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ABSTRACT

This report presents the findings of a study of the contributions of human performance to

risk in operating events at commercia nuclear power plants. The Nuclear Regulatory
Commission (NRC) Accident Sequence Precursor (ASP) Program and the Human
Performance Events Database (HPED) were used to identify safety Sgnificant eventsin
which human performance was amgjor contributor to risk. Conditional core damage
probabilities (CCDPs) were calculated for these events using Systems Analysis Programs for
Hands-on Integrated Rdiability Evauation (SAPHIRE) software and Standardized Plant
AndyssRisk (SPAR) models.

Forty-eight events described in licensee event reports and augmented ingpection team
reports were reviewed. Human performance did not play arolein 11 of the events, so they
were excluded from the sample. The remaining 37 events were quditetively andyzed.
Twenty-three of these 37 events were aso andlyzed usng SPAR models and methods.
Fourteen events were excluded from the SPAR analyses because they involved operating
modes or conditions outside the scope of the SPAR models.

The results showed that human performance contributed significantly to andyzed events.
Two hundred and seventy human errors were identified in the events reviewed and multiple
human errors were involved in every event. Latent errors (i.e., errors committed prior to the
event whose effects are not discovered until an event occurs) were present four times more
often than were active errors (i.e., those occurring during event response). The latent errors
included failures to correct known problems and errors committed during design,
maintenance, and operations activities. The results of this study indicate that multiple errors
in events contribute to the probabilistic risk assessment (PRA) basic events present in SPAR
models and that the underlying modes of dependency in HRA may warrant further

attention.
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EXECUTIVE SUMMARY

To better understand how human performance influences the risk associated with nuclear power
plant operations, the U.S. Nuclear Regulatory Commission (NRC) Office of Nuclear Regulatory
Research (RES) requested the Idaho National Engineering and Environmental Laboratory (INEEL)
to identify and characterize the influences of human performance in significant gperating events.

The INEEL used the Accident Sequence Precursor (ASP) program to identify events associated with
high-risk sequences and the Standardized Plant Analysis Risk (SPAR) models to calculate measures
of risk associated with human performance in those sequences.

Analysis results suggest a number of findings regarding the influence of human performance on the
sample of significant operating events analyzed. The following six findings were considered to be
the most important to probabilistic risk assessment (PRA) by the analysis team.

1

Human error contributed significantly to risk in nearly all events analyzed. Forty-one percent of
events involved partia or complete loss of either onsite or offsite power, twenty-two percent
involved loss of Emergency Core Cooling Systems (ECCS) and nineteen percent involved loss
of feedwater. The increase in event risk for the operating events studied varies from 1.0E-6 to
1.0E-3 over the nomina core damage probability (CDP), which ranged from 1.3E-5 to 1.2E-4.
The average human error contribution to the change in risk was 62%.

Latent errors were present in every event analyzed and were more predominant than active errors
by aratio of 4to 1. Latent errors were noted in all facets of performance studied, including
operations, design and design change work practices, maintenance practices and maintenance
work controls, procedures and procedure development, corrective action program, and
management supervision. The degree of latent error involvement in risk-significant operating
events warrants attention. A study of the contribution of latent errors to the important basic
events in models of plant risk would provide useful information especialy in cases where the
cause of the failure isimportant. Thiswould help to focus resources on plant programs that are
important contributors to plant risk.

Without exception, the operating events analyzed included multiple contributing factors. On the
average, the 37 events contained 4 or more human errors in combination with hardware failures.
Fifty percent of events contained five or more errors. Many events contained between six and
eight human errors.

Human errors can result in the failure or increased likelihood of failure of risk-significant
equipment. For a sample of ten events with the highest event importance, human error was
determined to contribute to component failure. There were three events where a single human
error contributed to asingle PRA basic event, and seven events where multiple human errors
contributed to multiple PRA basic events. Dependency between maintenance and design errors,
and dependency between preceding and subsegquent component failures in severa event
sequences suggests that the issue of the representation of dependency in human reiability
anaysis (HRA) needs to be given detailed consideration and failure rates for dependency
determined.

Design and design change work practice errors were present in 81% of events, maintenance
practices and maintenance work control errors were present in 76% of events, and operations
errors were present in 54% of events. Additionally, more maintenance and operations errors
mapped to basic eventsin the PRA model than did design and design change errors.

Forty-one percent of the analyzed events demonstrated evidence of failure to monitor, observe,
or otherwise respond to negative trends, industry notices, or design problems. This suggests that
inadequacies in licensee corrective action programs may play an important role in influencing
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operating events. Indicators for determining when these processes are flawed, and what impacts
on safety and performance may be expected, are recommended.

Areasfor Potential Enhancement of HRA

This study has identified severa areas for potential enhancementsto HRA. They were characterized
by the analysis team and are presented below for future consideration.

1. A method for using human performance data from operating events to support HRA should be
considered. Updates to human error probability (HEP) reference values and distributions based
upon operating experience would be a significant improvement for HRA.

2. HRA applications can be directed toward characterizing latent errors and a portion of work
process variables present in events. Guidelines on how this can be integrated with existing fault
tree and event tree models, including level of HRA analysis, should be developed as part of the
HRA process.

3. Dataon activities related to maintenance, surveillance, test, cdibration, instalation, and
corrective action prioritization and processing would provide atechnical basis that could be used
in conjunction with the analysis of operating events for ng the root causes of equipment
failures and for potentia recovery actions.

4. The mechanisms by which small, multiple errors impact risk and the linkages by which they
combine should be better understood. After aninitial human error, dependency calculation
methods often increase subsequent HEP estimates. However, many small errors are often not
considered or are discarded after the screening analysis. Often these small, multiple errors cross
systems and components, but do not become important until the occurrence of the initiating
event.

5. The percentage of hardware unavailability due to human error as opposed to random hardware
failuresis not known. If this were determined by review of plant specific data then the risk
reduction associated with increased human rdiability in these areas could be better
approximated.

xii



ACRS
AFW

AlT

ANO
ASEP

ASP
ATHEANA

B&W
BWR

CAHR
CCDF
CCDP
CCDPHE
CDF
CDP
COSIMO
CR
CREAM
CRIEPI
CWwW

DG
DGCWP

ECCS
EDG
EFW
EHC
EMRV
ENEL
ENS
EOP
EPRI
ERAT
ESFAS
ESWS

FRV

HEART
HEP
HI
HMI
HPCI
HPED
HP!
HRA
HVAC

&C

ACRONYMS

Advisory Committee on Reactor Safety
auxiliary feedwater (system)
Augmented Inspection Team

ANO

Accident Sequence Evauation Program
Accident Sequence Precursor

A Technique for Human Event Analysis

Babcock and Wilcox
boiling water reactor

Connectionism Approach for Assessing the Reliability of Human Actions
conditional core damage frequency

conditiona core damage probability

Portion of CCDP due to human error

core damage frequency

core damage probahility

Cognitive Modd for Simulation of Operator’s Behavior
control room

Comprehensive Rdiability Analysis Method

Central Research Ingtitute of Electric Power Industry (Japan)
circulating water

diesdl generator
diesel generator cooling water pump

emergency core cooling system
emergency diesel generator

emergency feedwater (system)
electro-hydraulic control system
electro-mechanical relief vave

[talian Research Ingtitute

emergency notification system
emergency operating procedure

Electric Power Research Ingtitute
emergency reserve auxiliary transformer
engineered safety features actuation system
essential service water system

feedwater regulating valve

Human Error Analysis and Reduction Technique
human error probability

human interaction

human machine interface

high pressure coolant injection

Human Performance Events Database

high pressure (safety) injection

human religbility analys's

heating, ventilation, and air conditioning

instrumentation and control

Xiii



IE initiating event

T Incident Investigation Team

INEEL Idaho National Engineering and Environmental Laboratory
INPO Institute of Nuclear Power Operations

IPE Individua Plant Examination

ISPRA Institute for Systems Engineering and Informatics (Research Center, Italy)
JAERI Japanese Atomic Energy Research Ingtitute

LCO limiting conditions for operations

LDST letdown storage tank

LER Licensee Event Report

LLOCA large loss of coolant accident

LOCA loss of coolant accident

LOOP loss of offsite power

LTOP low temperature over-pressure

MCC motor control center

MERMOS  French safety analysis stressing the human factors safety mission
MFB main feed breakers

MFW main feedwater

MG motor generator

MLOCA medium loss of coolant accident
MOV motor operated valve

MSIV main steam isolation vave

MSSV main steam safety valve

NEA Nuclear Energy Agency

NOUE notification of unusua event

NPP nuclear power plant

NRC Nuclear Regulatory Commission
NSS nuclear shift supervisor

NUREG Nuclear Regulatory Commission Report
OECD Organization for Economic Cooperation and Devel opment
ORE operator reliability experiments
ORNL Oak Ridge National Laboratory
PCIS primary containment isolation system
PCIV primary containment isolation valve
PCS primary coolant system

PHP Program on Human Performance
PORV power operated relief valve

PRA probabilistic risk assessment

PSA probabilistic safety analyss

PSF performance shaping factor

psa pounds per square inch (atmospheric)
psd pounds per square inch (differential)
psg pounds per square inch (gauge)
PWR pressurized water reactor

QA quality assurance

RAS recirculation actuation signa

Xiv



RCIC
RCP
RCS
RES
RFI
RHR
RO
RPS
RT
RVLIS
RWST
RWT

SAPHIRE
SAT
SBO
SCRAM
SCSS
G
SGTR
SHARP
Sl

SLIM
SLOCA
SNSS
SPAR
SPDS
SRO
SRV

SS

STA

Tave
TDAFW
THERP
TRANS
TS

UAT
UST
uT

VAR
VVER

reactor core isolation cooling

reactor coolant pump

reactor coolant system

Office of Nuclear Regulatory Research
risk factor increase

residual heat removal

reactor operator

reactor protection system
radiographic testing

reactor vessel leve indication system
reactor water storage tank

refueling water tank

Systems Analysis Programs for Hands-on Integrated Reliability Evaluations
station auxiliary transformer

station blackout

safety critical reactor axe man

Sequence Coding and Search System

steam generator

steam generator tube rupture

systematic human action reliability procedure
safety injection

Success Likelihood Index Method

small loss-of -coolant accident

senior nuclear shift supervisor

Standardized Plant Analysis Risk

safety parameter display system

senior reactor operator

safety relief valve

system safety

shift technica advisor

average temperature

turbine driven auxiliary feedwater
Technique for Human Error Rate Prediction
transient

technica specification

unit auxiliary transformer
unit service transformer
ultrasonic testing

volt-ampere reactive
water-water energy reaction type PWR plant



XVi



1. INTRODUCTION AND BACKGROUND

The purpose of this report is to describe how
human performance has affected recent
operating events in commercia nuclear
power plants and the root causes of that
performance. Selected events were
evaluated to determine the impact of human
performance on those events. The work is
intended to support the technical basis for
identifying and prioritizing human
performance research and to highlight the
potential use of event analysis to better
understand and identify the context" for
human error

The present study also supports Task 1
objectives of the Nuclear Regulatory
Commission Human Rdiability Analysis
(HRA) Research Program to: provide datato
support quantification of failure probabilities,
support and improve existing HRA models,
and to further define HRA data needs.

The approach selected to identify the
contribution of human performance to
significant events was to analyze ASP events
that had a calculated conditional core
damage probability (CCDP) of 1.0E-5 or
greater, in which human performance was an
important contributing factor. Details
regarding event selection are described in
Section 2.

Because this study focuses on the human
contribution to increased risk as observed in
operating events, thereis no consideration
given to the positive impact of human
performance on nuclear power plant risk.
This does not imply that human performance
has no positive impact, indeed, quite the
oppositeistrue. Every event analyzed in this
study was successfully terminated by actions
of the operating crews.

1.1 Key Termsand Definitions

1The phrase “context” as used hererefersto
combination of the individual and crew
characteristics including experience and skill,
task requirements, plant systems and conditions,
and environmental factors that may influence
human error.

The following are definitions as used in this
report.

Active Error — active errors are those that
result in initiating events, or those that occur
as a post-initiator response to an initiating
event.

Basic Event — refers to the lowest level of
component failure mode modeled in the PRA
and can include human actions, as well as
hardware unavailabilities and failures.

CCDP — conditiona core damage
probability. The core damage probability for
anuclear power plant given a set of
component failures and human errors as
observed in an operationa event.

CDP — core damage probability. The
likelihood of a nuclear power plant
experiencing core damage over agiven
period of time based on the nominal core
damage frequency (CDF). Thisisthe base
case for comparison to the CCDP in event
assessment.

Event — operating event analyzed in the NRC
ASP Program and used in this study.

Failure — the inability of a component or
human to perform its functions as required
by a probabilistic risk assessment (PRA)
moddl. Failures are generally modeled as
individual and independent basic eventsin a
PRA.

Human error categories — represent the
consolidation of error subcategories
possessing a common theme. In the present
study, six categories were identified:
operations design and design change work
processes, maintenance practices and
maintenance work control, inadequate
procedures and procedures revision,
corrective action program and learning, and
management oversight.

Human error subcategories — those errors
identified through INEEL review of Licensee
Event Report (LER) and Augmented



Inspection Teams (AITs) data sources.
Twenty-one subcategories were identified
and definitions for each are presented in
Section 3.1.1.

Latent Error —latent errors are those errors
that are committed pre-initiator and whose

effects are not realized until the event occurs.
Reason (1990) notes those latent conditions
that influence events can be present for long
periods of time before combining with
workplace factors including active errors to
produce an event.



2. METHODOLOGY

2.1 Approach

For thisresearch, the INEEL reviewed events
that had been previoudy selected by the ASP
Program at Oak Ridge Nationa Laboratory
(ORNL) and found to have a CCDP of
1.0E-5 or greater. Thisis consistent with
Regulatory Guide 1.174 where the
acceptance guidelines for increasesin CDF
generaly do not allow changes greater than
1.0E-5. A subset of these eventsin which
human performance appeared to be an
important factor was selected and analyzed.
Following the ASP methodology, the INEEL
calculated a CCDP using specific
standardized plant anadysisrisk (SPAR)
models. The INEEL developed these plant
models using the Systems Analysis Programs
for Hands-on Integrated Reiability
Evaluation (SAPHIRE)® PRA software
package. To distinguish these models from
full PRA modelsin SAPHIRE, they are
called SPAR models.

SPAR models exist for al nuclear power
generating stations; however, only limited
coverage is provided for operating modes
other than full power. Some of the risk
significant operating events selected
occurred in a plant mode for which SPAR
models are not currently available. Inthose
instances, qualitative analyses were
performed and human errors that contributed
to the event and were present in the LER or
AIT sources were noted.

An INEEL team consisting of a plant
systems and SPAR analyst, a human factors
and HRA analyst, and a plant operations
analyst, conducted qualitative analyses of
events. The selection process for analysis
first emphasized those events for which AIT
or incident investigation team (I1T) reports
were available. Forty-eight events were
identified and reviewed to determine whether

2 K.D. Rus=l et d., NUREG/CR-6116, Vdl. 1-
8, Systems Analysis Programs for Hands-on
Integrated Reliability Evaluations (SAPHIRE)
Version 5.0, US Nuclear Regulatory
Commission, July 1994,

human performance contributed to the event.
Eleven events had no direct human actions as
root causes, and were not given any further
consideration. There was no discernible
pattern in terms of CCDP for the 37 events
with human performance contributions
versus those events having limited or no
human performance contribution. There was
no apparent correlation between the CCDP
values and the degree of human performance
involvement for the events evaluated.

Human performance was an important
contributor in al 37 events. All events were
andyzed quditatively, but only 23 events
were anayzed quantitatively. In every
instance, the team reached consensus
regarding the presence of a human failure
and the category associated with that failure.

2.2 Event Selection Criteria

Selection of the events for analysis began by
review of the LERSs and other reports for
ASP-identified events that had occurred
between January 1, 1992, and December 31,
1997, and that had an ASP-calculated CCDP
greater than 1.0E-05. During the course of
the study two additiona events (Indian Point
2 event on August 31, 1999 and Hatch on
January 26, 2000) occurred that were deemed
pertinent to the project and were added to the
others.

With one exception, these event analyses
used Rev. 20QA versions of the Level 1
SPAR modds. (e.g., Standardized Plant
Analysis Risk Model for Wolf Creek
Generating Station 1997). The Rev. 3i

SPAR model was used for the Millstone Unit
2 event assessment. Rev. 3i SPAR models,
currently under development at the INEEL,
incorporate the large loss-of -coolant accident
(LLOCA) and medium loss-of -coolant
accident (MLOCA) initiating events that are
required for the analysis of the Millstone
Unit 2 event on January 25, 1995.

SPAR analyses of these events allowed for
estimating the contribution of human errors

to the increased CCDP. It isnot possible to
extract this information from the ASP



program LER analyses reported in
NUREG/CR 4674, VVolumes 17 through 25,
Precursorsto Potential Severe CoreDamage
Accident, because these reports are
summaries of earlier analyses. Thus, they
typically do not document the base CDP.
Calculation of the risk factor increase (RFI)
and other event importance measures used in
the present study requires the CDP as input.
Also, the ASP and SPAR programs have
made significant changes to methods and
data, and it was decided to employ the latest
generation of models.

For each event analyzed with a SPAR mode,
both a CDP and CCDP were calculated.
The SPAR model results do not necessarily
match the results reported by the ASP
program, nor should they be expected to do
so. Differences are due to model version
(enhanced detail of components and systems)
and analysis methodology differences. For
example, the models and software platform
for ASP have evolved from split-fraction to
linked fault tree analysis. Underlying basic
event and initiating event probabilities have
been refined as well.

SPAR mode analysis was run for each
event. Nominal and event-specific sequence
CDPs were determined. The contribution of
human performance to CDP, RFI, and the
event importance were also characterized.
Additionally, human performance issues
underlying the events were described in
detail.

Appendix A contains summaries of events
taken from Human Performance Event
Database (HPED) and the AIT or LER
reports, human error descriptions, indication
whether the error was active or latent, and
associated error subcategory. Typically, the
event assessment for each of the events made
use of the analyses performed within the
ASP program when those were available.

2.3 Determination of Risk Measures

Risk factor increase and event importance
measures were used in the present study.
Regulatory Guide 1.174 provides guidance
for interpretation of event importance
measures.

The contribution of human performance to
the event importance was determined in the
present study. It was calculated as the ratio
of the portion of event importance attributed
to human errors, relative to the total event
importance. In equation form thisis.

Human Event Contribution (%) =

CCDPHE - CDP
CCDPEvent - CDP

"~ 100%

Terms used in the formula:

CCDPHE: the portion of CCDP due to
human influences, determined by the
analysis team who reached concurrence
regarding whether the basic event cause in
the LER could be attributed to human
performance. Details regarding the
screening questions used by the team to
support their determination of cause are
found in section 3.1

CCDP: total CCDP for the event

CCDPHE — CDP: event importance due to
human error contributions

CCDP Event — CDP: tota event
importance.

CDP - core damage probability. The
likelihood of a nuclear power plant
experiencing core damage over agiven
period of time based on the nomina CDF.
This is the base case for comparison to the
CCDP in event assessment.



3. EVENT ANALYSISRESULTS

This section presents CDF, CDP, and
corresponding conditiona core damage
frequency (CCDF) or CCDP results that
were used to derive insights regarding the
influence of human errors on event risk.
Summary data regarding the type of human
error present across al events analyzed in
this study follows. Human error findings on
an event-by-event basis are also presented
along with adiscussion of error category and
subcategory results. For a synopsis of
events, refer to Tables A-1 and A-2.
Appendix B summarizes each event in terms
of the presence of active and latent errors.

3.1 Quantitative Event Analysis:
ASP/SPAR and Human Performance
Findings

Table 3-1 summarizes the PRA modd
evauation findings for events andyzed in
this study ranked by event importance. Rev
2QA SPAR models yielded different CCDP
vaues than did the earlier ASP models.
These differences reflect model changes
made over time. Risk factor increase
measures for every event are also presented.

The “ASP reference’” column in Table 3-1
includes the CCDP values for individua
events that were obtained from the ORNL
risk analysis performed in the ASP Progran’.

Event descriptions that appear in this report
were developed from LERs and AIT sources
reviewed by the INEEL team. LER numbers
are supplied for al events reviewed in this
report and event dates and LER numbers are
obtained from the NRC Sequence Coding
and Search System (SCSS) database.

Basic event values in the SPAR model were
determined as part of the SPAR model
development program. A basic event
includes the failures of individua

components and/or explicitly modeled

® NUREG/CR-4674, Precursors to Potential
Severe Core Damage Accidents: 1992, A Status
Report, Vol. 17-26, Oak Ridge National
Laboratory.

human actions. In event assessment, the risk
associated with the basic event failures
present in an operating event are considered
and compared to the risk calculated prior to
the event. There are different waysin which
to characterize resulting differences between
the two. For example, the importance of the
operating event (CCDP-CDP) or the risk
factor increase (CCDP/CDP) can be used to
evaluate the difference in risk between the
PRA base case and the actual event.

An event importance measure of greater than
or equa to 1.0E-6 was used as the criterion
for retention of eventsin thisstudy. Thisis
consistent with guidance suggested by
Regulatory Guide 1.174, where any risk
increase less than 1.0E-6 is considered
inggnificant. Additiondly risk factor
increase was devel oped as a measure of
relative risk significance of an event.* This
measure is the ratio of the event CCDP to the
nomina CDP value.

The human error contribution to the event
importance calculated in the present study
represents aratio of the portion of the event
importance attributed to human error to the
total event importance.

As part of the analysis, the percent human
error contribution to event importance was
considered. The team reviewed the
components failed in the event and asked a
number of questions to decide whether the
component failure or unavailability was due
to or influenced by human error.

* The risk factor increase compares the analyzed
event CCDP to the baseline CDP (CCDP/CDP).
For example, afactor increase of two represents a
doubling of the core damage probability when
given sets of components are guaranteed/
postulated to be failed. For eventswith a CDP of
1.0E-05 or greater afactor increase of 1.1 would
represent arisk change (delta) of at least 1.0E-06
meeting the guidance of Regulatory Guide 1.174
(1998).



Table 3-1. INEEL Results of SPAR Conditional Core Damage Probability Analyses Ranked by Event Importance.

Risk Importance Measures

ASP

gn?fjermce SPAR Risk Factor Human Failure
AnaYS'S  soreening  Faility EventDate LER and AIT Numbers Analysis  Increase '(Eggg F',r_‘ggg;’me o onto

: Basis CCDP (CCDPICDP) Event Importance®

Vaue

(CCDP)
1 21E-04  Wolf Creek Generaling _ O1/30/96 _ 482-96-001 52E03 24857 52603 100
2 21E-04  Oconee2 1019/92  270-92-004 3203 865 32E-03 100
3 12E-04  Perry1 04/19/93  440-93-011 21603 2421 2.1E-03 100
4 22604  Oconee?2 04/21/97  270-97-001 71E04 25 4.3E-04 100
5 13E-05  Limerick 1 09/11/95  352-95-008 48E04 98 4.3E-04 100
6 20E:04  Indian Point 2 08/31/99  AIT 50-246/99-08 35604 25 3.4E-04 100
7 93E05  McGuire2 12/27/93  370-93-008 46E03 24 27E-04 82
8 NA Hatch 0U26/00  321-00-002 25604 132 2.3E004 100
9 21E-04  Robinson 2 07/08/92  261-92-013, 261-92-017,and  23E-04 4.2 1.8E-04 100

261-92-018
10 65E-05  Haddam Neck 06/24/93  213-93-006and 213-93-007,  20E-04 43 15E-04 48
AIT 213/93-80

11 32605  Oconeel, 2, and 3 12/02/92  269-92-018 156-04 125 1.56-04 100
12 18E-05  RiverBend1 00/08/94  458-94-023 12604 25 1.2E-04 100
13 18E-04  Sequoyshland 2 123192 327-92-027 11E-04 14,103 1.1E-04 100
14 55605  BeaverValey 1 1012/93  334-93-013 62605 10,690 6.2E-05 100
15 NA 4 Dresden 3 05/15/96  249-96-004 26605 153 2.4E-05 100
16 11E-04 S Ludel 10/27/97  335-95-005 38E05 29 2.5E-05 100
17 46E05  Sesbrook 1 0521/96  443-96-003 3E-05 23 25E-05 100
18 65E-05  Comanche Pesk 1 06/11/95  445-95-003and 445-95-004  19E-05 1462 1.9E-05 10
19 60E-05  ANOUnit2 0719/95  368-95-001 14E-05 737 1.4E-05 100
20 56E-04  ANOUnit1 05/16/96  313-96-005 96E06 505 9.4E-06 100
21 37605  D.C.Cook1 09/12/95  315-95-011 33E05 12 4.9E-06 80
22 13604  LaSdlel 09/14/93  373-93-015 45605 107 3.0E-06 100
23 77605  Millstone2 OU25/95  336-95-002 26605 104 1.0E-06 100

®Based on analyst assignment of contributions to basic events failedin the risk model. These contributions were then propagated through the PRA risk equation.



The team worked on the events individually
and then met to discuss the events and
component failures with a set of questions for
guidance. The following questions were used:

Was the likelihood of component
failures influenced by inadequate
maintenance, surveillance, or testing?
Did operators or maintenance
personnel operate or maintain
equipment improperly, influencing the
likelihood of failure or unavailability?
Did work package design, procedure
development or reviews influence the
likelihood of the failure(s)?

Did the level of technica knowledge of
the staff influence the likelihood of
initiating events, failures or
unavailability for components modeled
in the PRA?

Did the organization fail to respond to
industry notices or delay corrections to
known design deficiencies that may
have prevented the event from
occurring?

The typical methods used to determine
contributors to risk or importance to risk

require evaluation of the risk equations
generated in aPRA. Thislimits the resultsto
only the risk elementsthat are explicitly
modeled. A considerable amount of additional
analysisis needed to get to contributors that are
implicitly in the mode through data or
assumptions. Such an analysis was not within
the scope of thisstudy. To gain someinsights
regarding the involvement of active and latent
human errors, an evaluation was made based on
the answers to the above questions. Consensus
resulting in affirmative answersto any of these
questions for a component that was modeled as
failed in the PRA resulted in a determination
that the percent human error contribution to

that component’ s failure was 100%. This
represents ascreening analysis of the impact of
human performance.

The total human error contribution assigned to
the event is determined by how the impacted
components come together in the logic of the
risk equation (i.e., the cutsets coming out of the
event analysis). For example, the value of 82%
listed for the McGuire 2 loss of offsite power

(LOOP) resulting in areactor trip event
represents a calculation of the contribution of
human error