
plants',systems logic modelsdeveloped in the internalevents analyses.This leads to
externalevents analysis thatis consistent both in nomenclatureand in level of detail
with the internalevents analyses,andin addition,includestheappgupt'la_randomand
tests/maintenanceunavailabilities.The descriptionof the seismic methodology
providedin NUREG/CR-4840hasessentially beenreiteratedin theNUREG-1150
externalevents seismic analysesas describedin NUREG/CR-4550,Volumes 3 and4,
such thatNUREG/L"R-4840providesnofurther detail guidanceforperformingthe
HRA for seismic events.

3.2.3.3 NUREG/CR-4772

NUREG/CR-4772providesa _ versionof theprocedure,models,anddatafor
humanreliability analysis fromthatpresentedin the "Handbookof HumanReliability
Analysis withEmphasison NuclearPowerPlantApplications,"NUREG/CR-1278,
A. D. Swain and H. E. Guttman,August 1983. This shortenedversionof TttERP is
calledthe AccidentSequenceEvaluationProgram(ASEP).The intentof this ASEP
HRAprocedureis to enable systems analysts, with minimalsupportfromexpertsin
HRA, to male estimatesof humanerrorprobabilitiesandotherhumanperfomance
characteristicsthataresufficientlyaccurateformanyPRA applications.This ASEP
HRAprtr_ure consistsof

• ScreeningWe-accidentHRA
• NominalWe-accidentHRA
• Screeningpost-a_ident HRA
• Nominalpost-accidentHRA

The trialapplicationsof this ASEP HRA methodologywere performedfor the Surry,
Sequoyah,PeachBottom,andGrandGulfnuclearpower plantsas partof theNUREG-
1150 program.
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As an abbreviatedHRA pmc_ure, thisASEP HRA _ omits some aspectsof
performanceshapingfactors,thecentralraw materialin applyinga full-sc_e HRA
usingtheTHERPhandlxx_ approachdescribedin NURF_/CR- 1278 and
NUREG_"R-2254,"AProcedureforConductinga HumanReliabilityAnalysis for
NuclearPowerPlants,"B. J. Bell andA. D. Swain, December 1981. The
NUREG/_R-4772 ASEP HRAprocedurethereforeresultsin moreconservative
estimatesof BEPs thantheTHERPapproach.Insome cases, differences betweenthe
ASEP HRAand_ HRA l_r_ resul_._ in __ in _ _ HEPs
as largeu a factorof ten. Howev_, in cases in which stresskvels could be a_ssed
as extremelyhigh, therewere no materialdiffenmcesin the resultsobtainedfromthe

ASEP HR andTHERPHRA im3c_ures. This is due toincreaseduncertaintyand
analysts'pessimismconcerningsucce_ underhighsuess conditions.The ASEP HRA
procedurealso concludes thata PRA mustincludea specmlistin HRAas partof the
PRA teamto properlyconsider the impactof humanerrors.

The NUREG/CR-4772ASEPHRA procedureprovidessome guidancenotfound in
NUREG/CR-1278andNUREG/CR-2254,including

• Assessmentof the effects of symptom-orientedemergencyoperating
andmemorizedimmediateactions

• Post-accidentHRA using the nominaldiagnosismodel
• The new set of defini_ons of technicalterms

• Thepre-accidentandpost-accidentscreening
• The uncertaintybounds_on computerIm3grmn
• The trealmentof multipleabnormalevents
• AppendixC to NUREG/L-'R-4772also contains correctionsto NUREG/L"R-1278

andNUREG/CR-2254.

Becauseof the additionalguidanceprovidedinNUREG/CR-4772,a full-scaleHRA
using the THERPhandbookshouldalso consultthe ASEP HRAprocedurefor these
considerations.

3.2.3.4 NUREGICR.3428

NUREG/(_-3428, "Applicationof the SSMRP Methodologyto the Seismic Risk at
theZion NuclearPowerPlant,"published in January1984, is referencedin NUREG-
1150 and in NUREG/CR-4840as providinga detailed evaluationof the seismic risk at
the ZionNuclearPowerStation.The methodsused forand the resultsobtained from

the SSMRPseismic assessment for the Zion plantform the basis for many of the

simplificationsusedin the NUREG-1150seismic PRA proceduresde,wn'bedin
NUREG/L"R-4840.In the areaof HRAfor seismic events, NUREG/CR-3428 treats
humanerrorin the systemfault treemodelsas failuresthatarenot further_duc_ie,
thatis, basicevents. Humanerrorsin thesystemfaulttrees aremodeled as
indq_mdent,randombasic events with failure_fies selectedfn_ma distribution
definedfor each humanerror.A numberof humanerrorbasic eventswere includedon

the faulttrees.These eventsrepresenterrorscommittedby plantpersonnelbefore,

during,andaftertheearthquake.They includeoperator,calibration,andmaintenance
errors.The humanerrorswere assignedfailureprobabilitiesbasedon availabledata,
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with correctionsmadetoaccountforearthquake-inducedoperatorsuess. For simplicity,
it was assumedthatthe_ility is nota functionof the em.thquakelevel. The
maintenanceemxs thisassumptionis acceptablesince theseerrorsoccurbefore the
earthquake.The operat_ e_rorssuch as inadvertentclosureof a safety injectionflow
controlvalve wouldbedependenton operara"stress level andwouldresult in
estimationof humanerrorprobabilityvaluesfor largea"earthquake levels. However,
this errormay takeplace prior to theearthquake,such thatthe HEPestimationis not
influencedby theearthquakelevel Due to thisand other complicatingfactm's,it was
assumedthathumanerrorbasicevems are independentof earthquakemagnitude.

The NUREG-1150PRAsandreferenceddocumentsincludeconsiderationfor the
followingparameters:

• consistencywiththe internalevents analysis
• locationof operatoractionsandimpactof secondaryfailures
• operatorstress
• multipleabnormalevents
• uncertaintybounds
• symptom-orientedemergency_ and_ e.tergency actiom
• lime availablefordiagnoshandresponseactions
• diagnosismers and_
• detailedtaskanalysis

3.2.4 Diablo Canyon PRA, NUREG-0675, Supplement 34, NRC SER and White Paper by
Harold F. Perla (PLG), May 4, 1992

3.2.4.1 NUREG-0675, Supplement 34

NUREG-0675,Supplement34, "SafetyEvaluationReportRelatedto theO_ration of
DiabloCanyonNuclearPowerPlantUnits I and 2,"June 1991, documentstheNRC's
review andacceptanceof theDiabloCanyonfinal reportfor the LongTermSeismic
PLan(LTSP),license condition2.C.(7), "SeismicDesignBasis Re-evaluationProgram
(SSER27 Section W.5)."Thislicen_ conditionrequiredthatPacificGasand Electric
developandimplementaprogramtore-evaluatetheseismicdesignbasesusedfor the
DiabloCanyonNuclearPowerPlantincludingperforminga seismicPmbabilistic
Risk Assessment(PRA).The NRC staffselectedBrockhavenNational Laboratory
(BNL) asthe primarycontractorfor thePRA review.BNL concentratedits reviewon
the internalevents andoverallrisk integrationand sulr,ontractedwithothersto review
specific areas.Seismic hazard,HRA-methodologyonly, fireanalysis,and other
externaleventswere reviewedprimarilyby theNRC staff. The dedailedtechnical
evaluationproducedthroughthe staffandcontractorefforts is _ in NUREG/CR-
5726 (Bozokiandothers, in wocess). On thebasis of its review experience, theNRC
staffconcludesthattheDiabloCanyonPRArepresentsan advancedstate-of-the-art.
Advancedand novel featm'esof the PRA includesenhancedhumanactionsanalysis
discussedin NUREG/CR-5726(Bozokiandothers,in process).The NRC review gave
special attentionto the novel approachto HRA in the Diablo CanyonPRA. This
review focusedon thecredibilityof modelingmethods,sourcedata,and humanfactors
assessmentinstrumentsemployed in assessingthe comprehensivenessof analyses
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ped'ormedforhumanactions,ThescopeofthisreviewincludedWecursms,initiators,
mediatms,andrecoveryforeachPRA accid_tsequence,allowingtheNRC tojudge
the reasonablenessof the results.The DiabloCanyonPRA I-IRAused the following
six stepprocess:

1. Use event sequence diagramsas taskanalysis tools to identify pertinenthuman
actionsthatwould be analyzedas pertof theevent andfaulttrees.

2. Categorizeidentifiedpalis_t humantaskactions asskill-, rule-,or knowledse-
based using Electric Power Research Institute's (EPRI's) Human Cognitive
Response (HCR) _

3. Identify PerformanceShaping Factors (PSFs) by means of a nominal group
techniqueforeach humantaskactionselected for analysis.

4. Evaluate identified PSFs by surveyingoperatmsusinga survey instrumentthat
was developedandIxe-tcstedby the HRAteam.

5. Calculateerrorprobability,recovery, and mw,mlainty estimatesemploying the
NRCs SuccessLikelihoodIndexMethod (SLIM) as the quantification tool and
using the Three Mile Island PRA humanerrordataasboundingvalue&

6. Document HRA results consistent with otherpublished PRAs, _ially the
ThreeMile IslandPRA.

Specific details on this review arefound in Section 3.8 of _/CR-5726. The

NRCstaffconcludesthatthe_ teamconducteda state.of-flw,-mtknowledge
analysisusingevent sequencediagrams,systematicscaling of PSFs withplant
personnelinput,andthe applicationof real PSI=datain quantificationof humanerrors
usinganotherwiseexpert-judgementSLIMapproach.The quantificationresults (point
estimatesand uncertaintybounds)were reasm_le whencompmedto datafromother
PRAs.

3.2.4.2 H.F. Perla White Paper

The WhitePaper,"HumanAction Under Seismic Events,"H. F. Perla, May4, 1992,
discussesan approachforanalyzinghumanactions d_ and subse4uentto a seismic
event thatis consideredto be acccixablebasedon

• Application in the DiabloCanyonPRA for the LTSP andassociatedNRC
¢cqxage

• Application_ _ PRAperformedfor_ VOS'sHR_ farleyat0,k Rk_
N_ien__ red--by _ DOStm_donthefind_ ofa peer
review group

This approachis basedon the pnm_ ttuu_ informationwill be availableto the

operatorfromseismicanydesignedandqualifiedinsuumentation.Given apisWr_
instnnnentation,the operatoractions in the controlroomfor an earthquakeneed to
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consider theimpactGfincreasedemotionalst_s on the _ in an adjustment
factorto theHEPsdeterminedfromthe internalevents HRA.The approachused is to
estimatethe factorto beappliedfrom a linearmodelthatshows no chance of failure
fora verymildearthquakeandguaranteedfailurefora yea3,severe earthquake.This
model is basedon referenceresearchthatstudiedthegeneralresponseof people in
historic_ earthquakesof variousintensifiesandcorrelationto theassociatedpeak
groundacxelerations(referenceMtxlit'tedMetr.alliIntensityScaleandDr. Charles
Richter'scorrelations).The estimationof theadjustmentfactorsto be used also takes
into considerationthe designcapabilitiesof the facilityandthe trainingof the
operationsstaff forearthquakeevents.This resultsin an estimationof whatintensity
of em_quake will notcauseany inctmm_in opega_ actionfailurerates_td what
intensityof earthquakewill havea largeadjustmentfactor,includingwhatthat
adjustmentfactorshouldbe toapproximatea nearc_rtainfailurelikelihood.The
apwoach makesspecialprovisionsforoperatoractionswithcriticaltimelimitations
by directlyassigningHEP values thatalso varywithearthquakeintensity.

Outsidecontrolroomoperatoractionsmustconsiderthe impactthe earthquakemay
haveon accessibilityforexecutingtheseactions.The appm_h includesdetailed
walkthroughsandtalkthroughsto identifyalternateaccesspaths,potentialearthquake
hazardsforeach path,the addeddiWtcultiesassociatedwithcommunicationbetweenthe
controlroomand thepersonnelperformingactionsin theplant,andthe increased
emotionalstressforpersonnelin bothlocations.Thesemmsiderationswere evaluated
to arriveat an estimationof thelikelihoodof success for theoutside controlroom

actionsconsideredto belikely foran earthquakesc,mmrio.

Finally,considerationis given to estimatetheim_t of multiple operatoractions
bothin controlroomandoutsidecontrolmo_ in the It'kelihoodof s_ for these

opem_ actions.Thisevaluationrequiresreviewof wcgedures,practices,andpolicies
withexperience!plantstaff to understandtheissuesasscgiatedwithresomr_allocation
anddirectionunderemergencyplantconditions.

The Diablo CanyonLTSPseismic PRA includesconsiderationsfor the following
parameters:

• consistencywith the internalevents analysis
• detailedtaskanalysis
• olggatm"stress
• earthquakeintensity
• locationof operatoractions
• time available

• multipleoperatoractions

i i i ii



WSRC-OS-93-16 .....Selectin_the SeismicHRAApproachfor SavannahRiverPlantPRARevision1 (U)

3.2.5 Paper by E. M. Dougherty and G. W. Hannaman

The paper, "Human Reliability Assessmenton the Evaluationof ExternalEvents,"
E. M. Dougherty(SAIC.ClearwaterOffice),andO. W. Hannaman(SAIC, San
FranciscoOffice)describesthe,ea_ent giventoHumanReliability,M,_ent
(HRA) in external event PRAs as not having the level of sophisticationgiven to HRA
in internalevents PRA. The lowerlevel of sophisticationis attributedprimarilyto the
inability to predictwith sufficientcertaintytheconditionsthattheoperatorswill face
and the impact this will have on theoperators'performance.In a seismic event, for
example, the survivabilityof equipmentandsmgmms becomes uncertain,theplant
conditionsmay presentphysicalthreatsto the _ inperformingrespm_ and
recoveryactions,andolgraltgs'_ may be divertedto theirfamilies.These
issues result in a lackof psychologicalbases for HRA. Consequently,published
externalevents PRAseithergive no crcdk to operatorintervention,orbase their
estimatesof humanfailureprobabilitieson simpleadjustmentsto humanerror
estimatesfromthe internalevents HRA in orderto account forhighstressor low
clarityof controlroomindications.

ThispaperWopescs that,consistent with the approachof NUREG/CR-4840, HRA for
externalevents requiresa thoroughwalkdownto identifytheinfluences,burdens,
access, hazan_, timing,andpersonnelallocationconsi_ons for insideandoutside
controlroomactionsto supporta full risk andaccidentmanagementprogram.This
l_perdistinguishesbetweencoredamagepreventionactions(describedasrisk

management)andactionto mitigatefurtherdamage(describedas accident
management).Uncertainty,although considered to be high for these externalevents
HRAevaluationconsiderations,maybe boundedby extensiveauditsadaptedto the
specific externalevent.These auditsforseismic eventevaluationsmustincludethe
indications,procedures,andtrainingprovided.Considemtimmincludephysical hazards,
suchas fallen superstructm_,adequatefighdng, andcommunicationavailability.
Havingbuilt.in assumptionsaboutthe numberof operatingcrew memberstends to
reduce the evaluationinsights. Screeninganalysesaresuggestedfor focusing the
evaluationson the significantrisk locations. Simulatorsequencescanbe devel_ to
testcontrolroomcrews inresponseto the events includingwalkdownsof the outside
controlroom actions.

The E. M. DoughertyandG. W. Hannamanpapersuggests the approachfor seismic
HRAs shouldincludeconsiderationsfor the following parameters:

• locationof operam actionsandpotentialsecondaryfailures
• time available

• allocationof personnelresourc_
• detailedtaskanalysis
• simulatorexercisedata

3-12 m11_o
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3.3 Review of Human Performance Literature

The basisforHRA techniquesis theapplicationof knowledge concerninghuman
performanceundera varietyof conditions.Since thestme.of-the-artof HRA in general,
andseismic_ inparticular, is relativelyundeveloped,advancesin the_g
of humanperformancemay nothavebeen includedin the HRA litemm_ to date.To
checkagainstsuch a possibility,a review was madeof themore generalpsychological
andhumanfactorsHteraturefor thefollowing:.

• OneramrWcwklmd(OWL_--Thisareawasoverviewedbasedm thecomlxehmdve
review of Lysaghtetal. (1989), thereview of wmqdoadand modelingmethodsby
BitmerandMorrissey(1990), andthe smnnmryof reseach comparingsubjective
OWL methodsby Hill etal. (1992).

• SeismicandLife EventStreas--Thiswas basedon aDIAIX)G searchof the
psychologicalliterature (PSYCHSCAN) over the last eight yearsaimed atseismic
stress and was augmented by summaries of ongoing life event stress research
(Miller1989) aswell as aclassicalreviewof mess research(Ooldbergerand
Bleznitz 1982).

• PerformanceShaDin_FactorsCPS_This was basedon a DIALOGsearchof the--

EmergencyScience andTechnology(EST)andNationalTechnicalInformation
System(NTIS)literatureoverthe lasteightyearsthataddzessed"performance
shapingfactors."

The resultsof overviewingthesebodies of litemnuearepresentedin the following
sections.

3.3.1 Operator Workload (OWL)

This Lysasht et al. (1989) comprehensive review indicatedpotentialconm'bufionsof
theOWL literaturem seismic HEP.F'Lrst,it summm'LT_researchsupporting the
potentialimportanceoftimestressandtheconsequentpotentialofclassical"time

stressmodelingmethods."Thesemethodsandtheirextensionsaremorebroadly
considenedinthereviewofthe(BitmerandM_ paper).Second,Lysaghtetal,
summarizedstudiesof the subjective workloadmeabxlsthatmay beapplied
prospectivelym estimatethe OWLeffects of variousstressm¢ Dimensionsof
subjectiveOWLandpotentialPSFs me also described.Hill et al. (1992) idenfifcs one
ofthe subjectivemethodsas havingthe greatestpotentialfor seismic

considerations.LysaghtetaL(1989)providesaframewod_foraddressingseismic
HEPsfromtheviewpointofOWL.

BitmerandMorrissey(1990)generallyreviewmembersofthefamilyoftask-analytic
workloadandperformancemodelingmethods,excep_gclassicalPRA methods(e.g.,
THERP).Theyidentifytraditionaltimestressmodelingmethods(includingMMPS)

andpointoutconcernswiththeseconventionalmethodsthataregenerallybasedon
ratiosof task "timesP.._luir_"CI_) and "timesavailable"(TAs)duringcriticalperiods
(e.g.,TR/rA<0.?). Theyalsopointoutlargely-ilpmre_methodologicalissues
including
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• TR andTAUncertainty--Tlw..._areboth impactedby equipmentcondition
uncertaintyfollowing the disruptionof a seismic event as well as the numberof
operatorsavailableaftersuch anevent.

• Conventionalmethodsdo notaddresstx_ential"unda4md'--This has been

identifiedas a growingproblemin autanated systems (e.g., NI_). In these
systems,automationincreasesreducingexcessive opaamr workloadhave
I_Y led to longerperiodsof operatorundo"utilizationand to a different
set of problems.Theseundaloed lxoblems includevigilancedecrementsand
difficultiesin crew transitionto highworkloador emergencyconditions(e.g.,
seismic event).

BittnerandMorrissey(1990) describeda nmnberof modelingmethodsthataddress
lime,stressandassociatedfactorssuch asequipmentconditionuncertainW andnumbers
of opaatcrs.

Hillct al. (1992) provideda comparativercvicw of subjecfivcOWLmethodsthathave
notbeen widelyappliedin NPP settings.These methods,however, canbe employed
pmspectivclyandhavc beenstronglyrelatedto pcffornmncc(l.,ysashtet al., 1989; Hill
ctal., 1992). Oneof the methods,theTaskLoad Index CI_X), is shown to best
calXmesubjectiveOWL by Hillet al. Based upona body of Inevious_h (Hart
andStavcland,1988), TLX has six dimensionsthatcould be influenceby a seismic
event.Theseare

• MentalDemand--this could be increasedby thecomplexitiesgeneratedby
multiplesystemfailuresand/orequipmentuncatainty ff'tcra seismic event

• PhysicalDemand--this could be increasedby havingto workaroundfallen
structuresorwithmarginallighting

• TemporalDe_an_ isanalogoustotimestress,whichwouldbe_ by
failures requiringnear-termactims (lossofriver pumping)

• ]_f._nBalgl_--4h_ wouldbe increasedby the ambiguityof judgingself
performmr.ein thecomplexitiesaftera seismic event

• Effort--this could be increasedto meeta given level of performancebecauseof the
shock anddismayto an individualfroma seismic event

• _ couldbe increasedaftera seismic eventby competingconcerns
for family

Hill et al. (I 990) supportthe potentialof TLX as a methodof integratingsix
perfonnance-sl_ing dimensions

3.3.2 Seismic and Ufe Event Stress

The DIALOG search of the seismic slresspsychologicallitemtme (PSYCHSCAN)
identifiedseveralsalient_3rts. These included

• Aptekar(1990_--This participantobservationalstudyindicatedlonger-lasting
confusion following an earttxluakc,with its aftershockpotential,thanfor
following a hurricane(questioningthe assumptionthatdisastershavecommm,
times forrecovery).

3-14 _I ms._
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• Nolen-Ho¢ksema and Morrow (1991_--This studyof seismic stress response
indicatedthatpersonshavingelevatedlevels of depressionandslress symptoms
beforean eventcontinuedto haveelevated symixoms following the eventwith
highest levels if theevent were personallydangerous(indicating tim seismic and
othersueaseaareat leastadditive).

• _dlio and/mcormf1987Y--Thisstudydiscusses theemotional impactof disasters
(e.g., earthquakesandbombings)andidentifiesreactionsduringthen to include
helplessness,avoidance,as weftas survival-targetedsmaegies (notall of these
appearto beaddreasedin seismic HEPevaluations).

Thesereportsarenot inconsistentwithclassicalstressres_rch (0o1_ and
Breznitz, 1982).Not includedin thelife-events literature(e.g., Miller 1989),however,
is thesubstantialstress that accompaniesconcernsaboutfamily who mighthave been
injuredor killedby the seismic event.The seismic andotherpsychologicalliterature
consequentlypoints to

• the importanceof theunexpectednessof theseismic event
• preexistingandpersonalstressesaccompanyingsuchevents
• individualresponsesthaterenotwell-ad_ in_t HEPevaluations.

3.3.3 Performance Shaping Factors (PSF)

TheDIALOG searchofEST andNTISrevealedabodyofPSF literaturenotcovered
above (oras pertof theparallelexaminationof NRC _tion guidance).Severalof
these articlesappearedto have potentialbutcould notbe fully evaluatedatthis time.
Examplesof these include

• NUCLARR(1990),(a)NuclearComputerizedLibraryforAssessingReactor
Reliability(NUCLARR), DataManual,Part2, HumanErrorProbability(HEP)
Data(NTISPB91-157065/XAB)

• Hiei, S. (1990), Humanreliabilitydatacollection and modelling.In: Hum_
Ieliabilit3,modelinefornuclear__3werplants:Current_atus andfuture_m_spects,
Vienna,Austria:InternationalAtomicEnergyAg_n_y

The referencesidentifiedfromthe ESTandNTIS documentsarelistedin AtlachmentA

ofthisreport.

3.3.4 Discussion Relevant to the Psychological and Human Factors Uterature

This literaturereviewha_revealeda wealth of informationaddressingthe estimationof

seismiceventHEPs. Inkee_ingwithitsgoals,itidentifiedboth

• State-of-the-artmethodsthatcould potentiallybe used by experts to estimatepost
seismicHEPs,and

• SalientPSFs that couldmodify HEPsexpected afterseismic events.

Not all potentialmethodsidentifiedinEmergencyScienceandTechnology(EST) and
NationalTechnicalInformationSystem(NTIS)searchescouldbe overviewed

aThis was partof a set of reportsaddressingboth HEPandother types of system reliability.
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of the massof documentsthatwererevealedandresomce limitations.Likewise, PSFs

containedin timrelevantF_,STandNTIS reportscouldnotbe e,x_

Sufficientinfom_on was_ fromridsR,view;howeve¢,todemminethat
_f-u_n inIxedicfl_ humanp_axmmce,asindicamdbyongoingresearch
efforts in both psychology and human faclms, does not includesufficientevidence that
the HEPandEF figuresus_ in standardTHERPHRA analysis (as modified_o
accountfor theseverity of a seismic cw,nt)shouldbe rcplac_ The dataandresults
repmmiin theseandotherongoingeffmts shouldthereforebe used as additional
informationwhen makingqualim_vedecisions to adjustthe HEP valuederivedby
smndmdtechniques,ratherthanasan attemptto replacethe tabledvalues th_ves.

3-16 .m m.uwo
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4.0 Conclusions and Recommendations

4.1 Conclusions

The seismic HRA infommfion contained in the referenced documents reviewed above

identifies seismic HRA treatment, issues, requirements, and results. This information

is used to concisely identify all the salient parameters that are used in evaluating the

seismic HRA approach alternatives. These parameters include the issues, concerns,
approaches, attributes, techniques, and considerations related to seismic HRA. The

parameters identified from review of all these reference documents are shown along

with the position of each reference document for these parameters in Table 4.1 below.

None of the seismic HRA features identified from these docmnents was specifically

excluded from these identified parameters. Those that are not identified in Table 4.1
should be included as appropriate when addressing one or more of the items that are

identified. These parameters are used as input in establishing the recommended

approach for the SRS PRA Seismic HRA as described below.

Table I. Seismic HRA Parameters Identified from Reference Documentation

Reference Documentation

NUREG/CR- NRC W K-Rx SAIC

Parameters 4910 NUREG- 1150 GL 88-20 PRA Diablo Paper
Internal Events Yes Yes Yes Yes Yes Yes

Compatible

Detailed Task Yes Yes Yes No Yes Yes

Analysis

Operator Stress Yes Yes Not explicitly No Yes Yes

Time Dependencies Yes Yes Not explicitly No Yes Yes

Number of Operators Yes Not explicitly Not explicitly No Not explicitly Yes

EarthquakeIntensity No Not explicitly Yes Yes Yes Yes

Multiple Actions No Yes Ye_s No Yes Yes

Multiple Events No Yes No No Yes Yes

Uncemainty Yes Yes Yes No Yes Yes

Diagnostic Errors and No Yes Yes No No Yes
Recovery

Location of Actions No Yes Yes Yes Yes Yes

Acce_ None NRC NRC None NRC and DOE None

9Jx_rg_wo 4-1
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As indicateAin Table4.1, the reviewandevaluationof the referencedocuments
describedaboveindicatethatthecommonattributes andcurrenttrendsforseismic HRA
include consideration for the following parameters:

• consistency with the internal events analysis including nonseismic component
failures and nonseismic human errors

• detailed task analysis
* operatorstr_s
• time available

• personnelresource availabilityandallocation
. earthquakeintensity
• multiple operatoractions
• multiple abnormalevents
• uncertaintybounds
• diagnosiserrorsandrecovery
• locationof operator actions and potential impact of secondary failures
• data sourcesandbases foruse

The means for addressingeach of these considerations is described below.

4.1.1 Consistency with the Internal Events Analysis Including Nonseismic Component
Failures and Nonseismic Human Errors

This consideration is addressed by Using theexistingTHERP approach and associated
event and fault trees from the internal events analysis with appropriatemodifications
for the seismic event. This approach supports overall consistency of modeling
nomenclature and level of detail and compatibility of results and their interpretation.
This allows appropriate nonseismic component failures and nonseismic human errors
used in the internal events analysis to be carried through to the seismic PRA where
seismic-related failure (primaryand secondary)considerationscan be incorporated. The
sources of data and bases for use for nonseismic failures shouldbe available from

internal events analysis.

4.1.2 Detailed Task Analysis

This consideration is alreadya part of the existing THERP approachand is addressed
for seismic HRA in the same manner with inclusion of the appropriate corrections and
enhancements of NUREG/CR-4772. This will include additional consideration for

seismic event operator action PSFs as indicated in the considerations described below.
For example, considerations that may require additional PSF adjusmaents include: the
procedure type (symptom or rule based) and quality of the procedures, memorized

immediate actions, impact of secondary failures on operator access, higher stress levels
dependent on earthquake magnitude, multiple events and actions and impact on time
available, and clarity of indications for proper diagnosis.

4-2 9u119S_
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4.1.3 Operator Stress

This consideration is addressed within the context of theexisting TI-W.RPapproach
with incorporationof appropriate modificationsandcorrectionsfromNUREG/CR-
4772. The detailedtaskanalysis(DTA) will determineanddocumentthebases for
selection of the appropriateoperatorstressconditionsas an inputto the PSFs.

4.1.4 Time Available

This considerationis addressedwithin the context of the existingTHERPapproach
with in(xa]xration of appropriatemodificationsandcorrectionsfromNUREG/CR-
4772. The DTA will determineand documentthe bases for selectionof _e appropriate
timeconstraintsand limitationsas an input to the PSFs.The analyst will include
considerationof otherappropriateparameterswhenassessingtimerequirementsand
timeavailabilityand will providedocumentationfor these assessments.

4.1.5 Personnel Resource Availability and Allocation

Thisconsiderationcan be addressedwithin the contextof theexisting THERP
approachwith incorporationof appropriatemodifications andcorrections from
NUREG/CR-4772.The DTA will determineand document the bases for selection of

the appropriatepersonnelresourceavailabilityand allocationconcerns as an inputto
the PSFs and the impacton timeavailability considerations.

4.1.6 Earthquake Intensity

This considerationcanbe addressedwithin the context of the existingTHERP
approachwith incorporationof appropriatemodificationsandcorrectionsfrom
NUREG/CR-4772.A boundingcaseanalysisand/ora varietyof earthquakelevels can
be consideredandevaluated.The DTA foroperatoractionsundervariousearthquake
levels will resultin changes in the seismic andoperatoraction failuresconsideredand
in the PSF values used in estimating the HEPsfor these actions. Forexample,
operator access and the impactof secondaryfailuresmaybe a negligible concern fora
minor earthquakeand would have minimal impact on the associated PSF. Alternately a
largeearthquakewouldnecessitatexklw..ssingmost orall of theconsiderationsdescribed
in Table 4.1 including appropriatedocumentationof theanalysts' bases for
decisions/judgments.Where increasedprobabilitiesof operatoraction failures are
determinedto beappropriatebeyond the adjustmentsmade for theother considerations,
an earthquakeintensityadjustment factorcould be applied. Such adjustmentsand
documentation of their bases is an outcome of theDTA. NUREG/CR.4772 screening
techniquesshouldbe used, if appropriate,to focus theefforton the dominant sequences
and operatoractions.

4.1.7 Multiple Operator Actions

Thisconsiderationcanbeaddressedwithinthecontextof theexistingTHERP
approachwith incorporationof appropriatemodificationsandcorrectionsfrom
NUREG/CR-4772.The DTA will determineanddocumentthe bases foranalysis of
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the impactof multiple operatoractions as an input to the PSFs for operatorerror
likelihood and the impacton personnelresourceavailabilityand allocation along with
timeavailability considerations.

4.1.8 Multiple Abnormal Events

This consideration will be addressedwithin the context of theexisting THERP
approachwith incorporationof appropriatemodificationsandcorrectionsfrom
_/CR-4772. The treatmentof multipleabnormalevents as described in
NUREGICR-4772shouldbe incorporatedinto theTHERPmethodology, as
appropriatefor the existing SItS THERPprocess.

4.1.9 Uncertainty

This considerationis addressedwithin the context of the existingTt/F.RPapproach
with incorporationof appropriatemodifications andcorrectionsfrom NUREG/CR-
4772. The uncertaintyvalues from the THERPandNURF_/CR-4772 documentscan
be propagatedusingthe programprovidedin NURFJ3/CR-4772or an equivalent
technique.

4.1.10 Diagnosis Error and Recovery

This considerationis addressedwithin thecontext of the existing THERPapproach
with incorporationof appropriatemodifications andcorrectionsfromNUREG/CR-
4772. Equipmentqualificationconcernsand potentialconflicting or misleading
indicationsshouldbeconsideredfor impactonproperdiagnosisandrecovery.When
this concernis viewed as a real threat,analystjudgmentmay be necessaryin providing
theappropriateHEPinputvaluewithdocumentationof thejudgmentandbases.

4.1.1 1 Location

This considerationis addressedwithin thecontext of the existingTHERPapproach
with incorporationof appropriatemodificationsandcorrectionsfromNUREG/CR-
4772.TheDTA will evaluateand documenttheimpactthatlocationandtheassociated
accessibility and secondaryfailureconsiderationshaveon operatoractions and their
PSFs.The evaluationmay need to includeanalysis of alternatepathsforperforming
the remoteaction andtheassociatedcommunicationneeds.

4.1.1 2 Data Source and Basis for Use

This is addressedby thoroughdocumentationof theHRA process including thechoice
of the data sourcesused and discussionof the basis foruse in the seismic HRA.
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4.2 Recommendations

A state-of-the-an Seismic HRA should specifically considereach of these parametersin i
theevaluationanddescribethe wocess used for these considerations.It is possible that
one ormore of these considerationscanbe combinedundera specific HRA task,as
indicatedin theabovedescriptionof the meansto addressthese parameters

The recommendedapproachfor the Seismic HRA for SRS PRA Rev. 1 is to use the
THERPmethodologyfollowing the guidanceof NUREG/CR-1278 andNURFX3/CR-
2254, incorporatetheupdates,modifications,enhancements,andcorrectionsprovided
in NUREGICR-4772.This approachhas the following benefits:

• compatiblewithinternalevents HRA THERPmethod
• address_ the import,-mtparametersidentifiedabove
• has receiveda verybroadlevel of acceptancethroughthe NRCs NUREG.1150

program
• allows flexibility in level of detail/rigorin focusing on risk-significanthuman

actionsand in refiningHEP values withexcessive conservatismto yield more
realisticresults

Inperformingthe seismic HRA, therecommendedapproachconsidersthe parameters
describedaboveandreviews,evaluates,anddocumentstheirinputin quantifyingthe
HEP valuesof each operatoractionwithin thecontextof theTHERPtechnique.Many
of theseparametersarerelated,andtheirimpacton the _ shouldbe considered
togetherso thatthequantitativeinfluenceof a relatedset of parametersis countedonly
once. The documentation,however, shouldclearlyindicatetheconstituentsof the sets
of parametersevaluatedandthebases forthedataorjudgmentsused.
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AGARD/AMPsymposiumon informationmanagementanddecision makingin
advancedairborneweaponsystem&Toronto (Canada),15-18 Apt"1986.
Microficheonly.
NTIS Prices: MF Eft7

Countryof Publication: Germany,FederalRepublk of
A surveyof humanerror(HE), its definition,nalnreof HE and thecategorization

of BE's,caus_ andpreventionmeasuresis described. Thena HE ratingscale is
introducod,whichallows theassignmentof HEprobability(HEP)values measured
into 10 "reliabilityclasses"(RC). Basedon HEPvalues measuredfora numberof
humanperformancesa "TaskTaxonomyMethod"is developed. Thismethodallows
to assigna relativeweight to ell task factorsand to all perfonnancoshaping factors
(PSF) involved in thetaskperhmnaw.e.The task taxonomymethodis a tool to
predictthe HEPandRC of tasksallocatedto man. Sucha predictive tool is used for
analysis,definition anddesign of man-machinesystems. Finallyrulesof an expert
systemaredescribedwhich facilitatestheapplicationanduse of the tasktaxonomy
method. (orig.). (Copyright(c) 1988by FIZ. Citationno. 88:080113.)
Descriptors: *Pilotperformaw_ Computerizedsimulation;*Piloterror,Task
complexity;Taxonomy;Performanceprediction;Reliabilityanalysis;Man-machine
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Behrendt,V. ; Krehbiehl,T.
Bundesmims"terium fuer Umwelt,Natur_hutz undReaktorsicherbeit,Bonn(Germany,
F.R.).
Corp. Sourc_Codes: 088412000
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Languages: German
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The studycontainstwo parts. In the first partan analyticalprocedureis developed to

logically andreproduciblysubdividethe controlroompersonneltasksresulting ina
listof the elements (operations)andthe suucU_ (operationsscheme)of a ink. The
secondpartlists togetherallknowledge of and influenceson humanengineeringwhich
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ate knownat this time andwhich shouldbe takeninto account in designing control
rooms. The contentof this cataloguecanbest be used andWesentedby usinga
personalcomputer.Two fundamentaldifferentwaysatepossibleto usethecatalogue.
Designingnew controlroomsornewpartsof controlroomstheresultsof thetask
analysis which shouldbe done first,shouldguide the searchin thecatalogueto find
the fight humanengineeringfactors. For assessing existing controlroompanels the
performanceshapingfactorswhich areestablishingthe tableof content,permita quick
access to thecatalogue. Both thespecific procedureof the taskanalysisandthe
differentways of access to thecatalogueof humanengineeringknowledge for
designingnuclearpowerplantcontrolrooms havebeenprovenby experiencedsystem
engineersandsafetyextgrts. The resultsare_ They have beenctl_deged in
this version of the study. (orig.). (Copyright(c) 1987 by FIZ. Citation no.
87:081572.)
Descriptors:*Nuclearpower plants;*Humanfactors engineering;.*Controlrooms;
Humanfactors;Reactor_ Reactoraccidents;Reactorsafety;.Catalogs;
Documentation: Display devices;Computergraphics;Man-machinesystems;
Information;Signals;Biological stress;Communications
Identifiers:*Foreigntechnology,NTISTFFIZ
Section Headings: 77H(NuclearScienceandTechnology-Reactor Engineeringand
NuclearPowerPlants);97Q (Energy-SelectedStudiesInNuclearTechnology)
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Human Factors StudyConductedin Conjunctionwith a Mini-RoundRobin
Assessmentof UltrasonicTechnicianPerformance(Technicalrr.pt.)
Wheeler, W. A., W. L. Rankin,J. C. Spanner,R. V. Badalamente,T. T. Taylor
BattellePacificNorthwestLabs.,Richland,WA.
Corp. SourceCodes: 048335000;
Sponsor. BattelleHumanAffairsResearchCenters,Seattle.WAd NuclearRegulatory
Commission, Washington,DC. Office of NuclearRe,actorRegulation.
Report No.: PNL-5757
Aug 86 97p
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JournalAnnotur,emenu GRAI8624

Also pub.as BattelleHumanAffairsResearchCenters,Seattle,WA. repL

no. BHARC-4(X)/86/(X)I.Preparedin c(x)lx_tion with BattelleHumanAffairs
ResearchCenten, Seattle,WA. Sponsoredby NuclearRegulatoryCommission,
Washington,DC. Offr.e of NuclearReactorRegulation.
NTIS Prices: PC AOS/MFA01
Countryof Publication: UnitedStates

The reportdescribesthe findingsfroma limitedhumanfactors(HF) study
conducted in conjunctionwith a Mini-RoundRobin(MRR) heldat the Pacific
NorthwestLaboratory.The purposeof theI-IFevaluationwas to aca:iui_preliminary
dataonperformanceshapingfactorsthataffectultrasonictesting(UT)reliability;to
testtheefficacyofrelativeolgrating_c analysisforrepresentingUT
accuracy;andtodeterminethedirectionoffutureI-IFeffortsintheNDT area.The

purposeoftheMRR wastoevaluatetheabilityofnondesuuctivetesting(NDT)
techniciansto detect intergmnularstresscorrosioncracking(_'GSCC)using UT
techniques. A furtherpurposewas to measureimlxovem_ts in technician
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pegfermancefollowing implementationof I&E Bullelin83-02 andqualificatkmfor
IGSCCdetectionat the EPRI-NDECenter.

Descriptm¢ *Pmmnel; *Pe_onnmce evaluation;Inspectim; Ultrasmic tests;
Humanfaclms_ Nondesmcdve ;P.,m;Reliability
Identifiers: NTISNUREG;NTISDE
SectionHeadings: 51(BehavioralandSocial Sciences-Penmn_l Selection,Training,
endEvmaaon);92A(BehaviorandSociety-JobTrainingandCareerDevebpmen0

35/5/8 (Item8 fromfde: 6)
1207853NTIS_on Number:.PB86-218815/XAB
Re_ab_ityofla_ In_ec_onofTranspmAtcraftSncun_ (Fmarep.)
Lock, M.W.B., J. E. Stmtt

Civil Avtut_n Ae_ty, Loam (Engbnd).
Corp.SourceCode¢O78399OOO
RelX_ No.: CAA/PAPER-85013;ISBN-0-86039-251-1
c1985 121p
Languages:English
Journal Annomcement: GRAI8621
NTIS Pdce¢ PC E(WMF FJ)6
Couneryof Publication:UnitedKingdom

A studyhasbeen madeof the refiabilityof slru_ural inspectionof transport
aircraftwithperticularemphasisbeinglaidon the influenceof humanfactorson the
pedonnance of _on. Dm fcf the studywas obta/nedfrom_ sours:
dbewions withandvisits to _ mandat_ eccen_ee _In_ a _
_ ammgstselecU_ eircr_ operat/n8mmlmies andby detailedtaskenalysisat
shopfloor level. The LmlXXmmeof van0mperf_dwpin8 factorstothe
inspectionactivityhas been es_blishe¢
Ik.cdlxo_ *T_ aicraft;Smcunl aaalysi¢ lnspectim;Reliability;,Enors;
Aimaft

Identifiers:*Foreigntechnology,NTISTI_AA
SectionHeadings:IC (Ae_'onmaics-Aircraft);14D(Metlxxlsand
Eqeipmont-Re_bility);51C(AromaticsandAe_lynamics-Aircraft);94B
Ond_ andMechanicalEn_--Qe_ty ControlendReUabtUty)

3515/9(Item9 florafde: 6)
1188709 NTIS Accession Number:.NUREG/C'RJA30-V1/XAB
HumanReliabilityImpacton l_ezvk_ Inspection.Phase I SummaryReport
cr_ rep.)
Spanner, J. C., R. V. Badalamente,W. L Rankin,1".J. Triggs
BattelleHumanAffairsResearchCenters,Seattle,WA.

Corp.SourceCode¢ 0576ff200_,
Sponsor:.BattellePacificNotlhwestLab¢,Richland,WA.;NuclearRegnlalmy
Commission,Washington,IX:. Officeof NuclearRegulatoryR_h.
ReportNo.: PNL-5641-VOL-1;BHARC-40(_5/U16-VOL-1
Mar86 113p
LanguaSes:English
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See also NUREG/CR-4436-V2.Also pub.as BattellePacific Nco.hwest Labs.,
Richland,WA. repc no. BHARC-40(OS/016-VI. _ in ¢cc_ with
BattellePacificNorthwestLabs.,Richland,WA. S_ by NuclearRegulatory
Commissim, Washington,DC. Office of Neckar Regulmmy Research.

NTIS Prices: PC A06/MF A01
Countryof Publication: UnitedStates

The n_cN documentsa feam'bili_studycomlucledto idemify, _, and
evaluatethe humanreliabilityaspects of uluasmk: _ impectim
(LFF/ISI).Duringthe study,lhe following fourinter-dependenttaskswere completed:
(a) performa literatm_surveyto identifysignifiu_ Immanpeffommncefactm_and
developa bettermeasureof Iztfmmm:e f_the UT/ISIprocess;(b) developtask
elementdescriplionfora typicalUT/[SI _ (¢) _ a testplanto conducta
humanperfixnmnceevaluationinconjunctkmwith a mini-roundrobinsmdr, and(d)
pn_me aIxojectplanforcond_tinglheneededfolk_-mwodciden_zdduringbhe
feasibilitystudy.Thereportincludesansssesm_.ntofUT applicationsinthenuclear
industry, emphasizing the IFITISIsystem _, vquipmeat,andIXocedums). A
man-_ sys_n model is wed to describethe UT/ISIprocess,and theRelative
OperatingCh_:_ (ROC)mdym _ for _y=ng NDT pafom_
discussed. Thefive basic pcrf_ slmpingf_t_ (vm_les) areevaluaml with
respectto potentialimpacton UT/ISIperfomm_
_pt_: *Nuclearpowerplants;Reliability;_; Peffommnceevaluation;
Suess _; Pipes(Tubes)
ld_tifi_: *Nuclearindumy;,*_ testin_ *Humanfactors;Task analysis;
NTISNUREG;NTISDE

SectionHeadings: 181(NuclearScience andTechnok_-_ En_ and
O_on); 14B (MethodsandF_quipmczt-Lalxzralmics,Test Facilities,andTest
Equipment);5E (BehavioralandSocial Scicnces-HunumFactorsEngineering);77H
(NuclearScienceandTvclmology-Reac_ En_ andNuclearPowerPlants);
95D (Biomedk,alTechnologyandHumanFg:torsF.mgineefing-Hmn_ Factms
End)

35/5/10 (Item 10 fromfile: 6)
1114079 NTIS Accessm Number:.DE85004778/XAB
Simulstor_m: F.ff_u of F.x_ of Sw_ Rm:mr Opuawm snd of
Presenceof a Shift TechnicalAdvisoron Pe_t'numce ina Boiling WaterReactor
Conuol Room

Beare, A. N. ; Dorris,R. E. ; Gray, L. 14.
Oak Ridge NationalLab., TN.
Corp. Source Codes: 02131000@,4832000
Sponsoc. Genaal Physics Corp.,Atlanta,GA.; I_ent of Energy, Washington,
DC.

ReportNo.: ORNL/TM-9327
Dec 84 171p
I_su_ _SUsh



SelectinfftheSeismicHRA Approachfor SavannahRivetPlantPRARevision I (U) WSRC_)S-93-16

Journal Anmmncemeat: ORAl8510;,NSAI000
are illegible in microficheproducts. Originalcopy availableuntilstock is

exlmuslaL
NTIS Prices: PC A08/MF A01

Countryof Publication: UnitedStates
ContractNo.: AC05-84OR21400

Thisreportdescribesthefirst_nt inaNuclearRegulatory
Commission-spon.q3redprogramof Irainingsimulatorex_ andfielddam
collection to evaluatetheeffectsofselectedpsfformm_oshapingfactorsonthe
perfomuugeofnuclearpowerplantcontrolroom_. Thefactmsinvestigated
weretheexpsri_celeveloftheSeniorReactorOlggal_(SRO)andthe_ ofa
ShiftTechnicalAdvisor(STA),Datawerecollectedfrom16two-mancrewsof
licensedoperators(one SROandoneRO). The crews were split into highandlow
SRO-experiencegroupson the basisof the yearsof experienceof the SROs as SROs.
One half (4 of the 8 crews in each group)of the high-andIow-SROexpaience groups
wen_assistedby an STA oran SROactingas an STA. The crewsrespondedto four
simulatedplantcasualtieswhichrangedin severityfroman uncomplka_ turbinetrip
m an anticipatedtransientwithoutscram(ATWS). No significantdifferencesin
overallperformancewerefoundbetween groupsled by high(25 to 114 months
licensedas an SRO) and low (1 to 17 monthsas an SRO)experienceSROs.
However,crewsledby low experienceSROs tendedto have shortertaskperfonnam_
times thancrews ledby highexperienceSROs. Althougha tendencyfor the
STA-assist_ groupsto score higher on fourof the five measureswas observed,the
presenceof the STA hadno _tie__'_Jllysignificanteffect on overallteamperformance.
The correlationbetweenindividualperformance,as measuredby fourof the task
performancemeasures,andexperience,measuredby monthsas a licensedoperator,was
notstatisticallysignificant,norwas thecorrelationbetweentaskperformanceand
recencyof simulatortraining. 18 references,5 figures,13 tables.(ERA citation
10:008654)
Descriptors:*Reactor_; Behavior;*ControlRooms;HumanFactors;
*PerformanceTesting;ReactorAccidents;ReactorSafetyExperiments;Reactor
Simulators
Identifiers:ERDA/22090_,NTISDE
SectionHeadings: 5I (BehavioralandSocial Sciences-Personnel Selection,Training.
andEvaluation);18I(NuclearScienceandTechnology-ReactorEngineeringand
Operation);70D (Adminislra_onandManagement-PersonnelManagement,Labor
Relations,and ManpowerStudies);T?H(NuclearScience andTechnology-_tor
Engineeringand NuclearPowerPlants)

35/5/11 (Item 11 fromfile: 6)
1027197 NTIS Accession Number:.NUREG/CR-3458

Evaluationof the NuclearPower PlantOperat(xLicensingExamination(Final repL
Oct 81-May82)
Fullerton,A. M., E. Peelle, J. H. Reed, O. W. Mo_on, and S. J. Liebowitz
Oak RidgeNationalLab.,TN.
Co_. SourceCodes: 021310000
Sponsor:. Nuclear Regulatory Commission, Washington,DC.; Depamnentof
Energy, Washington,DC.
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RepoetNo.: ORNL/FM-8895
Oct83 169p
t.eng.age=gJish
Journal An,oew.emenC GRAI8404
NTIS Prices: PC A08/MF A01
Countryof Publication: UnitedStates
ContractNo.: W-7405-en8-26

The reportcontainsfindingsandconclusionsaboutthe NuclearRegulatory
Commission'snuclearpower plantoperatorIkensing examimm'onbasedon six
monthsof field work in late 1981 andearly 1982. Thisreport includeschapterswhich

andevaluatetheexaminationsystemsas theyexisted at the timeof the field
work. Therearealso discussionsof the cow,e_ of validityend reliabilityas they
relateto the controlroom_ exam/natio_ openuorI_fonmmce measures,and
perf---shaping factors. The last halfof the reportfocuses on whatcouldand
shouldbe done to the cpemD"liq_nsingsystem. Tbe relx_ arguestlmtany new
examinationmustbe basedon taskanalysisand slmuldimux'pome methodsfor
measuringoperators'problem solvingability in ill-definedsituations.It is arguedthat
theNRC needs to clarifywhethertheirlicensing examination is to be a testof
minimalcompetenceora mastertest, whetherthe cxamimm'onsystem is to serve the
selection function,andwhetherseparatelicensing testsareneededforROsandSROs.
The lastchapterdetailsa modelof a new licensingpar,ess. Featuresof the process
includevalidatedselection procedures,a computerizedbasicknowledgeexamination,an
aplnnticep periodwithdocumentationofpexnmce, andacomput=imi,
test to assess problem-solvingabilityand systemmdmsmmiin8.
Descriptors: *_l); *licenses; *Nuclearreactors;
Examination;Validation;Problemsolving;,Perfonmm_ evaluation;Job analysis
Identifiem: NTISNUREG;NTISDE
Se.,_on Headings: 51(BehavioralandSocial Sciences-personnel Selection, TralninS,
andc 1aluation);5J(BehavioralandSocial S_qences-peychology[Individualand
GroupBehavior]);70D (AdminislrafionandManagement-_l Management,

Relations,andManpowerStudies);9213(BelmviorandS_iety-Psyc_logy)

35/5/12 (Item 12 fromfile: 6)
1021429 NTIS Accession Number:.NURF_/CR-3414

Evaluationof TrainingProgramsandEntryLevel QualificationsforNuclearPower
PlantControlRoom PersonnelBased on the Systems APlm3achto Training
Haas, P. M. D. L. Selby, M. J. Hanley,R. T. Mercer
Oak RidgeNational Lab.,TN.
Corp. Source Codes: 02131000(Y,
Sponsor:.EcloctechAssociates, Inc.,North Stonington,CT.; Nuclear Regulatory
Commission,Washington, DC., Delmrlmentof Energy, Washington,DC.
ReportNo.: ORNL/TM-8848
Sep 83 123p
Languages: English
JournalAnnouncement: GRAI8402

Preparedin cooperationwith EclectechAssociates, Inc.,North Stonington,CT.
NTIS Prices: PC A06/MF A01
Countryof Publication: UnitedSta_
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Contm:tNo.:W-7405-eng-26

The _ summ_zml resultsofresearchsponsoredby theU.S.Nuclear

RegulaloryConmlission0qRC) OfficeofNuclearRegulatoryResearchtoinitiatethe

use of the Systems Aplm3ech to Training in the evaluation of training wograms and

entrylevel qualificationsfor nuclearpow_ plant(NPP)persmu_L Variables

(Pedonnanc_shapingf_m) of potentialimlx_m_ to personnel selection and

trainingare identified, and resemchto more rigorously define an operationally useful

taxonomy oftho_variablesis recommmkxL A high-level "model" oftheSystems

ApproachtoTrainingforuseinthenuclearindustry,whichcouldservem amodelfor

NRC evaluationofindustryprograms,ispresented.The modelisconsistentwith

currentpublicMlystatedNRC policy,withthe_h beingfoUowedby the

InstituteforNuclearPowerO_, andwithcun_nttrainingleclmology.

Checklists to be used by NRC evaluators to assess Iraining programs for NPP
conurol-roompersonnel axe proposed which me based on this model. In an appendix,

a "typical" media selection model is illusmaed which might be used in the design of

Iraining systems for NPP control.room persmnel. Further assessment of the proposed

checJdists to assure practicality, utility and acceptability is recommende_L In addition,

other issues re_ to ernining-effcctivenessevaluation are identifkd, and a

comprehensiveresearch approach to address them is outlined.

Descriptors: *Specialized ira/n/rig; *Nuclear powe¢ plants; *Personnel selection;

Qualifications; Job analysis; Evaluation; Perfmmnce sumdads; Models
Identifiers: NTISNUREG; NTISDE

Section Headings: 51 (Behavioral and Social Sciences-Personml Selection, Training,

and Evaluation); 92A* (Behavior and Society-Job Training and Career Development)

35/5/13 (Item 13 from f'de: 6)

1021416 NTIS _on Number:. NUREG/CR-2986

Use of Perfommnr_ ShapingFilms andQuantifiedExpe_ Judgeanentinthe

EvaluationofHuman Reliability:An InitialAppraisal

Embrey,D. E.

BrooldmvenNationalLab.,Upton,NY.

Corp. Source Codes: 004545000;,

Sponsor:.Human Reliability Ass(ciales Ltd., Dalton (F.,nglmm').;Nuclear Regulatory

Commission, Washington, DC.; Department of Energy, Washington, DC.

Report No.: BNI__-51591

May 83 80p

Languages: English
Journal Announcement: GRAI8402

Prepared in cooperationwithHuman Reliability Associates Ltd., Dalton (England).

NTIS Prices: PC A05/MF A01

Country of Publication: United States
Contract No.: DE-AC02-76CH00016

The first part of the repoN considers the nature of human reliability assessment,

and the techniques cun'endyemployed. It is ccnclud_ that mostapproachesare

limited by the availability of data. Approaches to the subjective assessment of error

are surveyed. A particulartechnique which has been develoixxl, the Success Likelihood

Index Mezh(xk)logy(SLIM), is described in ,delail, togeflcr with the practical steps

for its implementation. The results from a trial applicatm of a questimumire designed

m _Jc-itjudges' perceptions of the relative im_ of perfonnan_ shapingfactors

sux11_Mwo A-II
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indeWrm_ng humanreUabtll_me analyzed.A revisedformoftheque_omu_
wesen=dforfutweuse.A pilotexperimenttoinve._ga_therelationshipbetween
mbjectivelyderivedindicesofsuccessforsixtasksandtheirobjectiveprobabilityof
=w,ce= tsde,cdbecLTheresultsindk=tethattheSLIM im potentialvaine==a
Ixedictive technique. Some requ/rementsfora Ixegmm of researchto producea
gmeraIiyeppficablemethodologymeset out.
DescriptOrS:"Personnel;*Reliability;Metlmdology;_nt: Judgment;Human
behavior:,_I); Nuclearpowerplants;Failure
Identifiers:NTISNUREG;NTISDE

SectionHeadings:_ 0khavicndsadSocialScimc=-P_ok_y [U_dividmdand
(;mapBehavior]);510khavlondandSodzdSc_Pazzm_ SeCtion,Tmini_,
andEvaluaeon);92a* OkhaviorendSociety-P_d_to_.); 70D (Adminisme_ and
Management-PersmnelManasemeat,LaborRelatiem, andManpowerStudies)

35/5/14 (Item 14 fromfile: 6)
1018444NTIS Accession Number:.DE83(X)9292

Approachto Modelingof Human PerformanceforPurposesof ProbabilisticRisk
_nt
Swain. A. D.
SandiaNationalLabs.,Albuquerque,NM.
Corp.SourceCodes:068123000;9511100
Sponsor:. Departmentof Energy, Washington,DC.
ReportNo.: SAND-83-0447C; CONF-830902-1
1983 29p
Iamguages: EnglishDocumentType:Conferenceproceeding
JournalAnnouncement:GRAI8402;NSA0800

NATO humanfactorsmeetingonthelheo_andnatm_ofhmnanerror,
Beilagio,Italy,5 Sep1983.

PortionsareillegibleinmicroficheIxoducts.
NTISPrices:PC A03/MF A01
Country of Publication: United Stales
ContractNo.: AC04-76D_89

Thispaperdescribesthegeneral_ takenin NUREG/Gt-1278 to model
humanperformanceinsufficientdetailtopermitIm3babilisticrisk_ents of
nuclearpowerplantc_erations.To showthebasisfortheminespecificmodelsinthe
above NUREG, a simplified modelof the humancomponentin man-machinesystems
ispresented,theroleof'perfommnceshapingfactorsisdiscussed,andspecialproblems
in modeling thecognitiveaspect of behaviorare_cn'bed. (ERA citation08:049202)
[k,scriptors:*NuclearPowerPlants;*Reactor_ *Risk Assessment;
ReactorSafety;PerformanceReactorOperation;ReactorMainteamr,e; Human

Factors; Human FactorsEngineering
Identifiers: ERDA/22090_, ERDA/210000; NTISDE
Section Headings: 51(BehavioralandSocial Sciences-_l Selection, Training,
andEvaluation);70D (AdminislrafionandManasement--PemonnelManagement.
Lal_r Relations, and Manpower Studies);77GE (NuclearScience and
Ted=ok__)
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35/5/15(Item15fixHnfile:6)
%1253 NTISAccessionNumber:.NUREGICR.2534

CriteriaforSafety.RelatedNucleerPowerPlant_ Actiom:InitialBoiling
WaterReactor_WR) Shnula_Exendm
Bem_, A. N,, D. $. Crowe,E. J. Kozinsky, D. B. B_..q, P. M. Hans
OakPddgeNmiomdLab., TN.
Co_. SourceCodes: 021310000
Sponsor:. _ent of Energy,Wash/n_, DC.; NuclearRegulam_
Commission, Washington, DC.
ReportNo.: ORNtJTM.8195
oct82 1O9p
Languages: English i
JournalAnnouncement:ORAl8309

Pr_rm_incccpcn_ withOmmdPhysic8Corp.,C'_m_mccSLTN.
NTIS Prices: PC A06/MF A01
Countryof PubUcation:UnitedStates
ContractNo.: W.740S-eng-26

The primaryobjectiveof theSafety.Rekted (_ Action Programat Oak
RidgeNationalLalxntory is to providea database to supportdevelopmemof criteria
forsafe,_/-relm_ 8cfion by nuclearpow_ plantoperalcN. Thisreport_ts initial
damobtainedfromtenexercises_ in a boilingws_ reEmr pow_ plmU
conrail roomsimulator. The tenexerciseswerepcrfmmcdby24 groupsof operators
fromthreeutilities.Opcm_ performancewasrecordedautomaticallybya program
called thePeafonnanceMeasurementSystem runon [he simMmor'scompuw.r.Data
tapeswe_ __nlJy mMdy'z_dI0 exlrEt _ response time(R'r)anderror
inf_ In _, dcmollnV_ md subjec_vedm werBconectedandsnalyT_
in anatle2nptm identifyandevaluatethepossibleeffects of selected
pcrfcmm_shapingfactorsonoperatorperf_ Thedatacollectedwillbe
comparedto field databeingcollectedon similarmalfunctions.Thatcomparisonwill
providea _ for exualmlationof simulatordatato actualoperatingconditions. A
baseof operatorperfommce datadevelopedfromsimulatorextents canthenbe
used to establishcriteriaandmndm_, evaluatetheeffects of perfommnce-slmping
factors,andsupportsafe_//rlsk_ analyses.
Descriptors:*Nuclear_ safety;*Humanfactorsengineering;
Ope_); Tunemxlies;Sundm_Pcrfomumcc;ErroN
Identifiers:NTISNUREG;NTISDE
Section Headings: 13L(Mechanical,Industrial,Civil, andMarineEngineering--Safety
Equipment);5E (BehavioralandSocial Sciences-Human FactorsEngineering);77F
(NuclearScience andTechnology-RadiationShielding,Protection,andSafety);95D
(BiomedicalTechnologyandHumanFactomEngineering--HumanFactors
Engineering)

35/5/16 (Item 16 fxomfile: 6)
956300 NTIS _on Number:.DE82018771
Modeling of Reslxmse to Nuclear-Power-PlantTransientsforPmbabilisticRisk
_nt
Swain, A. D.

SandmNationaltabs.,Albuquerque,NM.
Corp. SourceCodes: 068123(X}(Y,9511100
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SponsorDepmunantofEnm_,Was_gmn.oC.
Report No.: SAND-82-0594C; CONF42(M31-1
19s29p
Langtm_ _mgUshDocumeutType:_ pmceedUtg
Journal _ent: ORAI_{]6; NSA07_

Congressof IntonationalBtlgmtom_ .Asmctali¢_ Tokyo, Japcm,23 Aug 1982,
PunJmmofdocmnentareillegible.
NTIS Prices: PC A02/MF A01
Countryof PubliC: UnitedStates
ContractNo.: AC04-76DP00789

Themme manyqualitzdvemidquantitative models of human pmfmnuuge. Most
of these models eitherwere not intendedforcumnt 8pplimJon to theprobebllistk risk
aumsment (PRA)of nuclearpower plant(NIP) opmttons, or they_ on dam
wh/ch arenot yet available. This limitationis _y truein the areaof cognitive
behaviorincomplex systemL ThisInperbriefly degribes a generalqualitativemodel
(.mmdigm)of hmmmperformancein complexsysmns, the roleof perf_
shapingfactorsin PP._, andmodel fee one type of cognitive behaviorof NPP
personnel.The key to the mocklsis thatthey cmtain no more infmmationtim is
necessaryandavailableforPR_ they m_not intrudedto describein detail the
underlyingdynamicsof humanbelmvioc(ERA cilmion0?.'054032)
Descriptors: *Nuclear power plants; "Risk 8umessment;Reactm' safety;,
Reactor accidents;Reactor opm,atms;Humanfncan; Pefforma,-ge
Identifiers:ERD_ ERDA/210000;NTISDE
SectionHeadings: ISE(Nucle_ Sckn_ andTechnology-Nuclear PowerPlants);771:
(NuclearScience andTeclu_logy-Radiation Shielding,_ andSafety);771-I
(NuclearScienceandT_-ReecUr Enginem_mgandNuclear POwerPlmu.q)

3515/170tem17fromfile:6)
914714 NTIS Accession Number:. NUREG/CR-2255
ExpertEstimationof HumanEn_ Probabilitiesin NucleE Power Plant
O_ A Review of ProbabilityAssessmentandScaling
SlfllweIl, W. G., D. A. Scarer, J. P. Schwartz
SandiaNationalLabs.,Albuq_, NM.
Corp. Source Codes: 068123000

Sponsor:. Nuclear Regulatory Commission, Washington, DC.
ReportNo.: SAND-81-?I40
May 82 65p
Languages: English
JournalAnnouncement:GRAI8223

Prepm_ incoow.mtion with Decision Science Consortium,Inc.,Falls Church,VA.
NTIS Prices: PC A04/MF A01
Countryof Publicalion: UnitedSUUe.s

Thisreportreviewsprobabilityassessmentand psychologicalscaling techniques
thatcould be used to estimatehumanerrorprol_b'litiu (HEPs)in nuch_' powerplant
operations. The u_n/ques rely on expert opinionandcanbe used to estinm_ _s
wheredamdo notexistor me inadequate.TheseteclmiquesImvebeenusedin various
othezcontextsandhavebeen shownto producereasonablyaccurateprobabilities.
Additionaltopicscoveted includemetlmdsforcombiningestinuuesfrommultiple
experts,the effects of trainingonprobability estimates, and some ideas on slxucturing
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emr_uJomhip_ perfomum_shsr_ns_ andrams.
reamuamdattom _m pmvldedalmg with_ rq;mting themm of
implementingthen_mmenda_ i_ nme_h tsrequiredbe/evedefinitive
m_mmmda_u canbenm_

_pt_: *Hmum _ mgtneemg; *Nuclew powerplants;*_
Pmb_llity theory:_g; S_ training:Hmum behavior
Idmflfie_ N'TISNUI_O; NTISDB

Headings: 9 (Behavto_ i Social___ _i
__]); _ __ i _ _-Hmmm F_on _);

En_g-Hunmn FaclamEngineering);7714(NuclearSciencei
Tecta-Reactor _ i NuclearPowerPlants)

35/5/18 (Item18hem file: 6)
877095 NTIS Accession Number:.NUREG/L"R-1908
Criteriafor Safety-RelatedNuclearPowerPlantOpeaur A.,,'tkam:InitialPmsmaized
Wa_ Reactor(I'WR)Simulatorl_i_
B_ T. F., _ K_, C. _w_ P. M.
OakRidgeNational Lab.,'IN.
Corp.SourceCode_:0213100(X)
Spommr:.NuclearRegulam_Commission,Washington,DC. Div. of ReactorSafety
Research.;_ent of_, Wi_, _.
Report No.: ORNL/NUREG/TM.434
Sep81 104p
Languagea:English
Join'halAnnmuw,emencGRAI8203
NTIS Prices: PC A06/MF A01
Countryof Publication:UnitedStates
ContractNo.: W-7405-eng-26

Nuclearplantcontrolmornsimulalorea_ for seven presstn'izedwater
react_(FWR)eventsweremaduc'e,dwithtencmtmlroomteams.
perfcmnanc_was recordedby an automaticPerformanceM_t System(I_IS)
andby subjectiveevaluation. Responsetimesi _ _W_ were estimated
forselectedactions. Theeffect of some ea_lal variablesonoperator
performanceis disctme_ Applicationof theresponsetimedam toANSI Standard
N660 is included. The datacollectedwill lat_ be competedto fielddatabeing
colkcted forsimilarevents inorder to provideabasis forextrapolationof simulator
datato actualoperatingconditions. Ultimately,a base of hemanperfcmnaw_ datawill
be developedfromsimulatorexits whichcanbe used to establishcriteriaand
standanl&evaluateeffectsofkey peff_shaping facfms, andsupp¢_ safety/risk
assessmentanalyses.
Descriptms: *Nuclearreactorsafety;Pmmaized warn'reactms;
Operalors(Persmnel);SkilledwoAem; Perfonnaw_evaluation;Dalaacquisition;
Nuclearreactoraccidents;Reactiontime
Identifiers: Lees of coolant;NTISNUREG;NTISDE
Section Headings: 181(Nuclear_ andTechnology.-ReactorEngi_ and
(_); 7714(NuclearScience andTechnology--Rm,-torEn_ andNuclear
PowerPlants)
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35/5/19(ItemI fromme: 103)
03285572 DBN.924303612;EDB..92.048329
Title: Quantificationof hummen'c_ in level-I PSAstudiu in NUI_C/JINS
Authors): Hiram, M.: Himse, M.; Supwara, M.: Hmh/ba, T. (JapanInst.of
Nuclew SM'ety,Nuclear_ _ Cimwr,Tokyo[Japan])
Title: Pmceedtnp of the OECD/BMU.workslmpo,I _ecial issues of level I PSA
Author(s)/Editor(s):Hauptnmmu,U. (comp.)

Scmrce:Gesellw.h_ fuer_clzd_t mbH(GRS), Koeln (Gmnany)
(Code:279.Se80)
Conference Tide: OECDK_NI/BMU workshopon _¢ecial issues of level I PSA
ConferenceLocation: Cologne (Gmnany) ConferenceDate: 27.29 May 1991
PublicationDate: Jul 1991 p 260-278 (407 p)
ReportNumber(s): GRS-86 CONF.9105244-
ISBN: 3-923875-36-3

Document Type: Analyticof a Relx_ Com'e_tce Literature;Special Availability
Laagtage:In_ggsh
JounudAnnouncement:EDB9208

Availability:AvailablefromFIZ Kadsulz
Subtile: ERA(EnergyReamv,h Absuacts);LrFD(Eszs_ Technology Dala
Exchange).DEN (FedmdRel_blicof Germany[senttoDOE from])
US DOE PmjecUNonDOEProject: NP
Countryof Origin: Japan
Countryof Publication: Gmnany, _ Republicof
Abstract: THERP(TechniqueforHumanErrorRatePrediction)methodis mainly
adoptedto evaluatethepe-accidaa andpost-axklmt humanerrorrates. Perf_
shapingfactm are derivedbytakingJ.peneseopenuimalpracticeintoaccount.
SeveralexamplesofhumanerrorrateswithcalculaflmallSecedmuarepresented.The
importanthumaninterventiomof typicalJapaneseNPPsarealsopresented.
(_sJI-IP).
Majer Ikscriptc_: *REACTORACCIDENTS-REACTOROPERATORS;
• REACTOROPERATORS-REIAABILrrY

Descriptors: BWR TYPE REACTORS;HUMANFACTORS;JAPAN;
PROBABILISTICESTIMATION;FWRTYPE REACTORS;REAC1_R SAFETY;
RISK ASSESSMENT
BroaderTerms: ACCIDENTS;ASIA; DEVELOPED CO_; ENRICHED
URANIUM REACTORS;PERSONNEL;POWERREAC'I_RS; REACTORS;
SAFETY;THERMALREACTORS;WATERCOOLEDREACTORS;WATER
MODERATEDREACTORS

SubjectCateger_: 22OXXP-Nucletr ReactorTechnology-Reactor Safety
210100--PowerReactors,Nonbreeding,l.,ight-Wal_'Mod_ Boiling Waler Cooled
2l_.Power Reactors,Non--g, Lisht-WaterMmleraled,Nenboilin8Water
Cooled 220400-NuclearReactorTechnolo_--C..mtrol Systems

35/5/20 (Item 2 fromfile: 103)
03285511 DEN-92-003_8; EDB-92-0487.68
Title: Issue paper:.Humanend's
Author(s): Menens, J. (F(l'lR, htlngszcnU'tlm JuelichOmbH, InsL fuer
Sicherhei_forschungundReaklortechnik[Germany])



SelectingtheSeismic/IRA ApproachFOrSm_nnah_r P_ntPRA R_nllTll1711 (_l I WSRC_3" 16

Title: Pmceedlnpof theOECD/BMU wo_hop onspecialissuesof level1 PSA
Audmf(,VFdiu=(s)Ha_ U (comp)
C_ Somw:Oesellscha/t1_ Reaklmstched_tmbH(ORS) Koeln(Oamany)
(Code:279_0)
Coafmu_e Tide: OECD/CSNFBMU_ m special_ of level1 PSA
Com&ere_eLoc_lm: Celope (Ommay) Cmfem_e IN_ 27.29May 1991
PublicationI)_m: Jul 1991 p 202.208(407p)
ReportNumlxnr(s):ORS-86CONF-91057A4-
ISBN: 3-923875-36-3

DecumentTyp_ Analydcof a Relx_ Co_em_ Limamre4Special Availability
LamguUe:In Engl_
JournalAanouncemem:EDB92_
Availability:.AvailablefromFIZ
Subtile: ERA (F.amrgyReaem_ _); ETD (EnerSyTeclmologyData
_chmSe).DEN(FedmdP,ep.bUcofOmmmy[mmtoDOEfrom])
US DOE Project/NonIX)EPmject_ NP
Cmml_ of OtiS: _y, FedemdRepubtic of
Cemm_ of Publk_o_ Oenmmy, FederalRqmbllc oL
Abma_ Regardingto the quanfltadveassemmemof humanenorsneededinPSA's,
the knowledge of all relevantinfluenceson humanreltabaityis impemnt. Typical
"perf_ _p_ f_." m _, coe_ mornq_y _nd_. ram,
av_ _me,pmo_ _, dq3mdm_m_ diffem_inksml_
dq_dmc_ Therem _ modelsforhunumndiabilitymmlysis(HRA)which
havebeenusedin PSAf'RA mainlycontainingplannedsctkmL SuchlIRA methods
provideusefultechniquesto identifythepotentialfor_t hum_ _ andm
design complex systemsmnstderinghumanfactm_ (orig.).
MnjorDescflpt0n:*HUMAN FAC'_RS-RISK ASSESSMENT;*REACTOR
OPERATORS..RELIABILrrY

Des_Ipto_ MAN-MACHINE SYSTEMS; NUCLEAR POWER I_Ai rFS;
PROBABILISTICESTIMATION,REACTORSAFETY
BrosdmTerms: NU_ FACIIXH_; PERSONNEL;POWERPLANTS;
SAFEFY;TIlER/vIALPOWERPLANTS
Subject Categories:2209(XP-Nucle_R_ctcx Technology-ReactorSafety
210(XX}-NucleatPowerPlants2204(X}-NuclearReactor Technology--Control
Systems

35/5/21(Item 3 from file: 103)
03179276 AIX.22-063698; EDB-91-106712

Title:Perfmmancecompmisonoftwomethodsforhumanreliab/lilyanalysis
Author(s): E.A.Eisawy,andN. M. Shelm_ (NuclearRegulatory and SafetyCentre,
Cairo [Egypt]);A. A. Omar,andF. A. Mohammed,(NuclearResearchCenlre,Cairn
[F.UptD
Title: Balancingautomation and humanactioninnuclearpower plants
Original Series Tide: Proceedingsaeries
Corpcnm Source:InmnmimalAtomicEnergyA_ency,Vieena(Ausa_) Nuclear
EnergyAgeacy,75- Paris(Fnm_) (Code:3294000;,4796200)
Conk_enceTitle: IAEA symposiumonbalancinga._ andhumanactionin
nuclearix)w(=planm
ConferenceLocation:Munich(Oemumy)ConferenceDate:9-13J_ 1990
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Pub_ Vienna(Am_ia)IAEA
PublicationDate:1991p491494(599p)
ReportNumber(s):CONF-900710-
ISBN: 92-0.020091-5
DommmtT_: Amly_ ota Bo_ _weace _
t,mgu_: In_su_
Joumml_c !_B9117
Subl_: ffrD _ Teclmolol_DamExchan_). INIS(noa-USAmmind_xinput
AIX)
USDOEProJecVNonDOEProjectNP
ConnwofOrlp: Egypt
Countryof P.blicaticm:InwamtmslAtomicEna'_ _y <IAEA>
Absuact:Tominimizethein.sumarm, threemainitansmustbeaudied:(1)
opamorperfan.ux=s_ingtucu__) _ ms._ _a.d (3)
man-ramt._. ThisInsemmioncoacamtl_ sw,md ironmt pwto/'thethird.
i.e. therelmlonshipbetwemtheNIPopmmioucrewmembers,_y betweenthe
opmmormgtneerandthemsimm_ andcomidm tbe_haolo_ forhuman
enurrsw_ and_ _ blockdiqpmnmaly_ 2 ref_ 3 t_.
Major _ *REACTOR O_TORS-HUMAN FACTORS

_pUl: ERRORS;FORECASTING;MAN-MACHINESYSTEMS:
MINDd_TION; REACTORCONTROLSYSTEMS
BroaderTerms:CONTROLSYSTEMS;PILqSONNI_
SubjectC_godm: 220400"-NuclearReacUrTechnology_uol Synmm

35/$/22(Item4 fromfile: 103)
02898924NOV-90-020295;INS-90-__3177;EDB-9_116166;ERA-15-04(OI4
Title: Humanreliabilityimpacton in-_ inspection
Author(s):J. C.Spinner,Sr._ NorthwestLab.,Richland,WA [USA])
Tl_: Pmceedinpof the8thinmm,_N_nmlconfenmceon NDEinthenuclearindusu7
Amhor(s)/Edtto_s):Smhl,D.
Confa_nceTitle: S.imemmio_l conferenceon NDEin thenuclearindustry
Confm_ceLocation:Kissimmee,FL(USA) Confer-riceDate:17-19Nov 1986
PublishecMinis Park,OH(USA)AmericanSocietyforMetals
PublicationDate: 1986p 89-96(683p)
ReportNumber(s):CONF-8611147-
ContractNumber(DOE):AC06-7_I..01830
DommmtType:Analyticof a BoGk;Confmmcet.imaune
Lamguage:InEagl_
JournalAnaonucemmt:EDBg016
Avs/lability:AmericanSocietyfor Me_als,MetalsPark,OH44073(USA)
Subtile:ERA(Enm_ Resemr.h_); ErD (F.am_ TechnologyDma
Exchange);INS(USAtomindexinput).NOV (DOEconlracWr)
US DOEProject/NonDOEProject P
Countryof Origin: Uniu_dSuues
Countryof Publication:UnitedStales
Absm_:Thislmp__ a studyconduc_ to_, clmmcus_, andevaluate
thehumanreliabilityupecla of ullrasonictest/ng/hmesqd_inspection(UT/ISI).
Recent_m of UT/ISIsystemeffectivemmhaverevealedwidevariationsin
perfonnauce; suggesting that insufficient emphasis is being placed on the human
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reliabilityaspectsof nondestngfiveexamination.It appearsthatNDE perfomumce
canbeimprovedthroughappli_flonofthehunmnfactorswinciplesrelatingto the

Ir_g, procedure,envimmnenlal,andindividualdLffem_:evariables.These
mecollectively mfened m Mperformmc=-_ing fsctonc A man-mach_

systenmmodelwasdevelol_ tode_-n_ theUT/ISIprocess usingfunctimmitask
descrtpm_ The relativeopemUng_ (ROC)analysis medmd,which is
derivedfromsignaldetectiontheory,offm uniquetam'bumsforanalyzingNDT
perforator. Theresultsofa limim:lhmumfacmnev_mion conducu_in
ccn_ with a mini-mendrobintest arealso &gribed.
Maj_ De,s_iXors: *NONDESTRUCTIVETEST[NG-HUMAN FACTORS;
*REACTORCOMIK)NENTS-NONDESTRUCTIVETESTING

Descriptors: IN.SERVICE INS_ON; MAN.MACHINESYSTEMS;
MEASURING INSTRUMENTS;REACTORSAFETY
BroaderTerms: INSPEC'ffON;MATERIALSTES'I_G; SAFETY;TESTING
SubjectCategories:220900"-Nmlesr ReactorTechnology-Reactor Safety
4mS00-Enginee_g-MateflalsTesting
INIS Subject Categories: EIT00* - _ Tearing

35/5/23 (Item5 fromfile: 103)
02331206 AIX-20-042321;EDB-89-0770_

Title: Quan_ of humanpeff_ in nucleartasks
Author(s): A.M. Metwally,F. A. Mohammed,and A. A. Omar
Affiliation: AlexandriaUniv.(Egypt).Facultyof Engineering AtomicEnergy
Authority,Cairo(Egypt).Nuclear Regulatoryand SafetyCenue
Title: Nuclearpowerperfommm_andsafety.V.4.: Safety technology.
Proceedingsof anint_u_oml ccm_c_'e,nceheldin Vienna,28 September- 2 October
1987

Series_ollection Title: Pnr,eedings
C_ Sorer.e:In_ Atomic EnergyAgency, Vienna (Ausu_)
ConferenceTitle: Inlmmional mnfereuceon nuclearpowerped'onnanceandsafety
ConferenceLocation: Vienna,AustriaConferenceDate: 28 Sep 1987
Publisher:.IAEA, Vienna,Austria
Public,alion Date: 1988 p v. 4
ReportNumber(s):CONF-8709263-
DocumentType: Analyticof a Book;Conferenceli_
Language: English
JournalAmmtmcemencETD8900

Subtile: ETD (EmrffyTechnolosy D_ Exchange). INIS (non-US Atomindexinput
Alx)
Country of Origin: In_ AtomicEnet_ Agency <IAEA>
Countryof Publication:IntenueionalAtomicEnagy Agency <IAEA>
Absm_l: The paperdiscusseshowperfomum_shapingfactors(PSFs)canbe
quantitativelyassessed. PSFs arethose factorstim affect humanreliabilityin

simz_om suchaspower plantolxntion, maintenanceandtesting. The studysuggests
the classificationof the PSFs into qualitativeand quantitative_xq_. Multi-attribute
utility theoryis thenusedto _t the PSFs as utility functionswhich need to be
optimized, The Simplex method is sugges_ for use in optimizing the utility
functionsex_ thePSFL ThequantitativegroupofPSFsisformulated ina
generalanalyticalform. A trialwas madeto find theoptimumc_ of
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some membersin theqmmtitativegroupof PSFsand theireffect on
perfmmmr.e.(author).6 lets, 2 figs, I tab.
MajorVescrtpt_ "REACTOR_TOltS-_RMANCE
Descriptors: HUMAN FAC'rORS;NU_ POWERPLANTS;REAC'rOR
SAFETY
BroaderTemm:NU_ FA_; PERSONNEL;POWERPLANTS;
SAFETY;_AL POWERPLANTS
Subject,Cawgories:210000"-NuclearPowerPbmts
INIS Subject Csmgories: E30(0)*-Speciflc Fum_mReactorTypes & Their
Associa_ Plato

I

35/5/24 (Item6 from file: 103)
02249172 GBN-88-00532_, EDB-88-191917
Title: Taskanalysis-linke_alpmach for inw_ the humanfactorin relial_ty
ssseumenm of nuclearpowerplmts
Author(s): T. G. Ryan, G. E. _laJds, P. Kaflr&G. Mancini, (eds.)
Affiliation: NuclearRegulaD7 Commission,Washington,DC (USA). Office of
NuclearRegulatoryResm_
Title: Accidentsequencemodeling: humanactimm,system rmlmnse,intelligent
decision SUlpO_ Papen _ atthe in_ seminaron _t _
modelingheld in conjunctionwiththe 9. internationalconferenceon slructmal
mechanicsin reactorteclmology in Munich, FRO,on 24-25 August 1987
Series/CollectionTitle: ReliabilityEngineeringand System Safety. v. 22(1.4)
ConferenceTitle: Intenmtionalpost-SMIRTseminaron accidentsequencemodelling:
humanactions,system response, intelligentdecim'onaids
ConferenceLa)cafion:Mtmir.,h,F.R. GemumyConference Dale: 24 Aug 1987
Publisher. Elsevier AppliedScience,Lmukm,GB
PublicationDate: 1988 p 219-234
Relxm Number(s): CONF-870818-
DocumentType: Analyticof a Book:Conferenceliterature

Language:English
JournalAnnouncement ETD8812

Subtile: ETD (EnergyTechnologyDataExchange). GBN (UnitedKingdom[sent to
DOEfrill)
Counuy of Origin: UnitedStates
Countryof Publication: United Kingdom
Abstract Thispaper_ an¢znaging TaskAnalyau-LinkedEvaluation
Technique(TALEN'Dforassessingthecontributionsof hmnanerrorto nuclearpower
plantsystems unreliabilityandrisk. Techniquessuch asT_ me emerging asa
recognitionthat humanexroris a primarycontributorto plantsafety, however, it has
beena peripheralconskkratm to data in plantreliabilityevaluations. TALENT also

that involvememofpevxm withbehavioralscienceex_ isrequiredto
suplmnplantreliabilityandrisk analyses. A numberof _f-knowledge human
reliabilityanalysis toolsarealso discussedwhich suPlX_ the TALENTprocess. The
coreof TALENTis comprisedof task,timelineand interfaceanalysisdatawhich
providethetechnologybase foreventandfaulttreedevelo_ent, serveas criteriafor
selectingandevaluatingperfmmm_ slmpin8 factors,andwhich provideabasis for
auditingTAIADCFresults. Finally, programsandcase smdi_ used to refine the
TALENTprocessaredeg:n'bedalongwithfulmeresemchneeds in the area.
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Maj_"13u_pm_ *NUCLEARPOWERPt.4N_-RELIABILFFY; *REACI_R
SAFETY-HUMAN FACTORS;*SYSTEMFAILUREANALYSIS-HUMAN
FACTORS

_pto_ COMPUTERCODF_; ERRORS;EVALUATION;RISK
ASSESSMENT
BroaderTerms: NUCLEAR FACIIXI'IF_;POWERPLANTS; SAFETY;SYSTEMS
ANALYSIS; THERMALPOWERPLANTS
SubjectCalegories:22090(}*-Nucles ReeclerTechnolog-_ Safety
_uclem" Reactm"Technology-ControlSystems
INIS SubjectC_godm: E22(XP-ReactarComponmm& Accessories
_Reactor ControlSystems

35/5/25 (Item7 fromfile: 103)
02178802 IN5-88-02326_, EDB-88-121537
Title: Evaluationof operationalsafetyat BabcockandWilcox plants
Authors): D.J. Hanson,IL S. Biackman,P. D. Wheatley,O. R. Meyer,
W. R. Nelson, C. B. Davis, and A. J. Weiss, (comp.)
AIT-diation:EGandG Idaho,Inc., IdahoFalls (USA)
Title: Proceedingsof the US NuclearRegulauxy Commissionfifteenthwaterreactor
safetyinformationmeeting:.Volume4, Sepm'ateeffec_ts/ex_ts and analyses,
Sourcetermuncen_'_i analysis,Imegralsyslems testing,2D/3D research
CorpcrateSource: Nucle,m'Regulatm7Commission,Washington,DC (USA).
Office of NuclearRegulatm7Resem_ BmoktmvenNationalLab., Upton,NY (USA)
ConferenceT_: 15.wat_ reactorsafetyinfmmafionmeeting
ConferenceLocation: Gai_, MD, USA Conference Date: 26 Oct 1987
PublicationDate: Feb 1988 p 481-506
ReportNmnber(s): NUREG/CP-(}091-Vol.4;CONF-871011l-VoL4
OrderNumber:.TI88007181

DocumentType: Analytic of aReport;Conferenceli_
Language: English
JoenmlAnnouncement:ERA8807
Availability: NTIS, PC A99/MF A01 - GPO.
Subtile: ERA (EnergyResearchAbstracts);INS (US Atomindexinlm0. JMT(DOE

Countryof Origin: United States
Coenu7 of Publ/cation: UnitedStates

A methodologywas devdoped to assess theoperationalperfonnaw,e of
nuclearpowerplantsthroughan integrationof Ihennal-hydraulic,humanfactors,and
riskenalysistechniques. TI_ methodologywas appliedto evahmtethe effectiveness
of plantsystemsand_ ecliom in lesseningthe severityof selected transientsfor
BabcockandWilcox03 endVOplants.ComladSms were also _ to assess
diffemmes in operationalperfennm_ Cal_tlities andlimitationsbetweenselected
CombustionEngineering,Westin_, andB andW plants. For the selectedB and
W plant, theresultsshow the Fmbebilitythatan operatingcrew would notrespond
wilh/n the limesavailable(the non-_ probability)is _ to be relatively
small for the threetransientsstudied. Resultsalso show a strongcorrelationbetween
operatorperfonnan_andtheinfluenceofeightperfmnan_shapingfactors(PSFs).
Comparisonof remdtsfxomthe Oconee, CalvertCliffs, andH. B. Robinson plants
indicatethat thelikelihoodoperatorswouldtaketheproperactions to remm Oconeeto
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a safe stablestate is notjudged to be significantlydifferentthanthe likelihood
openums at Calvert Cliffs or H. B. Rob/nsm wouldn_covertheirplantsfagthe
mmsiemsinvestigate_Thevalidityofthisconclusiondependsontheassumption
that the perfotmm_ shapingfactors atall threeplants are essentially equivalenL
Recommendationsaremadethatinfluencel_ftammce shapingfactorslmsitivelyand

innuence_ perfmnm=positi_y.
Major Descripi(Is: *BW STANDARD REACTOR-OPERATION;*BW
STANDARD REACTOR-REACTORSAFETY

Descriptm_ AUXILIARY WATERSYSTEMS;CALVERTCUFFS-I REACTOR,
CE STANDARD REACI_R; COMPARATIVEEVALUATIONS;ECCS;
EVALUATION;FAILURES;HUMANFACTORS;HYDRAULICS;LOSS OF
COOLANT;NUCLEARPOWERPLANTS;OCONEE-I REACTOR;
PF.RFORMANC_PERSONNEL;RECOMMENDATIONS;RISK ASSESSMENT;
ROBINSON-2REACTOR;STEAM GENERATORS;THERMODYNAMICS;
TRANSIENTS;WESTINGHOUSESTANDARD REACTOR
BroaderTerms: ACCIDENTS;AUXILIARYSYSTEMS;BOILERS;ENGINEERED
SAFETY SYSTEMS;ENRICHEDURANIUM REACTORS;FLUID
MECHANICS;MECHANICS;_ FACIIXHES;POWERPLANTS;
POWERREACTORS;PWR TYPE REACTORS;REACTORACCIDENTS;
REACTORPROTECTIONSYSTEMS;REACTORS;SAFETY; THERMAL
POWERPLANTS;VAPOR GENERATORS;WATERCOOLEDREACI_RS;
WATERMODERATEDREACTORS

SubjectCategerie¢ 220P(l_-Nuckar Reactm"Technoiogy-Reacga Safety
210200-Power Reactors,Nonbreeding,Light-WaterMmleraled,Nonboilin8Water
C_akd

I_,'ISSubjectCategories:C5240*-Envimnmeatal safety of nucleer imudlafims
E3200-PowefRewams,_, LightWaterM_ Non-BoilingWater
Cooled(PWR,e¢ types)

35/5/26 (Item8 fromfile: 103)
02050042 DEN-87-015034;ERA-I_8; EDB-87-17_001
Authors): V. Behrendt,T. Krehbiehl,H. D. Hanfiel, H. R. Mannlmupt,W. Preuss,
D. B. Thomas

Title: Optimizingthe humanengineeringdesignof controlpanels in nuclearpower
plantcontrolrooms
OriginalTitle: Entwicklungeiner Checklistemit zugelmerigemKa_og von
Emi_ehlungenzurergonomischoptinfimlml_Aegun8yon Kraftwerkswan_
Corpom_ Source: BundesminL_'um fuerUmwelt,NEurschumund
R_herheit, Bonn(Ommany,F.R.) Domiar-SystemG.m.b.H.,Friedrichshafen
(Germany,F.R.) KraftwerkUnion A.G., Mueiheiman derRuhr(Germany,F.R.)
Technisch_ Ueberwachungs-VereinBayem e.V., Muenchen(Germany,F.R.).Inst.
fuerBiomedizinundErgmmmieTechni_her Uebea'wacbang_VereinRheinlmuie.V.,
Keeln (Germany,F.R.). ImLfuerUnfallfm_:hung
Public,ion Date: Dec 1986 p 341
ReportNumber(s): BMU-1987-151
Docum_t Type: Report
Language: German
Journal_t: EDB8711
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Availability: GRIMWe_'attmg - Werbemittlung- PR, Eggenstein-La3_Idshafen,
Germany,F.R.
Subtile: ERA (EnergyResearchAbstracts).DEN (FederalRepublicof Camnany[sent
mDOEfrom])
Counlryof Origin:Germany.FederalRepublicof
Country of Publication: Gmn_y, FederalRepublic¢_
AlmracU Them_ymntainstwopem. Inthefimpmanmtlyticalpmcedureis
dev_ to logically andn_:mduciblysubdividethecontrolroom_ tasks
resultingin a listof the e_ (operations)end the slrucmre(operationsscheme)of
atMk. The secondpan lists togeflmrall knowledge of andinfluencesm human
engineeringwhichareknownatthistimeandwhichshouldbetakeninto accountin
designingcontrolrooms.ThecontentofthiscataloguecanbestbeusedandIx_e_ted
by using a personalcomputer. Twofundamentaldiffegentwaysare possible to use the
catalogue.Designingnew controlrooms or new pans of controlmornsthe _ts of
the taskanalysiswhichshouldbe done first,shouldguide the searchin the catalogue
to find thefight humanenginem_q factors. Forassessing existingcontrol room
panels theperformmr_shapingfactorswhi_ areestablishingthetableof content,
permita quickaccess to the calalogue. Both the speci_ pmc_ure of the taskanalysis
andthe differentwaysof access to thecatalogtgof humanengineeringknowledgefar
designingnuclearpowerplantcmtml rooms havebeenprovenbyexperienc_ system
engineen andsafety_paru. The readU melm_senmd.Theyhavebeenconsideredin

versionof the study.
MajorDescriptors: *CONTROLROOMS-HUMAN FACTORS ENGINEERING;
*NUCLEARPOWERPLANTS-HUMAN FACTORSENGINEERING

_pmrs: BIOLOGICALSTRESS;CATALOGS;COMMUNICATIONS;
CO_ GRAPHICS;DISPLAYDEVICES;DOCUMENTATION;HUMAN
FACTORS;INFORMATION;MAN-MACHINESYSTEMS;REACTOR
ACCIDENTS;REACTOROPERATORS;REACIDR SAFETY;SIGNALS
BroaderTerms: ACCIDENTS;DOCUMENTTYPF_; ENGINEER/NG;NUCLEAR
FACILITIES;PERSONNEL;POWER PLANTS; SAFETY; THERMAL POWER
PLANTS

SubjectCategories: 22040(P-Nuclear ReactorTechnology_tml Sysle,ms

35/5/27 (Item9 fxomfile: 103)
01959725 NOV-87-05671_, EDB-87-087390
Title: _ of perf_ shapingfactorsforovertimeand shift length using
expertjudgmentbasedon relatedassessments
Authors): S.C. Vickmy
Affiliation: Pacific NorthwestLab.,P.O. Box 999, Rkhland, WA 99352
Title: _gs of the in_ topicalmeetingon advances in humanfactors
innuclearpow=systems
Conferem:eTitle: Internationaltopicalmeetingon advancesin humanfactorsin
nuclearpow_
Confea_mceLocation: Knoxville, TN, USA ConferenceDate: 21 APt"1986
Publisher:.AmericanNuclearSocie_y,LaGrangePink,IL
PublicationDate: 1986 p 135-142
Report Number(s): CONF-860415-
DocumemType: Analytk:of a Boolr_Conf_ lile_ure
Language: English
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JournalAv_om_emenC ERA8706

Subtile:ERA (EnergyResearchAbstracts):INS(USAtomindexinput).NOV (DOE
camc)
Country of O_in: UnitedStates
Coenuy of Publication: UnitedStates
Abstm:C This paperpresentstheresultsof a studyto estimatehumanpeffomance
md tourratemukzseveralmnountsofovezlimeanddiffenmtshiftswithoutlhenseof

humansubjects.Tea clnnnobiology,fatigue,andshiftschedulingexpem were
admin/smed a queaieman toratetheeffects ,h-, severalatifts andovertimeamounts
mighthaveon theped'omuu_ of individualsweddng undertheircomtra/nts. The
dm fromtheratinp were tmn_onnedto _aeme perfmname shaping_ _ f_
sensitivityanalyseson fleeepreviouslypublishedpmhabilisficriskassemments.
Thisprocedurewasperformedtodmmninetheeffectthatdiffen_ntshiftscheduksand
amountsofovmime wouldhaveonoverallplantperf--. Theresultsofthe
analysismggest thatthe riskdue to htmumenors cansedby the _dfiftgchedulingand

' overdme could increasethe t_k of accidentsat a nuclearpowerplantcausedby
hunmnsby upto a factorof five. This could iucreasethechance foran accidentat a
nuclearpowerplantby afactorofaboutfine.
Majef _: *REACTOROPERATION-HUMANFACTORS;*REACTOR
OPERATORS-BIOLOGICALFATIGUE;*REACIDR
OPERATORS-PERI_RMANCE; *REACTOROPERATORS-WORKING
CONDITIONS

Descriptors: DATA ANALYSIS;ERRORS;PROBABILITY;REACTOR
ACCIDENTS;REACTORSAFETY;RISK ASSESSMENT; SCHEDULES
BroaderTerms: ACCIDENTS; OPERATION;PERSONNEL;SAFETY
SubjectCategories:2209(XP-NuclearReactorTechnology-ReactorSafety
INIS SubjectCategories: C524(P-En_emal safetyof nuclearinstallations

35/5/28 (Item I0 fromfile: 103)
01959723 NOV-87-056716;EDB-87-087388
Title: A shortenedversionof the TttERP/Handbookaplm3echto humanreliability
analysis fix pmhabilistic riskasse.ssmem
Author(s): A.D. Swain
Affiliation: Statistics,Computing,and HumanFactorsDiv. 7223, SandiaNational
Labs., P.O. Box 5800, Albuquerque,NM 87185
Title: Proceedingsof the in_ t_picalmeeting on advances in humanfactors
in nuclearpowersyumns
ConferenceTitle: Internationaltopicalmeetingon advancesin humanfactors in
nuclearpower systems
Confm_ce Location: Knoxville,TN, USA ConferenceDate: 21 _ 1986
Publishe_. AmericanNuclearSociety, La GrangePark IL
PublicationDate: 1986 p 163-164
ReportNumber(s): CONF-860415-
ContractNumber(DOE): AC04-76DP(X}789
DocumentType: Analyticof a Book; Conferencelitemlnre
Language: English
JournalAnnouncement ERA8706

Subtile: ERA (EnergyResearchAbstracts);INS (US Atomindexinput). NOV (DOE
conuactor)
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Country of Origin: United States
Countryof Publication: United States
Abstngt: The approachto humanreliabilityanalysis (HRA) knownas
THERP_k hasbeen appliedto severallxetmbilisticriskassessments0'RAs)
of nuclearpowerplane (NPPs)andothercomplex systems. The apwoach is basedon
a thoroughtaskanalysisof theman-machineinterfaces,includingthe interactions
amongthe people, involvedin the operationsbeing assessed. The idea is to assess
fullythe underlyingperfmnmmceshapingfactors0>SFs)anddepautenceeffects which
resulteitherin reliableor unreliablehumanparfmmmme.
MajorDescriptml: *MAN-MACHINESYSTEMS-RISK ASSESSMENT;
*REACTOROPERATION-MAN-MACHINE SYSTEMS; *REACTOR
OPERATORS-ERRORS;*REACTOROPERATORS-RELIABRATY;
*REACTOR OPERATORS-RISK ASSESSMENT
_ptors: COMPED CONTROLSYSTEMS;CONTROLROOMS;
FAILURES;HUMANFAC1_RS; PER]N3RMANCE;PROBABILITY;REACTOR
ACCIDENTS;REAC1_3RSAFETY
BroaderTerms: ACCIDENTS;CONTROLSYSTEMS;OPERATION;
PERSONNEL;SAFETY'
SubjectCategories:2209(XP-NuclearReactorTedmology--React0eSafety
2204(X)-NuclearReactorTeclmology--ContmlSystems
INIS SubjectCategories: C57A(P-Envimnmental safetyof nuclearinsmllmions
E24(X)-ReactorConlrolSystems

35/5/29 (Item 11 fromfile: 103)
01793656NOV-85-013703;EDB-86-117375

Title: The adequacyof humanreliabilitydataforaddressingriskreductionissues at
conune_iai nuclearpower plants
Author(s): T.G. Ryan, J. N. O'Brien,C. M. SpetteH,E. W. Hagen
Affiliation: Div. of Risk AnalysisandOperations,U.S. NuclearRegulatory
Commission,Washington,DC 20555
Title: Conference_ for 1985IEEEthirdconf_ on humanfactt_ andnuclear

safety
ConferenceTitle: 3. WEE conferenceon hmnanfactorsandpower plants
Confaetr.e Location: Montmey,CA, USA ConfimmceDate: 23 Jim1985
Publisher:.IEEEServiceCenter,Piscalaway,NJ
PublicationDate: 1985 p 321-328
ReportNumber(s): CONF-8506100-
DocumentType: Analyticof a Book; Conferenceli_
Language: English
JournalAnnouncement:ERA8607

Subtile: ERA (EnergyResearchAbstracts);INS (US Atomindexinput). NOV (DOE
conUacU_)
Countryof Origin: United States
Countryof Publication: United States
Abstract:Thispaperdescribesthe resultsof an assessmentof howwell cmrently
available ProbabilisficRiskAssessment(IRA) data address arewesentativeset of
humanriskissues of currentconcern to the U.S. NuclearRegulaloryCommission
(NRC). A three-stepprocesswas usedto makethatassessment. First,all Human
ReliabilityAnalysis(HRA)dataincludedin 19FRAs weze identified,collected, and

i
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smredonacompu_r.Forew,h _ damm iden_zd,adammcordwas
compiledintowhichalldescrilxiveinf_ presentedintheIRA wascmlosued
including,whenavailable,the(I)penonml,(2)actions,(3)perfommmeslmping
factors(PSI=s),(4)simati_,and(5)systemsinvolved,Thisresultedinthe_llection
of1,976individualIlRA/PRAdata_ Only193ofthesedam_ were
completewithreslxx:ttoallfivetypesofdescry'reinformation.Second,alistof
humanrisk"winkinglevelissues"o_oncerntoNRE wascompiled.Thiswasdone
byreviewing(I)GenericSafetyIssues,(2)NRC pt=_ngdec_u=_u,and(3)
conductinginterviewswithcognizantNRC staff.Thisresultedina listof175
woddng level issues whichreflectthe damneededby NRC to address ritehuman
performanceaspectsof theGenericSafety Issues. Thislistwasthenanal_ usinga
methodwhichidentifieddataneededintermsof(I)personnel,(2) actions,(3)PSFs,
(4) situations,and (5) systems. Using all reasonablecombinationsof these five
infcmnalioncategoriesa totalof 30,292 individualdamneedswere identified. Finally,
the tIRA/PRAdatawhich werecolkcled from 19PRAs were comparedto the data
needsto access theextent to whichcu_ently availablePRA dataareuseful in
addressinghumanrisk issues of concern to NRC. _ than I%of the damneedswere
deteaminedto be addressedbYctmentlyava/lablePRAdata.
MajorDescript¢_ *NUCLEAR POWER PLANTS-REACTOR SAFETY;
*NUCLEAR POWER PLANTS-RISK ASSESSMENT; *REACTOR
OPERATORS-RELIABILITY

Descriptors:DATA ACQUISITION;DATA BASE MANAGEMENT;
DOCUMENTATION;HUMANFACTORS;INFORMATIONNEEDS;
PERFORMANCE;POWERREACTORS;PROBABILYI'Y;US NRC
BroaderTerms: MANAGEMENT;NATIONALORGANIZATIONS;NU_
FACILrHEs; PERSONNEL;POWERPLANTS;REACTORS;SAFETY;
THERMAL POWERPLANTS;USORGANIZATIONS
SubjectCategories:2209(D*-Nuclear ReactorTechnology--ReactorSafety
INIS SubjectCategories: E30(_-Specific F'mionReactorTypes & Their
AssociatedPlants
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Autlmr(s): J. C. Spanner,R. V. Badalamente,W. L. Rankin,T. J. Triggs
Title: Humanreliabilityimpacton inservice inspection. Phase 1, summaryreport.
Volume I

CorporateSotnr.e:PacificNorthwest Lab.,Richland,WA (USA) BattelleHuman
AffairsResearchCenter,Seattle,WA (USA)
PublicationDate: Mar1986 p 113
ReportNumber(s): NUREG/UR-4436-VoLI;PNI_5641-Vol.l;
BHARC-400/SS/016-VoL1

Number:.TI86008834

ContractNumber (DOE): AC06-7_L01830
DocumentType: Report
Language: English
JournalAnnouncement: INS8604

Availability: NTIS, PC A06/MF A01 - GPO.
Subtile: INS (US Atomindexinput);ERA (EnergyResearchAbstracts). TIC
(TechnicalInformationCenter)
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CountryofOrigin:UnitedStates
Country of Publkattion: UnitedStates
A_ Thisreix_documel a feasibilitystudyconductedtoidr_y. _,
andevaluatethehumanrelJabgi_tq_m _ ultmson_zemin_
(UTftSI). Duringthis study,thefollowingfourinm-dqxmdent_ werecompleted:
(1)perfomalitma_ _ toidentifys_ndficmthunumperfmnm__ and
devek_ a betsur_ of peff_ fartl_ UT/ISIWOCe_ (2) deveJoptuk
element _ptio_ fora typicalUT/ISIwocen, (3) Weimm a testplanto conducta
htmumperfommuceevaluationin conjunctionwith a min/-mundrobinstudy,and(4)
p_me aprojectpLmfor_ t_ m_ui fo_v.on w_ idmtifieddining_
feasibility study. Thisreportincludesan mseumeat of UT applicationsin the nuclear
industry,emphasizingtheUT/ISlsystem(pmmnel,equipmeat,andprocedures).A
man-machine systenmmodel is used to describetheUT/ISl _ andtheRelative
opumingCharactm_c0tOe)analysisammch formuayz_ngNDTperfmmanceis

Thefivetmicpmf__g fatten(variablm)ireevaluatedwith
respect topotentialimpactonUT/ISIpcd'_ Conclusions ate drawnbazd on
this limitedgope study,andmammzaghtimmaremadeforneededfollow-on work
towml improvingUT/ISIreliability.
MajorDegtiptms: *IN-SERVICEINSPECTION-HUMAN FACTORS;
*NUCLEARFACK.ITIES-IN-SERVICEINS_ON; *NUCLEAR
FACILWIF_-ULTRASONIC_G; *ULTRASONICTESTING-HUMAN
FACTORS

Descriptor: EVALUATION;PERFORMANCE;PERSONNEL;REACTOR
COMPONEWI'S;RELIABILITY
BroaderTams: ACOUSTIC TESTING;INSPECTION;MATERIALS TESTING;
NONDESTRUCTIVE TESI2NG;TESTING
SubjectCategories: 2107(XP-Nudear PowerPlants-Regulation &Licensing
420500--_8-_ Testing
INIS Subject Categories:F2200*-NuclearLaw-Nuclear Installations
El700-Matm'iais Testing

35/5/31 (Item 13from file: 103)
01667785 AIX-16-075241;EDB-85-174566

Title: hameament of humanenm"ratesusingoperationalexperience
Author(s): G. Apostolakis,(CalifmniaUniv., Los Angeles (USA). School of
_gmecr_ andAppliedScience)
Source: Rel/ab.Eng. (UnitedKingdom) v 12:2. Cod,m: RLEND
PublicationDate: 1985 p 93-105

DocumentType:JournalArticle
Language:English
Journal Announcement: EDB8510

Countryof Origin: United Sta_
Abstract:The distributicmof dynamichumanemx rates in nuclearplantrisk
assesmneamareassessedby compmingthe errorswith a rcfenmceerror,namely,that
"theoperat_ fail to stabilizehigh-presHe injection." The comparisonis achieved
by consideringasprincipalpeff_ shapingfactorsthedifficulty indiagnosisawl
the stress level on theoperators. The distn'lmtionof the rateof thereferenceevent is
derivedusingopcn_onal experienceandBayesian
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MajorDeacrllzors: *NUCLEARPOWERPLANTS-HUMAN FACTORS;
*REACTOROFERATORS--I_tRORS

Descriptors:BIOLOGICALSTIU_S; HIGHPRESSURECOOLANTINJECTION;
MAN.MACHINESYSTEMS;PERFORMANCE;PROBABILITY;REACWOR
OPERATION;RISK ASSESSMENT;STATISTICS
BroaderTerms: ECCS; ENGINEEREDSAFEI'Y SYSTEMS;MATHEMATICS;
NUCLEARFA_; OPERATION;PERSONNEL;POWERPLANTS;
REACTORPROTECTION SYSTEMS: THERMAL POWER

Subject Categerks: 220900*=NuclearReactorTechnology--ReactorSafety
INIS SubjectCategories: E2400*-Reactor ControlSystems

35/5/32 (Item 14from file: 103)
01640539 EDB-85-147317

Authors): A.N. lkate, M. D. Donovan,D. L. l.m_ter, L. I4.Gray
Title:Effectsofs_ _ence andassistanceofaShiftTechnicalAdvisor
(STA)oncrewperfonnaw,eincontrolroomsimulalms

Source:OakRidseNationalLab.,TN (USA)
PubHcalion Dale: Sep 1985 p 197
ReportNmnber(s): NUREG_"R428_, ORNL/I'M-9660
OrderNmnber: '1185017413
ContractNumber(DOE): AC0_R21400
DocumentType: Report
Language: English
JournalAnnounceanent:ERA8510
Availability: NTIS, PC A09/MF A01 - GPO.
Subtile: ERA (EnergyResem_ Absuacls); INS (US Ammindexinput).
Countryof Origin: UnitedStales
Counw/of Publication: UnitedStates
Absln_t: ThisrepoRdescribesthesecondexperimentin a NuclearRegulatory
Commission-_ programof trainingsimulatorexperimentsto evaluatethe
effectsof selectedperf_ shapingfactorson theperformanceof nuclearpower
plantcontrolroomopaztc_ The _ investigatedwere theexpericncelevel of the
SeniorReactorOperator(SRO) in thesupesvisor'srole and the_ of a Shift
TechnicalAdviser(STA) to as_t thecperatin8czew. The experimmtwas conducted
in theplant-tefegent_ Irainin8 simulalorfora 1100MWeptesmn-izedwaterre,eclar
(PWR)phug. Dutaweremllectedfmm20three-manc_rewsoflkensed_. The
crews we_ split into "high"and "low"experiencegroupson the basis of the
supervises yearsof experienceas an SRO. One halfof thehigh- andlow-SRO
expuiew.e groupswere _ by an STA. No significantdiffmencesin overall
perfonnan_ were fotmdbetweengroupsled by"high'and'low"_nce

The_ oftheSTA hadnoeffectonoverallteamperformance.
Theseresultswereidenticaltotheresultsofasimilarexperimentperformedwith
BWR crews in 1983.

MajorDescriptors: *PWR TYPE REACTORS-REAC'IOROPERATORS;
*REACTOROPERATORS-PER/_RMANCE
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Descriptmu:CONTROLROOMS;DISPLAY DEVICES;HUMANFAC'rORS;
REACTORACCIDENTS;REACTORSAFETY;REACTORSIMULATORS
Bromdm'Terms: ACCIDENTS;ANALOG SYSTEMS; FUNCTIONAL MODELS;
PERSONNEL4REACTORS;SAFETY;SIMULATORS;WATERCOOLED
REACTORS;WATERMODI_ATBD RI_CTORS
SubjectCatqlorles: 220900*-Nuclear ReactorTechnology-Rector Safety
2102O0-Powm'Reactors,Nonbreedtn8,Light.Warm'M{xlm'aled,Ncmboia_ Water
Cooled
INiS SubjectCategories:E3000'-Spectflc Ftm/onReactor_ & Their
Amcx:tatedPlants
_200.-powerRmam_,_, LightWaterModerated,Non-BoUtngWater
Cooled0rCv'R,emtypes)

3515/33(Item 15 from _ 103)
01624953 INS-854)1898_.ERA-10-041892;EDB-85-131729
Title: Sl IM.MAUD- a computerbasedtechniqueforhunumreliability_ent
Author(s): D. ILEmMey
Title: Intmmlionaltopicalmeetin8oo pmb_ilistic safetyn_ andapplications:
pmceedingLVolume 2. Sessions 9-16
CorporateSource: ElectricPowerResearchInst., PaloAlto, CA ('USA)
Confe_nc_Title:InternationalANS/F.NStopicalrimmingonpmtmbilisticsafety

andapplicadons
Confe_nce Loc_o_ SamFramcism,CA,USA Conference Date: 24 Feb 1985

PublicationDate: Feb 1985 p 94.1-94.10
ReportNumbers): EFRI-NP-3912-SR-VoL2;CONF-850206-VoL2
Or_ Numbe_. T185920542
DocumentType: Analyticof a Report;C..onfmmcelilmatme
Languase: English
JournalAnnouncement:F..DB85_

Availability: _h R©pomCenter,P.O. Box 50490. Palo Aim, CA 94303
$1_.00.
Subtile: ERA(EnergyResearchAbstracts);INS (US Alomindex input).
Countryof Origin: UnitedStmes
Countryof Publication: UnitedStales
Abstract:The SuccessLikelihoodIndexMmlmdology(SLIM)is a wklely applicable
techniquewhichcanbe used to assesshumanerrorpnt_ilities in bothprocedmalized
andcognitive m_ (i.e. those involving decision making, problemsolving, etc.). It
assumesthatexpertassessors areable to evaluatethe relativeimpmm_ (or weights)
of differentfactorscalledPerfomumceShapingFactors(PSFs), in detmnining the
likelihoodoferrorforthesituafiombeingassessed.TypicalPSFs are theextentto

whichgood_ ereavailable,operaU_areedequatelytrained,theman-machine
intm/'aceis well _ etc. IfnumericalratingsaremadeoftbePSFsfortbe
specific tasks beingevaluated,thesecanbe combinedwiththe weights to give a
numericalindex,called theSuccess LikelilmodIndex(SLD. Tie SLIrepresents,in
nunmricalform, theoverallassessmentof the expermof the likelihoodof tasksuccess.
The SU canbe subsequentlytransformedto a cCmslmd/ng humanenor probability
(HEP)estimate. The lalestformof the SLIMtechniqueis implementedusinga
micrcr.mnputerbasedsystemcalledMAUD (Multi-At_bute Utility Decomposition),
theresulting techniquebeingcalled SlIM-MAUl). A derailed_ ofthe
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SLIM.MAUDtechniqueandcasestudiesofapplicationsareavailable.Anillustrative
exampleoftheapplicationofSLIM.MAUDinpmbabflisticriskassmsmentisgiven.

_ *NUCLEARPOWRRPLANTS-RILA_ORSAFEIY;
*REACTOR SAFETY-HUMAN FACTORS; *REACTOR SAFETY-RISK
ASSESSMENT
l_mclrtpWl_DECISIONMAK]NO;ERRORS;MAN-MACHXNRSYSTI_JVIS;
PROBABILrI'Y;RIH.OdtlLrrY
BroaderTemm: NU_ FACILITIES;POWERPLANTS;SAFETY;

POWERPLANTSSubjectC_godes: 220900"-Nuclmr Reac_

Technology-Retrain'Safety
INISSubJect__ ]B30(X_-S_-t_FlmionRmcmeTypes& Their
AuactatedPlains

3515/34(Item 16 fromfile: 103)
015"78194INS-85-012850; EDB-85.084972
Title: SLIM.MAUDreseam_IXolP_: developmentof a mulfl-atm'ouWbased
mmbodologyforhunumreliabilityevaluation
Author(s): E. A. Rosa, D. E. Embrey, P. Humphreys, S. A. Szawlewicz (comp.)
Affiliation: BrooklmvenNationalLab.,Upton, NY
Tide: Tweihhwaterreactorsafetyn_mch infmmum meeting:proceedings.
Volume6

CorporateSource:NuclearRegulatoryCommission,Washington,DC (USA).

ofNuclearRegulatoeyResearch
Confa_ce Titl_ 12. waterreactorsafetyn_earchinfonnmJonmeeting
ConferenceLocation: Oai_, MD,USA Confemtce Date: 23 Oct 1984
PublicationDate: Jan1985 p 54-60
ReportNumber(s): NUREO/CP-O058-VoI.6;CONF-8410142-Vo1.6
Ordm'Number:TI_900640

DocumcmType: Analytic of a Report; Conferetge
Language: English
Journal_menC ERA8506

Availability: NTIS, PC A22]MF A01 - OPO $9..50.
Subtile:ERA(EnergyResearchAtmuam);INS(USAmmindexinput).
CountryofOrigin:UnitedStates
Country of Publication: United States
AbstractThe_ ofthispapaismdescribethermcm_pmgrmndevotedmthe
developmcmtof SLIM-MAUD, atmulti-atm_te utility-basedmethodolow/for
estinm_g hunumreliability in nuclearpower plant. The SLIM-MAUDresem_h
programisoneoftwomultiyearIxogmns spmmo_ bytheNRC to determinethe
applicabilityofexpertjudgmentu:chniqumm _ hunumreliability.Thetmsic
nuimudeunde_yingSLIM(Successt.UoetUmod_ Mmbodok_y)isthat

ofanenoroccmringinatparticularsituationdepamonthecombined
effects of atrelativelysmall set of perfmmanceshapingfactors(PSFs). In brief,PSFs
includebothhumantraitsandconditionsof the worksetting thatare likely to
influenceanindividual'sperfornmnce.MAUDisatflexible,interactivecomputer-based
systemwhichcanbeusedtoimplementSLIM.
Major Descriptors: *NUCLEAR POWER PLAN_--REACIX)R SAFETY;
*REACTORSAFETY-_ FACTORS

A-30 m.m_o



Dea:stpt_ EP.l_O_..q;i:_RlC_ttO_[_ PROBABIIIrY; RELIABILITY;
P,RSRARCHPROGP.A]_; TRAININO
BmedwTerms:NUCLEARFACILrFIES;POWERPLANTS;S_;
TImP.MAL POWER _

Subjm(:msor_ 2_)(X)*-Nuc_ _ T_-_mr
INKSSubject_ n3(XX)*--S_ minimm_,or Typma Th_
Amodm_ plmu

35/5/35 (Itmn17 fromfile: 103)
01352209 m)B.84.049888

_j): A.N. nero. R.n. Dmis.C.a. nov_ D.S.Cmwe.S. L Koztn_
Title'. Slmulmor.tmedstudyof humanavon in nuckm'powerplantccmrol room
tmb

casu_ So._: _ _ystm Corp.(:lmmnoo_TN(US^)
Puldiautoa Dan: Jan 1984p 191
_ Numbar(s):NUREGK:R-330_,SAND43.709_
OrderNmdxx: DRS400S232
Coamkq Number(IX)H): AC04..7_DIqX)789
Note:PortionsmB llkqiibleIn_he pmducm
DocumentTy_ Report

JoumalAnnouncanenCERA8404

AvMhlMUty:NTIS,PC AOWMF AOI; I.
Subtile:ERA_ ItmmchAbmscts):INS(USAsoast_ Input);NTS(NTIS).

ofOdgi.:Uni_ Sin,
C,mmtryof Publication: UnitedSines
Almract: The _ of tiffsm_ wcm m empiflc_y egmbliaha_m' rs_ fa'

nucl_ powa"plantconffolrooms duringzflm_ camalfl_, md to vomime the
clmr_ mu"m_ wt_ th_hummmu' _tl_ (HE_)Izcm_ In
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BroederTerms: ACCIDENTS;ANALOG SYSTEMS;CONTROL SYSTEMS;
FUNCTIONAL MODELS;Nt_ FACLFI'IBS: _TION; PERSONNEL;
POWER PI.AN'I3; REACTORS;SIMULATORS;_ POWERPr..AN13;
WATER COOLED REACTORS: WATER MODERATED REACTORS

SubjectCateS_ 2209(XP-Nuckm"Ib_torTechnololW-RmcuxSafety
210100.-PowerRmcmu.Noebre_ Uiht-Wmr Modamd, _ WmerCooled
210200-PowerRes,:tn.,Nmkeattn8, Usht-W_r M,xlamd, Noolx)ilinsWmer
Cookd

INIS SubjectCatesork_ E3(XX)e-specific FumiouReectorTypesa Their
AuoctmedPlato F.3100-.PowerReactors,Nontreedins._ WaterModaued,
Boiltn|WaterCookJ 0BWR,ell: typm)E32(X)-PowerReactors,Nonbmed_g,Light
WaterModemed,Non-_ln.s Wmr Cooled0'WR, _ types)
35/S/36(Item 18fromme: 103)
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Title: Human error analysisWOlPam
Auth(x(s): W. J. Luckas,Jr., S. A. Szawlewicz, (oomp.)
Afl111atloa:Bmokhavm NaflomdLab.. Upem, NY
Ti_ Tenthw-_m teac_ safetyresmn:hInf_ _ _Ss.
Volume3

Source:NucJ_r_ Commi_1o_ W_ddnp_ DC (USA).ofnc_
ofNuclearResulalo_Resemw,h

Confam_Title: 10. wsmnmcmr s_'ety _ b_mstion confec_n_
ConferenceLocation: Oa/_, MY),USA C(mferenceDate: 12Oct 1982
Publicationl)_n: hm 1983 p 52-54
ReportNumber(s): NUREO/CP-0041-Vol.3;CONF.821037-VoL3
Ord_ Number:,DE83901307

Type:Analyticofa Rqxat; Confen_.e liwrauae
tanSUS_: EnlPi_
Joun_ Amouncemenc ERA8404

Availabglty: HI'IS, PC AI4/MF A01; I - GPO $8.50.
Subtile: ERA (EnergyResearchAbsu_,s); INS (US _ inp.0.
Counm/of Origin: U_sed States
Countryof Publication: UnitedSines
Abas_C The objective of thispro?finnJutsbeento develop andapply realistichuman
pezformsn_ dataandmodelsm help evaluatethehuman'srob in nuckmrpowerplant
safety. To meet this objective, the mj(x FY 82 effort was placed in several areasof
invesligafionandaccemldislnmt, namely:, the ftmherdevelopmentof HunumError

theuse of PerformanceS_ Factorsandqumtifled expertjudsemeat in the
evaluationof hmnanreliability, theSuccessLikelihoodIndexMethod,The
developmemof the_ _ _ ReliabilityCon,-.t,,_...kmapproschfor
posthtmumdecisionaT(XS.Thepub'hshingoftheConferenceRecord for the 1981
W_ on HumanFactorsandNuclearSafety.;
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Abmacc The field wmtkincludedinterviewswitho_ lkemingexamincrs,
udlltyuainm,cmiid_8, andplantnumilemmt;in_ anddiscussionswith
pmfesskmakcontentanalysisof thewrittenportionof 24controlroomOlXnt_
examinations;etxm'valimof theconducteLexaminai_minplants;analysisof data
_ f_m NRC;md li_nm_ re.chin md nr_im_. The _ includmc_
c_alnlnS/_I/npfnxnacememanalysisof24examinadm__-.sl di_ussions
of_ea_s ofval_tyandrel/abil/ty,md _eWI_ka,_onof_esecow.ep__ _
cresolmornopera__. O_er_ discws_eneedtodevelop
_ Oe_mnancemeaan_aed_epn_ems_ wi,h_dsneedincludins
problemsoftnflu_,_ofpm'mmmce-_g factorsancontrolroom
perfmmmr.e. 'rhe lasthalf _ the rqx_ focus_ m whatcould andshouldbedone in
the futme. The n_x_ arguesIluttmy new examinalionmustbe basedon a task
analy_at,most probablythe I]qPOlask analysis. Itb alsoarguedthatattemptsshould
be madetolncorpen_me_xb formeasuringefemmn'ixoblemsolvingabili_ in
W.defined situalions. Fmtlz_, it b pointedout that the NRC needs to clarifywhether
the licensingexaminationis to be a testof minimalcompetenceor a _ test,
whedmrtheexaminationsystemb to tim save theselection functkm,andwhether
selmm licensingtestsmeneededfor RO's and SRO's.ThelastchapterIXeSmtsa
model for a new licens/ng imx:ess.;
MajorDesc_IXc_: "NUCLEARPOWER I__.ANTS-REACTOROPERATORS:
•REACTOROPERATORS-CERTIFICATION;"REACTOR
OPERATORS-LICENSING

Descril_on_EVALUATION; US NRC

i, i i i .

_mm._vo A-33



WSRC-OS.93-i6 ....... ._,lectinRthe '3eismtcHRA AIx)_ for ._!va.n.nah R_ P_nt PRARevis!_ 1 (U)

BlonderTerm¢ NATIONALOROANIZATION$;NU_ FACHJTIE$;
PERSONNEL;POWERPLANTS; TH]BRMALPOWlgt PLANTS: US
ORO_TIONS

SubjectCategories:21070(P-NuclearPowerPlants-Regulation& IAceming
210801-Nlclear Power Plants- ' - tim & _-(-1987)
290eo0-ene_ ptmntng&PoUcy-Nuctmremgy
INIS Subject Categories:F22*-NuclearLaw-Nuclem"
FI 1-NuclearPowerEconomics

35/5/38(Item2Ofromfile: 103)
01285151 IN$-83-023408;EDB-83-185156
^utUa_s):,,,.U. MmmUy
Tide: Analysis and nuxleling of humanperfogmmcein nuclearpowm'plants
C(rlXnteSomce:IowaStateUniv.ofScienceandTechnology,Ames(USA)
Publidzr: IowaStateUniv.,Ames,IA
PubHcatimDate: 1982 p 282
Academ_DegreeTtmts0'U.D.)
DocumentType: Dissmmtion
Language:English
JournalAnnouncement:EDB_509

Availability: UniversityMicrofilmsOrderNo. 82-2I,,207.
Subtile: INS (US Atmnindexinput).
Countryof Origin: UnitedStates
Countryof Publicatk_ UnitedStates
Absuacc Thisworkinvestigatestwoimp(mantareas in humanwJiabUityengineering
nmde_ forhumanperfmnmmceanalysi&andreliabledalaforIhesemodels. In the first
cuba,theauthoraddressesthetwo modelingtchnklum "n4ERP" and"SAINT"
showingthatthe flexibiUtyandnuclearrelevanceof the secondgive it the meritto be
usedin modelingandanalyzinghumanrash incomplex man-machinesystemssuch
asnuclearsystems. A case studyis invesfiSau_and simulatedby the "SAIN'I"to
exploreits dyrmmiccalmldlities.In the secondarea,the authorevaluatesall the
availablehunumdatasomces, develop8a new descriptionformatfor humanrelated
events withall the informationnmlxicesneededforhumanreliabilityanalysis. A
completeqpetatims databankforsixty-five comnzm:ialpowerplantsin theU.S.A.
over a periodof lea years is u3mmcted. Damanalysis,wilh qualitativeand
quantitativeevaluationsusingthe infoemationmuices providedin theoperationsdam
bank.ispresented._ morpm_iUty compmmimsarenmdeforsome
opm'mional_ in selectednuclearm_ safety feana_systems. Moreover,the
assessmentoftheroleofthepedonnanceshapingfactorsisdiscussed.
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Absuact: Thispaper¢xxutklenthe humanreliabilitydataneeds for _ Risk
Asse_ment, andconcludesthatsome form _ _ will be neededto
Sulplementthelimiteddataresourcesc_rently available.A techrdqueforquentifyi_
expertsubjectivejudgementis described,whichcanbe used to systemalkallyperform
extrapolations.Some preliminaryresultsfromrecentresearchin thisareaare
_seme_;
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Abstngt: The _ ob)ectiveof the Safety-Related_ Action (SROA)
PrognunatOakRidgeNationalLa_ istol_rovidea data base to support
develolznentof criteriaforsafety-relatedactionsby nuclearpow¢_plantopcraWrs.
When competedto fielddatamilected on similarevents,a baseof _
perfonnan_ datadevcloW4 fromthesimulat_ _ts can thenbe usedto

safety-relatedoperatoractiondesign evaluationtotem, evaluatetheeffects of
p_ommce shapingfactors,md supportsafety/ink a_ment zmaly_. This report
Wesentsdataobtainedfrom_ trainingexegises conductedin a pmssurL_iwat_
reactor(PWR)powerplangcontrolroom simulatta'.The 14 ex_ were performed
by 24 teamsof licensedepegatmsfromone utility,and_ perf_ was
recordedby anaummtic Perfcmm_ MeasurementSystem. Datatapeswere analyzed
to extract_ responsetimes (RTs)andes_r rateinformation. Demographicand
subjectivedatawerecollectedby meansof briefq_ andanalyzedin an
attemptto evaluatetheeffects of selectedpeffcmnanceshapingfactorson
perf--.;
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EDUCATION,REACTORSAFETY; REACTORSIMULATORS
BroaderTerms: ACCIDENTS;ANALOG SYSTEMS;FUNCTIONALMODELS;
PERSONNEL;REAC'IX)RS;SAFETY:SIMULATORS;WATERCOOLED
REAC'I_RS; WATERMODERATEDREACTORS
SubjectCategories:2209(X)'-NuclearReactorTechnology-Reactor Safety
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Title: _gs of the internationalmeetingon thermalnuclearreactorsafety.
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Absm_ In om conu_l mornsimuimcrresearch,_ seem to be apowerful
perfomuu_ shapingfactoreffectingcontrolroomcpemorperfommn_ Em_
pm_bUitymgreasy_ bypoorpmczdmes.Nm_vemyleprocedm_
containingseveralactionscauseomissions aplzrmching100%of lateractionsin a
s_-p. Listed stepswhich are inoona_mmtin formatcan be omittedmorethan 10%of
tbe tin_. Wordingis cridcal;a mism_ _ _ andconu_ panel

can causeomission ratesupm 3395. With_ havingsuchdramatic
impact, the current emphasis oncontrolpanelrevisionandsafety displays is
misplaced.Moreriskreductionperdollarc_mbeachieved,andmorerapidly,by
clemingupthepmcotur_;
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COOLED REACTORS; WATER MODERATED REACTORS
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Counuy of Origin: UnitedStates
Countryof Publication: UnitedStates
Abstract:Reliabilitymodelingtechniqueshavebeendevekq_l for applicationto
nuclearsystemsandarepresentlybein8consideredby theNuclearRegulatory
Commissionfor licensing purposes.ThreeMile Islanddemonstratedthe need for the
ability to now assess the humanfactor. This needis bothqualitativeand quantitative.
Humanbehaviormodelsneed tobe developedandlestaf;also humanaror ratesneed to
be collectedandanalyzed. Thepapa"discusses severalongoingeffortsfordeveloping
these humanperformancemodelsandllolmsed metlmdsforhumanenos'ratedata
collection. This includesconsiderationof infonmtfionto be foundin the licensee

cvent _xrts (tXRs) as well as somces of humanfactordatafrem relatedoperating
nuclearplantrecordsis men_ andtheuse of humanperformanceshapingfactors
in modelinganddatacollectionprocess is discussed.;
MajorDescriptms:*NUCLEARPOWERIK,ANTS-PROFESSIONAL
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Abstract:The conmlmfiee of openu_ qualificatkmto the ef_iency end safetyof
nuclearpow_ plants is discussed. The limi_iem of thisconmlmtion are

demonstratedby a comparisonwithotherpeff_ shapingfactorsinvolving
ergonesnic,technicalandecganizadonalcharacterisu'csof the worksituation. Work
andtaskanalysesaQreconsideredtobe valid_'on aids fordeterminingthecontents,
objectivesandpmcedmcsof opcnUorqualification.;
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