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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government Neither the ‘nited States Government nor any agency thereof, or any of thew
employees, makes any warranty, expressed or impled, or assumes any legal hability of re
sponsibility for any third party’s use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights

NOTICE
Availability of Reference Materials Cited in NRC Publications
Most documents cited in NRC publications will be available from one of the following sources

1 The NRC Public Document Room, 1717 H Street, N W
Washington, DC 20655

2 The Superintendent of Documents, U.S. Government Printing Ottice, Post Ottie Box 37082,
Washington, DC 20013 7082

3 The Natwonal Techrucal Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it 15 not intended to be exhaustive

Referenced documents available for inspection and copying for a fee from the NRC Public Docu
ment Room include NRC correspondence and internal NRC memoranda, NRC Otfice of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices,
Licensee Event Reports, vendor reports and correspondence, Commussion papers and apphicant and
hicensee dnhcuments and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Program formal NRC staft and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commussion_ forerunner agency to the Nuclear Regulatory Commission,

Documents available from public and special technical hibraries include all open literature tems,
such as books journal and periodical articles, and transactions. Federa/ Register notices federal and
state legislation and congressional reports can usually be obtained from these libraries

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited

Single copies o NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U S Nuclesr Regulatory Com
mission. Washington, DC 20555

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the oniginating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway. New York NY 10018
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ABSTRACT

This supplemental report is the fourth in a series that document and use
methods developed by the Pacific Northwest Laboratory to calculate, for
prioritization purposes, the risk, dose and cost impacts of implementing
resolutions to reactor safety issues. The initial report in this series was
published by Andrews et al. in 1983 as NUREG/CR-2800. This supplement consists
of two parts describting separate research efforts: (1) an alternative human
factors methodology approach and (2) a prioritization of the NRC's Human Factors
Program Plan. The alternative human factors methodology approach may be used in
specific future cases in which the methods identified in the initial report
(NUREG/CR-2800) may not adequately assess the proper impact for resolution of
new safety issues. The alternative methcdology inciuded in this supplement is
entitled Methodology for Estimating the Public
Factors Improvement. The prioritization sect.on of this report is entitled
Erioritization of the U.S. Nuclear Regulato

Plan.



PREFACE

This report was prepared by the Pacific Northwest Laboratory (PNL) to
communicate results of the Prioritization of Safety Issues (PSI) Project. An
objective of the project is to develop a methodology for use in quantifying
risk, dose and cost impacts of resolutions to reactor safety issues and to apply
this methodology issues of interest to the NRC. Results of this project will be
used by the NRC to support, in part, decisions on resource allocations to
resolve specific issues. Prioritization decisions by the NRC are documented in

NUREG-0933, A Prioritization of Generic Safety Issues.

This is the fourth in a series of reports from the PSI project. The first
report, the initial NUREG/CR-2800, contains a description of the methodology and
three example issue analyses. The second report (Supplement 1) contains results
in 15 additional issues. The third (Supplement 2) contains results of analyses
for 31 more issues.

This document (Supplement 3) consists of two parts. Each part describes
the results of a research effort that was undertaken in the human factors area.
The first part, entitled
Factors Improvements, documents efforts to determine 1f currently used methods
for assessing human-factors effects can e improved. The second part, entitled

summarizes the results of risk and cost analyses conducted by the Pacific
Northwest Laboratory in support of efforts for the Human Factors Program Plan.

The following l1isting fdentifies issues that were documented in the initial
NUREG/CR-2800 report and in the two supplements previcusly published.

- NUREG/CR-2800 (PNL-4297)
18 Steam Line Break with Consequential Small LOCA
B-56 Diese) Generator Reliability
I1.A.2.2 Training and Qualifications of Operations Personnel
NUREG/CR-2800 (PNL-4297) - SUPPLEMENT 1
23 Reacter Coolant Pump Seal Faflures
B-6 Loads, Load Combinations, Stress Limits
B-10 Behavior of EWR Mark III Containments
B-26 Structural Integrity of Containment Penetrations
B-55 Improved Relfability of Target Rock Safety Relief Valves
B-58 Passive Mechanical Failures
c-8 Main Steam Line Leakage Control Systems

v



NUREG/CR-2800 (PNL-4297) - SUPPLEMENT 1 (CONTD)

I.A.2.7 Accreditation of Training Institutions

I1.C.1(4) Confirmatory Analysis of Selected Transients

11.B.6 Risk Reduction for Operating Reactors at Sites with High
Population Densities

11.C.2 Continuation of Interim Reliability Evaluation Program

11.C.3 Systems Interaction

11.C.4 Reliability Engineering

I11.D0.3.1 Radiation Protection Plans

IN.E.5 Safety Decision Making-Assess Currently Operating Reactors

NUREG/CR-2800 (PNL-4297) - SUPPLEMENT 2

15 Radiation Effects on Reactor Vessel Support Structures

A-18 Pipe Rupture Design Criteria

A-29 Nuclear Power Plant Design for the Reduction of
Yulnerability to Industrial Sabotage

C-11 Assessment of Failure and Reliability of Pumps and Valves

b-1 Advisability of a Sefsmic Scram==High Trip Level

1.A.2.6.(1-3,5) Long-Term Upgrading of Training and Qualifications
(Simulators)

I.A.2.6(4) Long=Term Upgrading of Trafning and Qualifications
(Simulators)

I1.A.2.6.(6) Long-Term Upgrading of Training and Qualifications (Nuclear
Power Fundamentals for Operator Training

1.A.3.3 Requirements or Operator Fitness

I1.A.3.4 Licensing of Additfonal CUperations Personnel

1.A.4.2 Long=Term Training Simulator Upgrade

1.B.1.1(5-7) Management for Operations: Organization and Management of
Long=-Term Improvements
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1.C.9
1.D.3
1.D.4
1.D.5(3-5)

I.F.2
11.B.5(1,2)/
11.8.8
11.D.2
11.E.2.2
I1.E.6
11.E.6

11.J.3.1/
11.J.3.2
I1.J.4.1
III.A.1.3

II1.A.3.4
I11.0.1.4

111.D.2.1
I11.D.2.2
I11.D.2.5
111.0.3.2

NUREG/CR-2800 (PNL-4297) - SUPPLEMENT 2 (CONTD)

Long-Term Program Plan for Upgrading Procedures
Safety System Status Monitoring
Control Room Design Standard

Control Room Design: Improved Control Room Instrumentation
Research

Detailed QA Criteria for Design., Construction and Operation
Research on Phenomena Associated with Core Degradation

and Fuel Melting: Behavior of Severely Damaged Fuel,
Behavior of Core Melt; Severely Damaged Core Rulemaking
Research on Relief and Safety Valve Test Requirements
Research on Small Break LOCAS and Anomalous Transients
In-Site Testing of Valves

Instrumentation and Controls: Classification of
Instrumentation, Control, and Electrical Equipment

Organization and Staffing to Oversee Design and
Construction

Issue Regulatory Guice

Revise Deficiency Reporting Requirements

Maintain Supplies of Thyroid Blocking Agent (Potassium
lodide)

Nuclear Data Link

Radwaste System Design Feature to Aic¢ in Accident Recovery
and Decontamination

Radiological Monitoring of Effluents
Radiofodine, Carbon=14, and Tritium Pathway Dose Analysis
Offsite Dose Calculation Manual

Worker Radiation Protection Improvement: Health Physics
Improvements

vii



EXECUTIVE SUMMARY

Human factors i{ssues have comprised a significant portion of ongoing
nuclear power plant safety research at the U.S. Nuclear Regulatory Commission
(NRC). Many of these issues were prioritized using methods described in
NUREG-0933 (NRC 1983) and NUREG/CR-2800 (Andrews 1983) during FY 1982 (FY82).
This document presents the results from two extensive efforts performed by the
Pacific Northwest Laboratory (PNL) in the human-factors area. The first report
that is presented cocuments the development of an alternative human factors
methodology. This effort was undertaken in response to concerns about the
methods and models used in FYB2. The second report documents the results of
calculations of the risk, dose and cost impacts of implementing Lhe elements of
the NRC's Human Factors Program Plan which supports prioritization of the

program plan.
ALTERNATIVE HUMAN FACTORS METHODOLOGY

The development of an alternative human factors methodology involved
investigation and documentation of four attributes of human factor analyses.
These four attributes were: (1) the general guidelines used in FY82 by the
individuals on the PNL decision making panel, (2) the impact of using alternate
representative olants, (3) human factors modeling related to maintenance and
plant availability, and (4) human factors data bases.

The first attribute was addressed by documenting the bases considered by
the PNL panel in generating estimates for quantifying impacts of human factors
issues. The bases or guidelines are grouped under the following four headings:
Plant-Related Guidelines, Human Error Assumptions, Independence, and Cost
Guidance.

The second attribute was investigated and documented by comparing Oconee
(PWR) results with Calvert C1i1ffs (PWR) and Grand Gulf (BWR) results, all based
on Reactor Safety Studies Methodology Applications Program (RSSMAP) information.
It was concluded that the Oconee results can be considered as representative of
all MRs for prioritization purposes. It was also concluded that more
representative BWR results can be obtained from actua)l BWR assessment results
rather than from raticed PWR results for maintenance affected parameters,

The third attribute of investigation involved development and documentation
of a new maintenance model and a plant availability model. The new maintenance
model involved a division of the maintenance outage into duration and frequency
terms. Each of these terms was further divided into human and design
contributions. Changes in the human contribution can result in changes in the
maintenance ocutage term. A plant availability model was developed that can be
used in calculating the economic benefit related to improved plant performance
and reduced downtime for human factors issues. This model used the new
maintenance model as a basis for correlating changes in maintenance outage
unavailability due to human performance to changes in plant availability.

The final attribute, human factors data bases, was investigated and
documented by examining information on available human factors data bases,
Additional human factors data do not appear to be readily available beyond those

ix



which are found in N'AEG/CR-1278 (Swain and Guttman 1980). Furthermore, the
data in NUREG/CR-1278 are not readily applicable to prioritization analyses
because of the level of cetail available from reactor studies used for the
analyses and because of manpower constraints.

One primary concern icentified from this effort is that a safety issue
resolution needs to be defined more carefully to acknowledge overleps with other
issues.

HUMAN FACTORS PROGRAM PLAN

The efforts made in support of prioritizing the NRC's Human Factors Frogram
Plan involved assessment of the first six of the following seven elements
jdentified in the July 1983 version of NUREG-0985 (NRC 1983):

1) Staffing and Qualification
2) Training

3) Licensing Examinations

4) Procedures

5) Management and Organization
6) Man-Machine Interface

7) Human Relfability

The Human Reliability Data element was considered a licensing fssue, to be
worked on regardless of safety priority, and thus was not assessed with the
other six plan elements. An important guiceline that was established by the NRC
staff was that the plan elements were to be evaluated without considering the
contritution or effect of maintenance. The maintenance issue has been assessed
as a separate issue and involved more than just human factor related aspects.

Industry total public risk reductions for implementing the whole HFPP
totaled 2.0E+05 man-rem. Elements that exceed 50,000 man-rem include Management

and Organization and Training. A1l of the remaining elwments exceeded 5000
man-rem per element.

Costs for implementing the whole HFPP are expected to total $7400M over the
remaining 1ives of 134 plants. Costs for individual e ements range from $660M
to $2700M. Issues costing less than $1000M include Management and Organization,
Man-Machine Interface, and Licensing Examinations. Possible cost savings were
not inc'uded in these totals.

A ranking of the HFPP elements based on total public risk reductions
indicates that the top two items are Management and Organizatfon and Training.
The bottom two items are Staffing and Qualifications and Licensing Examination.
There is roughly a tie for the middle two {tems (Procedures, Man-Machine
Interface). On an absolute scale as defined in NUREG 0933, the HFPP ranks as a
high priority issue based on total risk reduction. On an incremental element
basis, Management and Organization and Training would be rankec as high priority
elements, with the remaining elements ranked in the low and medium categories.

If cost savings estimated for improvements to plant availability are
included in the cost estimates for the HFPP, net cost savings for the entire
program would result. However, these estimates are speculative and not easfly
attributed to specific HFPP elements. For the purposes of this analysis, 1t was
concluded that these cost savings should be considered to the extent that they
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provide incentive to improve overall human performance. To obtain the benefits,
specific activities need to be defined under each of the HFPP elements with the
objective being to improve availability. The element descriptions used for this
analysis do not reflect this objective.

In summary, the HFPP has significant risk importance but could incur
substantial costs during implementation. By considering overlaps in both the
costs and benefits of the individual elements, significant economies of effort
could be achieved in both the Industry and NRC costs without foregoing all of
the available risk reduction.
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INTRODUCTION

This supplement documents both an alternative method developed by and a
prioritization performed by the Pacific Northwest Laboratory (PNL) to provide
the NRC Office of Nuclear Reactor Regulation (NRR) with information to use in
prioritizing new safety issues related to nuclear power plants. Although the
alternative method is not currently being used in the development of
prioritization information, it is intended that this method may be utilfzed as
an alternative approach in specific future cases in which the methods identified
fn the initial NUREG/CR-2800 report are deemed inadequate to adequately assess
the proper impact for resolution of these new safety issues. The development of
this alternative method and performance of this prioritization represents a
significant effort by research staff at PNL.

The NRC objective in establishing priorities for safety issues is to use
NRC and industry resources to produce the greatest safety benefits at a
reasonable cost. Numerous subjective judgments are required to properly
implement the management plan required to meet this objective. For this reason,
Tt was decided to develop as many pieces of information germane to the safety
benefits and costs of each issue as coulc be completed during several man-weeks.
This approach will allow NRC to consider current and future prioritization
criteria,

It is felt that the approach used for issue analysis srovicdes adequate
information to the NRC for their use in prioritizing issues. It may not be
adequate for making decisfons or taking regulatory action for specific issues;
however, this level of analysis can provide useful perspeciive in quiding fuiture
work.

It 1s recognized that major simplifications have been required to produce
an approach that can be implemented with the level-of-effort required for the
prioritization process. For example, a major simpiification that 1s often
employed is the use of risk estimates for one PWR and one BWR to represent the
risks from all current and future plants. Risks for any particular plant could
vary significantly from those of the representative plants; although, they are
believed to reasonably represent the industry as a whole.

Other major simplifications include the use of only dominant accident
sequences. These sequences typically contribute approximately 90 percent of the
total plant risk or core-melt frequency. Also, the risk equations used - ihis
study do not model a1l fssues directly. Modifications of original equat ..s are
developed on a case-by-case basis to accommodate issue-specific informatt =,
Finally, issues treated using this method are assumed to be independent. 'When
an inftial ranking has been completed, additional analyses can be performed to
identify interdependences.
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SUMMARY AND CONCLUSIONS

Human factors issues have comprised a significant portion of ongoing
nuclear power plant satety research at the U.S. Nuclear Regulatory Commission
(NRC). These issues were prioritized using methods described in NUREG-0933 (NRC
1983) and NUREG/CR-2800 (Andrews 1983) during fiscal year 1982 (FY82).
Quantification of safety benefits of human factors issues was based primarily on
expert judgment; whereas, such judgment was only one aspect used in quantifying
other safety issues. In response to concerns about the methods and models used
in FY82, four attritutes of the human factors analyses were investigated and
documented further. These four attributes were: (1) the general guicelines used
by indivicuals on the Pacific iorthwest Laboratory (PNL) decision-making panel,
(2) the impact of using alternative representative plants, (3) human factors
modeling related to maintenance and plant availability, and (4) nhuman factors
data bases.

The first attritute was acddressed by documenting the bases considerec by
the PNL panel in generating estimates for quantifying impacts of humar~factors
issues. The bases or guidelines are grouped under four headings: Plant-Related
Guicel ines, Human Error Assumpticns, Independence, and Cost Guidance.

The second attribute was investigated and documented by comparing Oconee
(PWR) results with Calvert Cliffs (PWR) and Grand Gulf (BWR) results, all based
on the Reactor Safety Study Methodology Applicaticns Program (RSSMAP) . A
comparicon between the use of Uconee versus Calvert Cliffs as a representative
plant shows reasor»ble correlaticn. The difference in percentage changes
between the Oconee and Calvert Cliffs core-melt frequency and public risk
reductions is at most 6 percent. It was concluded that tie Oconee results can
be considered as representative of &11 PWRs for prioritization purposes. BWR
results obtained directly trom Grand Gulf parametcrs were comgared to previous
BWR results obtained from raticing Oconee results. This comparison indicates
that more representative BWR results can be obtained from actual EWR assessment
results rather than from raticed PWR results for maintenance affected
parameters. The difference in percentage changes between the Oconee raticed and
Grand Gulf actua) results is at least 17 percent and at most 62 percent.

The third attribute of investigation involved develcpment and documentation
of & new maintenance mode! and a plant availability model. A more accurate
maintenance model was developed, but its use in reassessing FY82 maintenance
{ssues is not expected to significantly change the issue results. This
maintenance model involved a division of the maintenance outage into guretion
ang frequency terms. Each of these terms was further diviced into human and
design contritutions. Changes in the human contrituticn can result in chianges
in the maintenance outage term. A plant availability mode] was developed that
can be used for calculating the economic benefit related to improved plant
performance and reduced downtime for human factors issues. This model used the
new maintenance model as a basis for correlating changes fin mairtenance outage
unavailability caused by human performance to changes in plant availability.

The final attribute, human factors data bases, was investigated and

documented by examining informaticn on available human factors data bases.
Additional human factors data do not appear to be readily available beyond those
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1.0 INTRODUCTION

The Prioritization of Safety Issues (PSI) project is being conducted by the
Pacific Northwest Laboratory (PNL) for the Safety Program Evaluation Branch
(SPEB) of NRC. The goal of this project is to provide risk and cost information
to support NRC priority decisions on research and development for safety issues.
During FY82, a rumber of human factors related reactor safety issues were
analyzed as part of the PSI project. The following issues were analyzed:

e I.A.2.2, Training and Qualifications of Operating Personnel
e I.A.2.6(1,2,3,5), Long-Term Upgrading of Training and Qualifications

e I.A.2.6(4), Long-Term Upgrading of Training and Qualifications
(Operator Workshops)

e I.A.2.7, Accreditation of Training Institutions

e I1.A.3.3, Requirements for Operator Fitness

e I.A.3.4, Licensing of Adaditional Operations Personnel

e I.A.4.2, Long-Term Training Simulator Upgrade

e I.C.9, Long-Term Program for Upgrading of Procedures

e I.0.3, Safety System Status Monitoring

e I1.D.4, Contrcl Room Design Standard

e 1.0.5(3,4,5), Improved Control Room Instrumentation Research

Because of time and funding limitations and the relative lack of specific
and applicable data. these human factors issues were largely assessed by a panel
of PNL experts using an informal Celphi technique. Estimates of reduction in
human error were introduced into the dominant accident sequences of the Oconee
Reactor Safety Study Methodeclogy Aoplications Program (RSSMAP) study (Kolb et
al. 1981) to calculate the risk recuction.

While this assessment technique was the best method available within the
limitations of the FY82 effort, four areas of concern were fdentified. First,
because the method employed indivicual judgments, substantial variability could
occur if a different panel were used to assess future human factors issues.
Second, the Oconee RSSMAP acssessment was assumed to have generic applicability.
Third, the human factors mode) itself was simplified. Finally, the need to
determine the availability of human factors data was identified.

This study was performed to address those four areas. The concern about
the possible varfability of a panel's judgments is addressed by documenting the
bases of the PNL panel's decisions. These bases are listed and explained in
Section 2.0 for use on future issue analyses and reviews. Appendix B presents
& 1ist of the names of the PNL panel. The concerr about the generic
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applicability of the Oconee RSSMAP assessment was examined by comparing the
Oconee RSSMAP results with two other reactor RSSMAP results. These comparisons
are discussed in Section 3.0. Appendix A provices the risk parameters for
Calvert Cliffs #2 (PWR). The human factors mode]l was enhanced with an improved
maintenance model and a plant availability model. The maintenance model and
plent availability model are explained in Section 4.0. The avaflability of
human factors data was investigated, and a discussion of human factors data
bases is presented in Secticn 5.0.
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2.0 BASES FOR PANEL DECISIONS ON HUMAN FACTORS 1SSUES

A number of the safety issues examined by PNL as part of the PSI project
were related to human factors. Because of time, funding and data limitations,

these human factors issues were largely assessed by a panel of PNL experts using
an informal Celphi technique. The panel consisted of four staff members, whose

names are given in Appendix B. Also included in Appendix B are the names of
those PNL risk analysis staff members who implemented the panel results to
calculate risk reductions. In order to assist others who woulc seek to either
carry on the assessment of human factors related jssues or better understand the
issues assessed by PNL, a set of interim assessment guicelines has been
developed. These guidelines are intended to show some of the basic assumptions
of the PNL panel and to provice bounds and general assistance in the treatment
of human factors issues. If future analysts have access to better informaticn,
these bases can be easily modified.

A number of issues falling under the heading of "human factors" involve
the collecticn of cata. While these activities have value, they have no direct
satety benefit. It would be inappropriate to compare them directly with other
safety fssues that woulc have a more immediate safety benefit. Therefore, such
data-gathering tasks have been excluded from the PSI project with the rationale
that no safety benefit is incurred ir data collection. Issues that were
excludea for this reason involve the following:

e I.E.3, Analysis and Disseminaticn of Uperator Experience (Operator
Safety Data Analysis)

e I.E.6, Analysis and Dissemination of Uperator Experience (Reporting
Requirements)

e I1.E.7, Analysis and Disseminaticn of Uperator Experience (Fereign
Scurces)

e I1.E.8, PAnalysis and Dissemination of Uperator Experience (Human Error
Rate Analysis)

Only as the information is used is the benefit realized. If the potential use
of the data can be associated with another issue, then reference should be made
to the data-collection issue. Potential use of the cata shoulc be considered in
the evaluation of the human factors risk reduction in the issue where the data
will actually be used.

The PNL panel's assessment guidelines are listed and discussed in the
fellowing subsecticns. These guicelines are grouped under four headings:
Plant-Related Gui-elines, Human Error Assumptiocns, Independence, and Cost
Guidance. Plant-Related Guidelines extend to two areas: status of existing
nuclear power plants and plants that are applicatle. The Human Error
Assumptions concern four areas: affected staff, maintenance treatment,
limitation on human error reduction, and complexity of control rooms.
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2.1 PLANT-RELATED GUIDELINES

In general, the human factors operaticnal capability at nuclear power
plants is good. Based on the NRC's Systematic Assessment of Licensee
Performance (SALP) reports, there is a distinct variation among facilities'
management programs from a safety standpoint. Some have outstanding programs,
some nhave average programs, and some have programs that are below average. This
does not imply inadequate plant safety. Rather, it reflects the high standards
that are applied to nuclear power plant safety. While the performance of
éverage ang even below-average facilities may be acceptable, it may be desirable
to bring their performance up to the level of the outstanding facflities.

In general, the FYB2 safety issue assessments dic not explicitly account
for variations in different facility performance. Rather, estimates for human
error rate recuction or cost impact were intended to be representative of the
entire industry. In these generic estimates, the indivicual facility variations
were intuitively balanced. There were two exceptions to this general practice.
For Issue 1.A.2.2, Training and Qualifications, which was an example given in
NUREG/CR-2800 (Andrews et al. 1983), plants were explicitly diviced into three
categories. Each category was independently assessed and a mathematica) average
calculated. For Issue 1.A.2.7, Accreditation of Training Institutions, a number
of plants were considered exempt because their training practice woula be
éxpected to closely approach or meet accreditation standards.

It was generally assumed that human factors issues would affect all
plants, including both those currently operating and those planned. The only
exceptions were cases where the issue resolution specifically excluded a class
or classes of plants, or where the resolution was currently being effectively
implemented for a class or classes of plants.

2.2 HUMAN ERROR ASSUMPTIONS

Issues involving human factors can affect any and all memters of the
operating staff, including managers, engineers, operators, technicians, and
maintenance personnel. However, the Oconee RSSMAP study has no terms that
directly treat any operational staff except operators. Since the Oconee RSSMAP
Study was, for the most part, the risk estimation model, operator error rates
had to pe the principal avenue for estimating human factors risk reduction.
Therefore, for issues that affected personnel cther than operators and/or
maintenance staff, the etfect on plent safety was represented by including
affected personne) estimated error reduction in the representative operator
and/or maintenance staff error reduction. For example, licensing non-cperator
operating personnel was assumed to have both direct and fndirect effects on
Operators. Licensing of managers and engineers was assumed to result in better
performance of thefr jobs. This would enhance plant safety by also helping
Operators perform their tunctions better. The effect on plant safety was
estimated as a change in operator and/or maintenance staff error rate.

The Oconee RSSMAP allows an fndirect treztment of maintenance errors,

Estimates of component unavailability in the Oconee RSSMAP included downtime due
to maintenance. The PNL panel was aware that maintenance outages consist of
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human- and non-human-related factors contributing to downtime. But a

conservative, simplistic approach was taken by applying the fracticnal
improvement estimated for maintenance staff performance to the entire
maintenance outage term. Due to the limitations of the FYB2 effort, this was
the best treatment available. Efforts to improve the treatment of maintenance
errors are discussed in Section 4.0.

Intuitively, there is a 1imit to human error rate reduction. Perfection
is not a numan characteristic. A bound on the limiting reduction can be useful
in estimating the effects of a single safety issue or any number of fssues in
combination. The PNL panel was asked to develop an estimate of the limiting
value ot the total human error reduction for any issue. The consensus was a
value on the order of 50 percent; i.e., the current error rate coula potentially
be halved. Reductions beyond this were judged unlikely. It is quite important
to emphasize that the 50 percent value is a subjective judgment. Stating the
value does, however, demonstrate the range of improvements that the panel felt
were reasonably achfevable.

It is widely felt that nuclear power plant control rooms are very complex
and not optimally designed from a human factors viewpoint. The PNL panel
éssumec that the addition of any new control room equipment without a concurrent
control room redesign woulc have limited value. The potential btenefit of new
equipment would tenc to be canceiled by fts addition to the complexity of the
control room. For example, evaluation of Issue 1.D.3, Safety System Status
Monitoring, resulted in an estimatod reduction in human error of 2 percent,
which was dependent on an assumec concurrent control room redesign (Issue
I.0.1).

The area of aiagnostics is closely related to the complexity of control
rooms. A procedural, training, or hardware change that would provice operators
with enhancec diagriostic capabilities was given extra consideration when human
error recuctions were estimated. While a hardware change that enhances
c¢iagnostic capabilities coulc be ccnsidered as adding new equigment in the
control room, thus requiring contrcl room redesign to be most effective, this
enhancement was assumed to result in an independent human error recuction.
Diagnostic equipment was viewed as becoming a primary source of cperator
intormation rather than just more monitorirg equipment. For example, in Issue
1.D.5(3,4,5), Improved Control Room Instrumentaticn Research, part of the
resolution was to add an advanced diagnostic system such as the Safety Parameter
Display System (SPDS). It was recognized that the effectiveness of the advanced
diagnostic system in aiding control room operators woulc be greater if
implemented with a complete control room redesign. However, while the
resolution dic not irvolve contrcl room redesign, it still was assumed to result
in an estimated human errcr reduction of 2 percent.

2.3 INDEPENDENCE

Most safety issues assessed by PNL cduring FYB2 were assumed to be
independent of other icsue resolutions. Each issue was examined with the
question, "What effects will the resolution of this single issue have, based
upon the current, relevant conditions?" Many improvements have been made in the
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human factors area since the develcpment of the Three-Mile Island (TMI) Action
Plan. The PNL pauel telt that, in some cases, the improvements mitigated the
need for the regulatory change indicated by a safety issue. Clearly the
assessment of each new safety issue must independently consicer this mitigating
effect, but its overall importance shoulc be noted. The benefit to be derived
from a safety fssue resolution shoulc be fts change from the current conditions.
The interplay and overlap of cther issues, whether related to human or other
factors, were generally not consicered. In some instances, overlips were
jcentified, but they dic not enter intc the numerical estimates and thus
contributed tc double counting of the benefits and costs for some issues.

If an accounting of intercependence is to be required in future analyses,
several approaches are possible. First, with a known group of human-factors
issues, the interdependence of the issue resolutions coulc be evaluated. Given
cne or more projectec sequences for implementation of resolutions to selected
human-factors issues, the PNL expert panel coula estimate the incremental
benefit (in terms of human error rate reductions) attainable for each
resolution. The panel woulc assume some maximum overall benefit attainable by
implementation of 211 selected issue resolutions. Each projected implementation
sequence wculc then be limited to this maximum. Second, a simpler (and perhaps
less accurate) technique woulc employ Boolean or logic as a mathematical tool to
adjust for double counting from issues with overlapping resolutions. Again,
some maximum overall benefit woulc be assumed. The percent recuctions in human
error rates coulc then be combined as a Boolean or equation to calculate the
total reduction. For example, assume that the human error rate recuctions
associated with issues A and B are 20 percent and 30 percent, respectively, of
the attainable overall maximum. The total reduction from both woula become

0.20 + 0.30 - (0.20)(0.30) = 0.44,

or 44 percent of the maximum using the Boolean "or" combination. If the total
maximum reduction attainable was 50 percent, then these twoc issues woulc result
in 0.44(0.50) = 0.22, or 22 percent, reduction in the human error rate, The use
of the Boolean “or" combinaticnal technique ensures that, no matter how many
issues are credited, the total reduction is limited to the maximum attainable.
In each of these techniques, care must be taken to ensure that variaticns in the
affectec risk equation parameters and affected plants from issue to issue are
accounted for consistently.

2.4 CO3T GUIDANCE

Development of cost estimates requires familiarity with the specific
programs. Therefore, it is difficult to provice generic guicance. A few
observations can be made, however. First, NRC costs for developmeni and
implementation vary wicely for human factors fscues. However, for many human
factors issues, the NRC operational cost is estimated to be relatively small.
For these 1ssues, the NRC operational effort consists only of the Office of
Inspection and Enforcement review to ensure that the training programs,
procedures, or other changes are in effect. It is estimated that only a few
person-weeks per plant-year (py) are required.

Human factors issues do not generally require significant investments in
hardware. One major exception is the purchase of plant-specific simulators at
an industry cost of $1 billion, as consicered in Issue 1.A.4.2, Long-Term
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Training Simulator Upgrade. Many other resolutions of human factors issues are
manpower intensive. At the assumed $2270 per person-week, such labor-intensive
programs can quickly become expensive. For example, Issues 1.A.3.3,
Requirements for Operator Fitness, and 1.A.2.6(1,2,3,5), Long-Term Upgrading of
Training and Qualification, invelve industry costs of $1.2 billion and $2.1
billion, respectively. Over 70 percent of these industry costs are labor costs.

Cost estimates for the FY82 issues did not involve detailed job-task
analysis to establish incremental staffing levels. However, estimates of
additional staffing for issue resolutions were generally made on a conservative
basis. Most issues d¢ia not include any costs related to plant availability.
except tor lssue 1.D.5(3,4,5), Improvec Control Room Instrumentation Research.
This tssue included cost savings resulting from reduced unschedulea outages,
which were, in turn, related to recuced transient shutdowns.



3.0 COMPARISONS OF ADDITIONAL PROBABILISTIC RISK ASSESSMENTS (PRAs)

Ouring the FYB2Z effort on the PSI project, a number of human-factors
relatec issues dealing with maintenance outage and operator error were analyzed.
Due to the time and funding limitations, one nuclear plant (Oconee 3 PWR) was
chosen as the representative light water reactor for most issues. The Oconee
RSSMAP assessment (Kolb et al. 1981) was the basis for the FY82 analyses.
Reductions in maintenance outage unavailability or operator error probability
were estimated and then propagated through the Oconee RSSMAP dominant accident
sequences to develop an estimation of risk reducticn. For most issues where
risk reductions were to be applied to BWRs, the results of the Oconee (PWR)
analysis were raticed by divicing the Grand Gulf 1 (BWR) total public risk by
the Uconee total public risk.

The questions of the generic applicability of the Oconee 3 RSSMAP study
and whether ratioing the PWR risk reductfon results reasonably represents BWR
results are examined in this secticn. The analysis was done by examining two
other RSSMAP PRAs. The Calvert C1iffs RSSMAP study (Hatch et al. 1982) was
examined as a comparison of PWR results. The Grand Gulf RSSMAP study (Hatch et
al. 138l) was selected for comparing ratio-derived BWR results with actua)l
EWR-assessed results. The following sections present the results of the
considerations of these two nuclear plants (Calvert Cliffs and Grand Gulf) as
reiated to maintenance outage, Section 3.1, and operator error, Section 3.2,

3.1 MAINTENANCE QUTAGE

"Maintenance outage," as defined for the FY82 analyses, is the
unavailability of a component due to maintenance operations while the reactor is
at power. For purposes of analysis, the maintenance outage was assumed to
consist of unavoidable downtime due to component cooldown and repair procedures
and avoidable downtime due to fnefficiencies and/or errors attributable to the
maintenance staff. However, when postulating the effects of issue resclutions
upon maintenance outages, the PNL panel estimates of the reduction in human
error were conservatively applied to the entire maintenance outage. This same
approach was followed in analyzing the Calvert Cliffs and Grand Guif reactors.
The results of the maintenance outage reduction analyses for Calvert Cliffs and
Grand Gulf are summarized n Table 3.1 and shown graphically in Figures 3.1 and
3.2.

Table 3.1 shows the changes in core-melt frequency and public risk
resulting from three different percentage reductions (10%, 30%, SO0%) in
unavailability due to maintenance outages. These reductions are sensitivity
case examples. The change is expressed as an absolute (per py, core-melt
frequency cr man-rem/py, public risk) or percentage change from the base case.
The base-case core-melt frequency and base-case public risk are given for each
of the three reactors considered (Oconee-BiW PWR; Calvert Cliffs-CE PWR; Grand
Gulf-GE BWR). The absolute changes in core-melt frequency and public risk are
shown as a basis for the calculation of the percentage change in base-case
numbers. The base-case and absolute changes in core-melt frequency and public
risk for the three reactors show 1ittle correlation. The percentage changes in
core-melt frequency and public risk were used as a normalized basis for
comparison.
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IABLE 3.1 Change in Core-Melt Frequency and Public Risk Due to Reduction
in Maintenance Outage (MO)

Change in Core-Melt Frequency

Base Case for Given MO Reduction
Core-Melt 10% 30% 50% 10% 30% 50%
Reactor frequency per py _Frequency Change per py % Change of Base Case
Oconee 8.2E-05 3.86-06 1.1E-05 1.6E-05 4.6 13 20
Calvert 2.0E-03 1.26-05 1.6E-04 3.E-04 0.60 8.0 15
Cliffs
Grand 3.7E=05 4,.06-06 1.2E-05 1.7E-05 11 32 46
Gulf
Base Case Change in Public Risk for Given MO Reductjon
Public Risk, 10% 30% 50% 10% 30% 50%
Reactor _man-rem/py _Public Risk Change. man-rem/py & Change of Base
Case
Oconee 2.1E+02 9.7 2.6E+01 3.,9E+01 4.6 12 19
Calvert 7.6E+03 4.3E+01 5.8E+02 1.1E+03 0.57 7.6 14
Cliffs
Grand 2.5€+02 2.7E+01 8.0E+01 1.2E+02 11 32 48
Gulf
80
0O Oconee
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EIGURE 3.1 Percentage Change in Core Melt Frequency with
Reduction in Maintenance Outage (MO)
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FIGURE 3.2 Percentage Change in Public Risk with
Reduction in Maintenance Outage (MO)

Since representative dose factors from NUREG/CR-2800 (Andrews et al. 1983)
were used, the percentage changes in base-case core-melt frequency and base-case
public risk show close correlation--within 1 percent. The percentage changes in
base-case core-melt frequency and public risk between Oconee and Calvert Cliffs
vary with the percentage change in maintenance outage. Oconee shows & larger
percentage change than Calvert Cliffe for a 10 percent recuction in maintenance
outage, & slightly lower percentage change for a 30 percent reduction, and a
lesser change (roughly 0.6 times that of Calvert Cliffs) for a 50 percent
reduction. Overall the difference between the Oconee and Calvert Cliffs results
is at most 5 percent. This indicates that either PWR would have given
approximately the same relative measure of change in core-melt frequency cor
public risk if u- 'd consistently for a number of issues. .

For Grand Gulf (BWR), the percentage change in core-melt frequency and
public risk from the base case is roughly seven times that of Uconee (PWR).
Overall the difference between the Oconee and Grand Gulf results is at least 6
percent and at most 62 percent. Maintenance would appear to be more important
in BWRs than PWRs, although additional PRAs shoula be evaluated before drawing a
definite conclusion. A1l of the human factors issues analyzed in NUREG-0933
(NRC 1983) were evaluated, and no changes in priority ranking resulted from
using the actual Grand Gulf maintenance results. The numerical cifference in
public risk reduction between the ratioed PWR technique and the application of
the actual Grand Gulf results is illustrated in an example at the end of Section
3.2.

3.2 QPERATOR ERROR

"Operator error" is defined in this report as an error made by the
operations personnel curing all operations not designated as maintenance or
testing. These operator errors may occur inside or outside the control room.
The results of the analyses for Calvert Cliffs and Grand Gulf relative to
operator error reduction are summarized in Table 3.2 and shown graphically in
Figures 3.3 and 3.4,
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JABLE 3.2 Changes in Core-Melt Frequency and Public Risk Due to Reduction
in Operator Error (OE)

Base-Case Change 1in Core-Melt Frequen< « for Given QF Reduction

Core-Melt 10% 30% 50% 10% 30% 50%
Reactor Freguency per py _Frequency Change per py % Change of Base Case
Oconee 8.2E-05 3.7E-06 1.1F-05 1.9E-05 4.5 13 23
Calvert 2.0E-03 6.1E-05 1.8E-04 3.6E-04 3.1 9.0 18
Cliffs
Grand 3.7E-05 2.7€-06 4.0E-06 5.BE-06 73 11 16
Gulf
Base-Case cnwuimmmnmnm_
Public Risk, 10% 30% 10% 50%
Reactor _man-rem/py _EuhLn;J1nﬂgiuuuuuu_JmuLJznuuuL__. Z_Ehnngn_aLjhuuLﬂnss
Oconee 2.16402 9.1 2.8E+01  4.7E+01 4.3 13 22
Calvert 7.6E+03 2.3E+02 6.8E402 1.3E403 3.0 8.9 17
Cliffs
Grand 2.5E+02 1.9E+01 2.7E+01 3.9E+01 7.6 11 16
Gulf
30
% O Oconee
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EIGURE 3.3 Percentage Change in Core-Melt Frequency with
Reduction in Operator Error (OE)
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EIGURE 3.4 Percentage Change in Public Risk with
Reduction in Operator Error (OE)

Table 3.2 shows the changes in core-melt frequency and public risk
resulting from three diff rent percentage reductions (10%, 30%, 50%) in operator
error probabilities. These recductions are sensitivity case examples. Similar
to the comparison for maintenance outage, the change in core-melt frequency and
public risk is expressed either as an absolute change (per py, core-melt
frequency or man-rem/py, public risk) or as a percentage change from the base
case. The base-case core-melt frequency and base-case public risk are given for
each of the three reactors considered (Oconee-BaW PWR; Calvert Cliffs-CE PWR;
Grand Gulf-GE BWR). The absolute changes in core-melt frequency and public risk
are shown as a basis for the calculation of the percentage change in base-case
numbers. The base-case and absolute changes in core-melt frequency and public
risk for the three reactors show little correlation. The percentage changes in
core-melt frequency and public risk werc used as a normalized basis for

comparison.

Since representative dose f>ctors from NUREG/CR-2800 (Andrews et al. 1983)
were used, the percentage changes in u.se-case core-melt frequency and base-case
public risk show close correlation--within 1 percent. The percentage change of
base~-case core-melt frequency or public risk for Calvert Cliffs 1s within 20 to
40 percent of that for Oconee. Overall the difference between the Oconee and
Calvert Cliffs results is at most 6 percent. Therefore, either PWR would have
given approximately the same reletive measure of change in core-melt frequency
or publfc risk if used consistently for a number of issues.

For comparison between Oconee (PWR) and Grand Gulf (BWR), the percentage

change of base-case core-melt frequency or public risk for Grand Gulf is found
to lie within + 25% to 65% of Oconee. Grand Gulf shows a larger percentage
change of base-case than Oconee at 10 percent operator error reduction and a
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smaller percentage change at 50 percent reduction. Overall, the difference
between the Oconee and Grand Gulf results is at most 8 percent. The
operator-only human factors issues [1.A.3.3; 1.D.3; 1.A.2.6(4); 1.A.2.7;
1.A.4.2; 1.A.2.6(1,2,3,5)] were evaluated, and no changes in priority ranking
resulted from using the actua) Grand Gulf operator results. Issue 1.C.9,
involving both operator and maintenance parameters, was evaluated to illustrate
the numerical difference in public risk reduction between the ratioced PWR
technique and application of the actual Grand Gulf results. With the ratioed
PWR technique, the public risk reduction for 1.C.9 is 2.1E+05 man-rem, and with
the actual Grand Gulf results, an upper-bound reduction is 3.0E+05 man-rem.

3.3 RECOMMENDATIONS

PNL recommends that for future issues involving maintenance outage or
operator error reductions Oconee calculations shoulc be used for PWR results and
Grand Gulf calculations shoulc be used for BWR results. References can be made
to Figures 3.1 through 3.4 for preliminary estimates of percentage changes in
base-case core-melt frequency or public risk.
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4.0 MAINTENANCE AND AVALLABILITY MODELS

In the analysis of safety issues performed by PNL for the NRC
(NUREG/CR-2800) (Andrews et al. 1983), it has been assumed that a reduction in
error rates for plant operators cr improved performance during maintenance
outages can lower the occurrence rate of accidents leading to core melt.
Variables associated with these two factors in representative plant risk
equations were identified and estimated changes made, depending on the specific
safety issue being examined and its proposed resolution.

Two general areas were fcentified where potential improvements to that
analysis could be made. The first concerned a better understanding of what
constitutec the "maintenance outage" term. The second dealt with the goal to
quantify the economic benefits of increased plant availability associated with
reduced human error. A potential approach to quantifying these parameters more
effectively is presented ir this section. As of this report, these approaches
have not been used to reassess previously analyzed human factors issues.

4.1 MAINTENANCE OQUTAGE

The purpose of this task is to further quantify the factors which
constitute the meintenance outage term. The specific goal is to quantify that
portion of the term directly related to human performance.

The risk equations for the Oconee PWR (Kolb et al. 1981) and the Grand Gulf
BWR (Hatch et al. 1981) used essentially the same assumptions and data as the
original Reactor Safety Study (WASH-14G0)(NRC 1975). Plant-specific information
on maintenance fregquency and Jduration was used when available.

Maintenance outage terms as used in the risk equations were originally
defined in Section 5 of Appendix III of WASH-1400. It was noted that certain
testing and maintenance acts cause the effective removal cof a component from a
system, rendering it unavailable for some period of time. This unavailability
is then a function of the duration of time required for the act of maintenance
or testing, and the frequency of the act. Unavailability can be expressed as

Q = [f(avg acts/month) x t(avg hrs/act)]/720 hrs/month

where q is the expression of unavailability, f is the frequency and t is the
guration time (downtime) for the repair.

Four major classes of components were consicered in WASH-1400: pumps.,
valves, diesels, and instruments. It was recognized that the testing frequency
woula vary for components, ranging from every month for safety-related equipment
to yearly for other components. A lognormal cistribution was assumed, giving a
mean interval of 4.6 months between test or outage, or a frequency of 0.22
outages per month.
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An examinatfon of the data indicated that the outage duration for
components also fit the lognormal cistribution assumption. The mean duration
times for outages by equipment class are shown in Table 4.1, along with the
calculated unavailabilities.

JABLE 4.1. Component Unavailabilities from WASH-1400

Component  Unavailability  OQutage Frequency (per/mo)  Act Duration (hr)

Pumps (24 hr) 2E-03 0.22 7
Pumps (72 hr) 6E-03 0.22 19
Valves 2E-03 0.22 7
Diesels 6E-03 0.22 21
Instruments 2E-03 0.22 6

It was pointed out that the plants' technical specifications in many cases
restrict the time during which a component can be down for maintenance while the
plant remains 1. operation. Certain pumps are limited to 24 hr, while others
have a 72-hr repair period. A maximum bound can then be defined for the
unavailability, since plant shutcown or placement in hot shutdown may be
required beyond that point.

4.1.1 Constituents of Maintenance Qutage

The question remains as to what factors contribute to the frequency and
duration of maintenance outages. WASH-1400 mentions several factors, including
the component involved, the complexity of the maintenance, the magnitude of the
repair, and contingencies which arise. However, these factors are not
quantified in WASH-1400. Note that some of these factors will be more clesely
related to equipment design. The scope of this study was to include only those
factors of human performance or human interface in the maintenance operation
which woulc be subject to improvement. The optimization of equipment design and
the work environment for maintenance is an obvious program objective in many
safety issues related to maintenance upgrade, but design modifications were
specifically deletec here as being cutside the scope of this study.

To see how the subject of human performance fits with other factors in this
area, a current summary of ongoing research related to nuclear plant maintenance
fs given in Table 4.2 (Badalamente et al. 1982). Of the areas listed in Table
4.2, all deal with human performance to some degree, with tae exception of
Design for Maintainability and Inventory Control. Preventive Maintenance has
some performance review associated with it, but it is also primarily machine
orifentec. To further {llustrate design features desirable from a human
engineering standpoint which are outside the scope of this issue, a summary of
those attributes most often cited by maintenance personnel is given in Table 4.3
(Seminara et al. 1980). The Seminara EPRI study, entitled A Human Factors

was an extensive review of difficulties
found in operating power plants. (Note that Table 4.2 does include good manuals
for procedures and instructions, which would be considered here to be
human-performance related.) However, the conclusions and recommendations from
the study are qualitative in nature, and no attempt was made to estimate the
potential for improving performance in any of these areas.
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TABLE 4.2. Summary of Approach to Improving NPP Maintenance

MAINTENANCE_ IMPROVEMENT OBJECTIVES

Design for Maintainsbility

4.

Ma

Techaical Tnformat ion

b.

Avsure desigu-induced errov s
minimized by app!ication ot
human engineer ing design
principles

Assure maintenance tacilities
are suitable

intenance Procedures and

Assure use of maintenance
procedures by all maintenance

specialties; and require appli-

cation of human factors prin-
ciples to preparation of pro-
cedures

Assure availability of adequate

vendor technical information

Assure maintenance procedures,
vendor manuals, and reference

S bt = Improvement Guide )

IMPROVEMENT STRATEGIES PRIORITY ELEMENT* OTHER INVOLVEMENT

o Dewedop o o o ehwory - L MM o LPHT (Marntginabinlity
swive NN -MUG

o Uevelop an inter | MM | o LFRT {Anthropometr i
retrafit MOG Data Base)

o Amend TOCERSY, App. ARS ) MM o EPR] (Cool Suits)

o brxpand Reg, Guide 1.70.86 la MM|

o Hevise Req. Guide .64 la MM
{(Deve lop new ANGL/ASME Std )

o bvaluste maincainabii ity la MM
tssue under TAP Jtem [V f

o Uevelop comprehensive la. Lo
Reg. Guide on Maintenance

o Develop anthiropometric la MM
data base
Develop Mgintenance Pro- i PT o EPRI (JPA Study)
cedures Guide lines o INVO (Procedures Study)
Examine JPAy Pl o INPO (Writer's Guide)
Eapand SRP to address la P
vendor documeént at von
Increase I8E emphasis on ! PT

materials are technically accurate

and up-to-date

procedures
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MAINTENANCE ITMPROVEMENT OBJECTIVES

Selection and Training of
Maintenance Personne!

Assure maintenance personnel
are adequateiy Guaiified to
perform maintenance tasks
reliably; minimiZzing errors
which may degrace public health
and safety

Staffing

Assure maintenance and Main-
tenance engineer ing/technical
support functions are staffed
with sufficient numbers of
qualified people to accomplish
required maintenance tasks sately

Prevent ive Maintenance

Assure realization of inherent
safety and relrabiinty levels
of all safety-related equipment
and restoration of safety

and reliability when deteriora-
tion has oclurred, by re-
quiring and promoting adequate
preventive maintenance programs/
practices

Maintenance Control

Assure maintenance 15 conducted
in a way which minimizes prob-
ability of error due to inade.
quate )job planning informaton
and/or insufficient provisions
for work authorizatiron and
control

TABLE 4.2. (contd)

IMPROVEMENT STRATEGIE PRIORITY

ELEMENT*

OTHER INVOLVEMENT

Develop marntendnce per- i
sonne! selection and
training guidelines

Pevelup maintenance per- ?
sonnel gqualiicatron
requirements Tor n-

clusios in Req. Guide 1.8

Establish realistic rule 1
on overtime

Develop guidelines for é
minimm ground-the-c lock

mann ing

Dewe lop qurdelines for i
N AR ptotenan e Puane -

§ russ

Develop quidelines for PM ia
program

Reeramine 57711 require~ 2
ments

fxaning on-line dianastn 2
monitor ing

Increase [AE esphasis on }
work authorization and
contrul prectices

Revien need for deve'op- 3
ment ot maiatensnce

control guidelines

pY

PY

INFD (Job and Task

Analysis)

« INPG (Qualification
Guide lines

« 15A (18C Tech Guide)

INPOD (Survey)
o IBEw (Gui“{

« INPO (RCM)
« EPR] (PM Model)

e S WY e ——— RSN PRRRT |

\
\
o -

il e



Sy

i oA RS . m—wal i i

MAINTENANCE IMPROVEMENT OBJECTIVES

Outage Planning and Management

Assure maintendnce work
performed during outages 15
accomplished safely and reliably

Inventory Control

Assure proper replacement
components, spare parts, main-
tenance equipment and tools
are available

Hanpgenent

Assure maintenance programs
which promote safe plant
operations are planned for,
implemented, allocated
sufficient resources, supported
and guided by utility and plant
managers

*PTan elements refer to the NRC Lung-Range Muman fsctors Plan.

Organization & Management . . . OM
Staffing & Qualification . . . SQ

Training By L] e e R
Examinations . . . « « « » = o+ F
Man-Machine Interface . . . . . MM|

Procedures & Testing . . . . . PT

TABLE 4.2. (contd)

« Lramine 15sue of outside
personnel qualitication
and training under 4.7.3.3

o Develop quidelines for
outage planning and
management

o Munitar developments 1o
inventory control prdc-
tices

o Address maintenari/
management 155ues 1in
revision to NuReg-0731

o Examine Orgnization and
Management Pertformance
Standards

é

3

PT

MM

Ihe elements no luded

OTHER INVOLVEMENT

o LPRL (lmprovement
Studies)

o INPO, EPR]I, Owner's
Groups

« INVO (Corporate
Evaluations)

in that plen were:
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TABLE 4.3. Desirable Human Engineering Attributes of Well Designed Systems

CATEGORY FREQUESCY

v

o]

.

ACCESSIRILITY o5

{govd accessibility around the diesels, plant tatterine
arg out in the open, turhine casy to get to, pulverizer.
well-spaced, goud access to rod controls for repair,
CAsY access to alr compressors, good accessibility te
MSIV, boiler feedpump out in the open and well=separated)

EASE OF DISASSEMBLY, KEMOVAL ARD REPAIR Ja

(4KY Breakers can be easily vemowed - isolated from
other hreakers, modular design of rod controla, ease
of dismantling RCPF motors, modules on roil-out rails,
bolted instead of welded feedwater heaters)

EASE OF SYSTEM MONTTORING, TESTING AND TROURLESHOOT ING 17

{pood vibration and temperature monitorimg on RCF motors,
clear trouble indication, enginecred safeguards easvy to
test, OFF=CAS systum has evervthing up fromt - test
points, switches, ¢tc., butlt-in calibration svstem,
control cablinet for boiler control easv to troubleshoot,
good test facks and casy to input signals)

GOOD LIFTING AND MOVEMENT CAPABILITY 9

Cacvess for vehicles, built~in Bioist always is=plave,
skid mounting, easy removal through reof , pistfoms
very good, crane where vou néed i)

HICHLY RELIABLE EQUIPMENT ®

(highly reliable engineered safcvpuards actuatio: svstem -
settings don't drify, air compressor easv fo operate and
rarely breaks down, reliable relave, all components durable)

EASE OF SERVICING AND INSPECTION 5

fease of il changes, gocd access for preventive
maintenance, easv o swpor problems)

W

GOOD MANEALS AND PRINTS

(prints mi¢ readable, wanuals very good. unders .sndable
procedures, detailed operating instruction:)

AV IBASCE OF CONTAMINATED AREAS }

fequipment vlaced in an accessible location (utside
the "“hot" areas)

GOOD LAYDOWN AREA ¥

{exceliert lavdown area for turbine-generator’

AVATLABILITY OF NECESSARY TOOLS .

{necessary tocling available, ft'y a copplicated
assembly but the necessary special tools were
provided)

HISCELLANEOUS 2

{iail-safe desipgn, snokups for frainiep - should
b used more often)

TOTAL 101

4.6
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The following areas from Table 4.2 are seen as particularly amenable to
improvement in human performance:

- Maintenance Procedures and Technical Information
- Selection and Training of Maintenance Personnel
- Staffing

- Maintenance Control

- Qutage Planning, and Management

- Management

The most comprehensive review of this material to date is the study by
Badalamente et al. (1983). This study, entitled Recommended Program for the
€ r_ Plants, summarizes

maintenance problems in a qualitative fashion. However, the above factors are
ranked in order of estimatec importance. This order is displayed in Table 4.2,
and the basis for judgment is summarized in Table 4.4. In Table 4.4, types of
errors induced in maintenance operations (i.e., errors of omission, commission.,
timing, or sequence) are correlated with contrituting factors. The informaticn
in Table 4.4 indicates that the areas of most concern within the scope of this
study fall under the categories of procedures and technical informaticn,
training, and staffing during the repair operation.

The information presentec in Table 4.4 can be restructured to present more
clearly the factors which dominate the error process. This has been done in
Table 4.5 by c¢ividing the contrituting factors into design-oriented and human-
performance-oriented factcrs. The number of entries checked for direct or
secondary relationships which induce errcrs has then been summed.

JABLE 4.5, Ranking of Contributing Factors

Number of Relationships Cited

Lesign & Environmental Factors Direct Secondary
1. Human Factor Desian 5 4
2. Environmental Stress 5 5
7. Preventive Maintenance 4 3
11. Spare Parts (Inventory Contrcl) 4 0
) 2 6
TOTAL 19 18

Human Performance Factors

3. Maintenance Procedures el 3
4, Technical Documentatiocn 5 3
5. Training 11 2
6. Staffing 4 1
&. Work Authorizations 2 0
9. Werk Control 2 3
10. Outage Planning & Maragement 0 v
13. Use of Industry Experience 0 3.
14, Organizational Coordination 1 3
TOTAL 34 24

Table 4.5 indicates that humen performance factors, particularly procedures,
documentation, and training, play a substantial role in defining areas for
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imprevement in maintenance. However, the Badalamente study (1983) ranked design
for maintenance first in importance. This area was consistently ranked as most
important by maintenance perscnnel. The above information would thus indicate
that human performance contritutes less than 50 percent to the outige factor. A
range of 25 percent to 50 percent is suggested as a werking hypotheses.

4.1.2 LER Review

The above conclusion can be substantiated to some extent through a review
of Licensee Event Reports (LERs) for nuclear power plants. A review of LERs by
error categories very similar to those use¢ above in Table 4.4 is summarized in
Figure 4.1 (Brune and Weinstein 1980). Note that the categories of Follow-on
(interface instructions following a repair), Communication, Comprehension, and
Incomplete, Unrevised, and Inaccurate Procedures make up 36 percent of the
errors reported. These are consicered to be singularly human-performance-
relatec fectors. Non-compliance and Misalignment will also include some
fraction of human-performance-related errors as was seen in the correlaticn of
errors and contributing factors presented in Table 4.4. These two categories
are then shared tc some degree with the influence from design and environmental
factors.

There are indications, therefore, that human-performance-related factors
contribute at least 36 percent of the total to maintenance errors. The
remaining 64 percent in Figure 4.1 will also contain sors contribution from
human performance, but design woulc be expected to pley the dominant role. To
estimate the upper bound for human factors, it will be assumed that 25 percent
of the remaining categories, or 25% x 64% = 16%, can be attrituted to human
factors. This then gives an upper bound of approximately 50 percent, (i.e., 36%
+ 16% = 50%) for an estimated range of 25 percent to 50 percent.

4.1.3 Propgsed Model

The twc data points above tend to confirm that the human-performance-
relatec factors in maintenance represent 25 percent to 50 percent of the errors
involved. It remains to be seen how these error rates affect outage duration
and outage frequency. The LER review indicates that human errcrs will be more
dominant cduring the actual cutage, thus playing a more important role in
determining the outage duraticn. The outage frequency is intuitivelv -
dependent on design factors. An even division between human and de.:gn factors
for outage duration is suggested as a working hypothesis, with a 25 percent to
75 percent division between the factors (human/design) for outage fr-equency.

The following new model is then proposed to examine the results of such a
hypothesis. Factors which consist of the contritutions from human performance.
(H), and design, (D), the sum of which acds to one, will be associatea with both
the fregu.ncy, f, and duration, t, of the repairs in the eq' . 'on for
unavailability. This becomes

G(new) = [(Hl + D1) x t x (H2 + D2) x "1/720

where f is again in acts/month, and t is in hours/act.
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Communication

Comprehension
1% Incomplete Revision

Category

(N = 336)

Algnment
25%
Non-Comphance
39%

Follow-On
9% /
/

inaccurate

Definitions of Performance

Deviation Categories Used to Classify LERs

Definition

Non-Comphance

Misalignment

Preparation of Inaccurate
Procedures

Preparation of Incomplete
Procedures

Failure to Revise
Interface Instructions

Failure to Provide
Interface Instructions

Communication

Comprehension

Unauthorizoo Action. A procedure was available but not used or followed.
An action not in the procedure was performed or a step was performed out
of the sequence specified in the procedure.

Omission. A procedure was used but steps were not performed

Incorrect Action. A precedure was used but an error was committed
in the performance of a step.

Valves, switches, jumpers, relays, fuses, breakers or solenoids were
incorrectly positioned before. during or after a procedure

Instructions in a procedure were incorrect

Instructions in a procedure were incomplete The procedure did not
contain necessary information

The procedure did not reflect changes in equipment or limits. An obsolete
procedure was used

Personnel were not informed of necessary actions following completion of
a procedure, e g a test following repair

An extra-procedural communication, e g phone, intercom, was
misunderstood.

The user misinterpreted the instructions in a procedure

FIGURE 4.1. Distribution of LERs by Performance Deviation for the
i Maintenance Activity (Brune and Weinstein 1980)
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The PNL expert panel aid consicer the existence of unavoicable
(non-human-relatec) factors contributing to downtime during maintenance outages.
But as a conservative approach, the fractional improvement esiimated for
maintenance staff performance was applied to the entire maintenance outage term.
That is,

Qolc) = (H x t x f)/720, where }, is the human factor.

The olc model was trought to overestimate the reduction in Q by applying
the percentage decrease 1n the humén factor to the entire maintenance outage.
However, combinations of 4 and D alove are possible which bracket the olc model.
The cases listed in Table 4.6 arc used to illustrate this point for reductions
in H1 and HZ of 2.5, 5, 10, 20, and 40 percent (i.e., a reduction in human
error), comparing the percentage difference between the recduction predicted for
the old and new model. (There are some duplications in Table 4.6, these being
Cases 2 and 4, 3 and 7, 6 anc 8.) Cases 6 through 9 (hence Case 3) are not
consicdered credible, given the examination of human error data which indicates a
bound at the 50 percent contribution level.

JABLE 4.6, Potential Overestimation of Reduction in Maintenance
Cutage Unavailability in Old and New Maintenance
Model for a Range of Human and Design Factor

Combinations
Percent Reduction in Human Factors (H)
Case Hl D1 H2 D2 2.5 5 10 20 40
— 1100 x (01d - New)/O0lal

1 0.25 0.75 0.2% 0.75 50.2 50.3 50.6 51.2 52.5
2 0.25 0.7% 0.50 0.50 25.3 25.6 26.3 27.5 30.0
3 0.25 0.7% 0.75 0.25 0.5 0.9 1:9 3.8 149
4 0.50 .50 0.25 0.75 25.3 25.6 26.3 27.5 30.0
5 0.5 0.50 0.50 0.50 0.6 1.3 2.5 5.0 10.0
6 0.50 0.50 0.75 0.25 -24.1¢@) -23.1 -21.3 -17.5 -10.0
7 0.75 0.25 9.25 0.75 0.5 0.9 1.9 3.8 8.0
8 0.7 0.25 0.50 0.50 -24.1 -23.1 =-21.3 =17.5 =10.0
S 0.75% 0.25 0.75 0.25% -48.6 -47.2 =-44.4 -3B.8 -27.5

(a) minus sign indicates underestimate.

The results are shown graphically in Figures 4.2, 4.3 and 4.4, Again, the
results are given as the percentage difference between the old and new models,
f.e., [100 x (01d - New)/01d] for the various assumed reductions in the human
performance factors. The results indicate a sianificant spread in the predicted
overestimate of the old model, depending on the assumed split between human and
design factors. The predicted overestimates range from approximately a 50
percert overestimate to a 50 percent underestimate for case 9, which, again, is
not considered a viable example.
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FIGURE 4.4 01d Maintenance Model Overestimation versus New Model (Cases 3,6,9)
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This model is recognized as being simplistic and lacks the necessary date
to correlate improvements in plant performance with the subjective, qualitative
types of studies that have been done to date on human factors in nuclear power
plant maintenance. However, the available information suggests that the model
presented here is sufficient as a working hypothesis. Further investigation is
required to see whether additional information is available to draw the
necessary connections, perhaps from individual utility records where improvement
programs have been implemented and objectively evaluated.
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5.0 HUMAN FACTORS DATA

The use ot improved quantitative methods for determining potential risk
reduction benefits which might be affected by human factors changes in nuclear
power plants (NPPs) is dependent on the availability of useful data. Such data
allow competent analysts to make quantitative or qualitative assessments of
occurrences ot human errors in NPPs that affect the availability or operational
rel1ability of engineered safety systems and components.

The basic measure of human performance usec¢ in PRA methcds is the human @,
error probability (HEP). The HEP is the likelihood that when a given task is
performed an error will occur. There-are many ways to estimate the HEP; some
are statistical and some are nonstatistical! (i.e., judgemental).

The most useful information for human reliability analysis is actuarial
cdata which consist of the number of errors of & given type that have occurred
divided by the number of opportunities for that error to occur.

If a data-based estimate ic not available, an estimate derived from
information trom similar tasks can be used. In these cases, similarity fis
judged in terms of the correspondence of behavioral variables. Two physically
dissimilar Ytems of equipment might be quite similar 1n terms of the human
behavior involved in their cperations, calibraticn, or maintenance. Therefore,
an observed HEP for one ftem of equipment might be used as the estimate of the
HEF for the same type of task cn another item of equipment. Often, expert
opinion is needec in the applicaticn of cerived HEPs.

5.1 EXISTING HUMAN FACTORS DATA BANKS

For the past few years, the main source of cata for quantifying the human
contritution to NPP system performance has been NUREG/CR-1278 (Swain and Guttman
1980). Recently, with an increase in activity in the risk assessment area,
there has develcped a need tc supplement and update the data in NUREG/CR-1278.
Consequently, the NRC and Sandia Na’."onal Laboratories (SNL) inftiated a
research project toc develop a progre- for aggregating human relfability data
relating tc nuclear power plant operations. As part of that project, data bases
other than NUREG/CR-1278 were reviewed to ascertain whether they coula be used
as sources of zaditional, updated data for inclusion in NUREG/CR-1278. The
results of this data base review are reported in NUREG/CR-2744 (Topmiller, Eckel
ana Kozinsky 1983). In that study, the following 10 data bases, which represent
211 of the known data bases that deal with human performance data, were
reviewed.

- American Institute for Research (AIR) Data Store

- Bunker-Ramo

- Aerojet General

- Technique for Establishing Personnel Performance Standards (TEPPS)
- Operational Recordging and Data Systems (OPREDS)

- Air Force Inspection and Safety Center (AFISC)

- Aviation Safety Reporting System (ASRS)

- Nuclear Plant Reliability Data Systems (NPRDS)

- Safety Related Operator Action (SROA) Frogram

- IEEE Human Factors Working Group SC 5.5 Survey
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The reviews of those data bases revealed very little additional data that
could be used to improve the HEP values currently contained in NUREG/CR-1278.
It was getermined, however, that the AIR Data Store could be consicered as a
supplement to the data in the NUREG/CR-1278 tables dealing with displays (Tables
20-3 through 20-7) and controls (Table 20-13). The AIR data would be best
applied at the detailed design level.

It was also observed that very little information was available in existing
data banks that would assist human factors analysts in the scaling of
appropriate performance-shaping factors (PSFs). The use of appropriately scaled
PSFs is extremely important in arriving at specific HEP values that take into
account significant contextual and environmental conditions affecting human
performance. Topm:1ler, Eckel and Kozinsky (1983) also noted that the
develcpment of a method for integrating experimental and simulator-based data
with data 1n NUREG/CR-1278 would be desirable. This concept will become
increasingly important as more of the advanced man-machine interfaces (e.g.»
advanced cathodes ray tube displays and communication interfaces) are subjected
to experimental treatment.

Based on the scarcity of available additional data for supplementing
NUREG/CR-12/8 and the increased interest in factoring HEP consicerations into
NPP rRAs, Topmiller, Eckel anc Kozinsky concluded that a human reliability data
bank specificaily tailorec for NPP PRA applications shoula be established.

The results of two recently completed studies in which data base concepts
are described were reported by Comer et al. (1982) and Finlayson (1983). In
thefr study of a new data bank concept, Comer et al. focused primarily on four
requirements: human performance data collection, treatment, structuring
(storage), and retrieval. Based on the premise that it is important for PRA
applications that a Human Reliability Data Bank be established and working as
soon as possible, four different data collection methods were proposed. Three
of the data collection methods are extensions of existing data collection
systems: the NPRDS, LERs, and Plant Incigent Reports. The fourth data
collection system woula be a new system, the Nuclear Safety Reporting System
(NSRS), which would be similar to the Aviation Safety Reporting System (ASRS).
It will be established and used as another means of collecting data. In the
proposed NSRS concept, two groups, each performing a separate function, woulc
evaluate the field data and prepare them for a Human Reliability Analysis Group.
The Human Reliability Analysis Group would evaluate data from sources other than
operating power plants and classify all data for entry into the data bank. A
Human Reliability Data Manual woulc also be developed to provide the data bank
users with sufficient instructions and examples to use the data bank quickly and
efficently. In addition, the concept of a Data Clearinghouse has been
developed. The primary functions of this group woulc be to maintain the data
bank, assist data bank users, and provide backup information to users who
request 1it.

In his 1983 study, Finlayson developed a concept for a Nuclear Power Safety
Reporting System (NPSRS). The purpose of the proposed NPSRS woulc be to provice
a substantial, diverse scurce of cata for assessing the influence of human
factors data in the nuclear industry. Key elements of the NPSRS woulc include a
third-party management organi-ation and a NPSRS Advisory Committee.
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The third-party management organization woulc provice a buffer between the
support proviced fcr the system by the NRC and reporters who submit incicent
descriptions to NPSRS. This third-party buffer woulc be essential to the
success of the NPSRS in order tc assure participants that if reports were
submitted, the reporters woulc remain anonymous and that they wculcg not
incriminate themselves. The other key element of this proposed system is the
NPSRS Advisory Committee. The Advisory Committee woulc be made up of a
representative sample of the main participants in the system, both those
provicing input to the system and the users who receive output from the system.
The Aagvisory Committee woulc be responsible for organizing and starting up the
NPSRS and for monitoring subsequent operations. Data developed under the NPSRS
woulc be fed into the Human Reliability Data Bank, which would be available for
use by human factor system analysts, model developers for PRA events, utility
and plant safety engineers, NRC reguiatory staff, and others with an interest in
the data.

5.2 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the review of existing human factors data banks by
Tepmiller, Eckel and Kozinsky, it does not appear that additional cata are
readily available to supplement NUREG/CR-1278. If current human factors data
avaflability is 1imiting the refinement of PRA methods, attention may need to be
focusec on the cevelopment of a cata bank specifically tailored for NPP PRA
applications. However, the degree to which human factors cata availability and
quality affect the results of FRAs shoulc be determined before efforts to
develop a new cata base are initiated. A survey of PRA analysts could be
uncertaken to cetermine if and to what degree they believe that additional human
factors data would significantly affect the sensitivity of their analyses. If
tne results of the survey indicated that additional cata might improve the
quality of PRAs tc some cegree, a value analysis coula be undertaken to
determine the benefits to be attained as opposed to the costs for developing and
implementing a system for collecting, storing and disseminating data
specifically for use in NPP PRAs,

If these studies indicate that additional cata will improve PRA analysis to

an economically justifiable degree, development and implementation of a
dedicated data base could proceed.

5.3
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APPENDIX A

RISK PARAMETERS FOR CALVERT CLIFFS 2 PWR

The risk equation for Calvert Cliffs 2 (Combustion Engineering PWR with dry
containment) has been summarized for the dominant accident sequences
contributing to the seven PWR core-melt release categories as defined in
WASH-1400 (NRC 1975). The Calvert Cliffs results have been extracted from its
RSSMAP study, NUREG/CR-1659/3 (Hatch et al. 1982), and are provicec here in
Tables A.1 through A.4 with Aadenda I and II. The information is presented so
as to be compatible with the technique describec in Section 3.0 of NUREG
(Andrews et al. 1983) for estimating the risk reduction.

Table A.l lists the cominant accident sequenies for each PWR core-melt
release category. The frequencies (reactor-year *) are given for each
sequence listed in Table A.1. Also proviced are the frequencies for the
aggregates of non-dominant accident sequences per release category. Table A.2
detines the symbols usec in Table A.l.

Table A.3 presents the dominant minimal cut sets for each dominant accident
sequence |isted in Table A.l. Also proviced are the cut set frequencies, the
containment tailure modes for each sequence, the mode probabilities and
corresponding release categories, and the frequencies of the sequences excluding
the containment tailure probabilities. Where appropriate, the contritution to

the sequence frequency from the aggrecate of non-dominant minimal cut sets is
proviced.

Table A.4 lists the elements of the dominant minimal cut sets given Table
A.3. A brief cescription of each element is proviced, with extended resolution
into contritutory failures were appropriate. The level of resoluticn is limited
to that proviced in the RSSMAP report. Probabilities are listec for each
element. These can be viewed as unavailabilities uniess otherwise specified.
(Note that 1nftiat1ng event probabilities are occurrence rates in terms of
reactor-year *).

Two elements in Table A.4 have somewhat detailed resolutions. For these,
Addenda I and II have been provided. In some cases, additional cetail can be
found in the Calvert Cliffs RSSMAP report (Hatch et al. 1982). The analyst is
referred to this for any further information that he may need.

Note that the Calvert Cliffs RSSMAP study was based upon auxiliary
feedwater system (AFWS) design scheduled for upgrading at the end of 1982. This
upgrade will affect some of the accident sequence frequencies given in the
RSSMAP study. Estimates of these changes were made in the study. The analyst
is referred there for further detail. These changes are not reflected in Tables
A.1 through A.4 or the Addenda proviced here.

Also note that some of the cut set frequencies in Table A.3 and some of the
cut set element probabilities in Table A.4 differ slightly from the original
values given in the RSSMAP study. These differences result from rounding the
cut set element probabilities to two significant figures prior to their use in
calculating the cut set frequencies. This is a simplification employed in this
presentation to enhance the reproducibility of the results for use in subsequent

A.l



calculations. Note that none of these changes affect the total sequence

frequencies (as given in the RSSMAP study) when measured to two significant
figures.
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Accident
Sequence

TZNL

TIHL

TM

TIHLOO‘

Non-
Domi nant

Total

TABLE A.1.

1

o« 9.0E-8
o 7,2e-8
a 1.2E-P

a 1,JE-8

a 6.0E-9

o 2.9€-9

3 2.4E-9

a 1,2E-9

a B.5E-10

Calvert Cliffsloominant Accident Sequences and Frequencies

(Reactor-Year~

¢ 8.0E-5

(v+68)8.4E-6

3E-5
1.2E-4

)

PWR Release Category (based on WASH-1400)

3

(v+58)6.3E-4
(v+4)5.0E-4
(v+8)8.4E-5

6'2.0E-5

(v+8)4,2E-5
(v+5)2.0E-5

(v+8)1.7E-5

(v+8)6.0E-6

1.3E-3

5

87.0E-7

B88.4E-8

3E-7

1.1E-6

5

v 6.3E-6
B5.00-6
83.4E-7

£4.26-7
82.0E-7

g1.7e-7

g 6.0E-8

———

1.3E-5

‘6

€ 3.6E-6

_9E-6

e i

€2.7E-4
£ 2.2E-4
£ 3.6E-5

€1.8-5

E8.7E-6

£ 7.2E-6

€ 2.6E-6

1E-5

1.3E-5

5.7e-4
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TABLE A.2. Symbols Used in Table A.1

Initiating Events

T

1

T

T

2

3

- Loss of Offsite Power Transient

- Loss of Power Conversion System Transient Caused by Other Than a Loss

of Offsite Power

- Transients with the Power Conversion System Initially Available

System Failures

D
F

>

e O LOH BOO™

Emergency Coolant Injection System

Containment Spray Recirculation System

Emergency Coolant Recirculation System

Reactor Protection System

Auxiliary Feedwater System or Recovery of the Power Conversion System
Power Conversion System {Normal Operation)

Reclosure of Pressurizer Safety/Relief Valves

Containment Spray Injection System (transient event tree)

Containment Air Recirculation and Cooling System (transient event tree)

Containment Failure Modes

Qq =

Vessel Steam Explosion
Containment Leakage
Overpressure Due to Gas Generation

Overpressure Due to Gas Generation with Containment Failure Delayed
Relative to Core Melt

Overpressure Due to Hydrogen Burning

Base Mat Melt Throygh

p.4
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TABLE A.3. Dominant Minimal Cut Sets of Calvert Cliffs Dominant Accident Sequences

Sequence Cont. Cut Set
Accident Frequency Fail. Mode Rel. Frequencies
Sequence Areymt) fodes Prob's Cat's Minimal Cut Sets N W

ToML 9.0E-4 o 1£-4 ] T,+M«CONST1-PCSNR 8.76-4
contribution from y + 8 a8 3
non-dominant minimal B .007 5
cut sets = 3E-5) € .3 7

TML 7.2e-4 a 1E-4 1 Ty-M-CONST] 5.8E-4

zcontribution from y + 8 " 3 Ty-M<L.OACRES-D21ST-D12ST 2.6E-5

non-dominant minimal g .007 5 Ty+M+LOACRES-D125T-F2 1.8E-5
cut sets = 1.0E-4) € .3 7

T3ML 1.2E-4 a 1£-4 1 T3+M3-CONST] 1.2E-4
vy + & | 3
B .007 5
e 3 7

T{MLOO" 1.0E-4 a 1E-4 1 T,+M-BATCH 8.0E-5

contribution from 8 .8 2 T,+M<D21ST-D12ST-
non-dominant minimal § .2 3 LOPNRBHR* DGNRBHR 5.4E-6
cut sets = 6E-6) B .007 4 T,+!11-D21ST-F2-
LOPNRBHR- DGNREHR 3.8E-6
T,+M«LOACRES+LOPNRL -
D21ST-D12ST 2.6E-6
T;+M-LOACRES+LOPNRL -

D12ST+F2 1.8E-6

T, KML 6.0E-5 a 1£-4 ] ToeK=M-L 6.0E-5
y + 6 .7 3
B .007 5
£ o3 7
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TABLE A.3. (contd)

T]-H-ﬁl-Q-Sl-FZ-NRLDF 0E-6

sequence Cont. Cut Set
Accident Frequency Fail. iiode Rel. Frequencies
... Sequence (ry"l)  todes  Prob's Cat's ~ _ Miniwal Cut Sets  (ry"l)
TlNQO Z.9E-5 [ 1£-1 1 T]-H-pl-Q-DZ]ST-D]ZST-NREDF 4.1E-6 |
(contribution from y *+ & " 3 T]'M-P]-Q-Dlst-FZ-HREDF 2.9€-6
non-dostinant minimal B .007 5 T]-N-PI-Q-HT-DZIST-ﬂREDF 1.56-6
cut sets = 1.1E-5) € .3 7 T‘-M-Pi-Q-HPCH~NRPORV 1.3E-6
T]-H-P]-Q-HI-DIZST~NREDF 1.1E-6
T]~H—P]-Q-"T-F2~NREDF 1.00-6
T,-H~P,-Q-LT-DI?ST-NR[DF 9.3E-7
T]-H-P]-Q-KT-DZIST~HREDF 95.8E-7
T]-H-P]-Q-C-DIZST'NREDF O.E-7
T]-M-P].Q-B-D2IST-NREDF G.1E-7
T]-H-F]-Q~M-D]25T-NREDF 7.9E-7
T]-M-P]vQ-KT-FE-HREDF 6.5E-7
T]-H-P].Q~L1T1-02]ST-NREDF 4.3E-7
T]-H-P]~Q-F?-LIT]-NREUF 3.06-7
T]ﬂOH Z2.4E-5 “ 1E-4 1 T]~H-FI-Q-RI-UZISToNRLDF 5.8E-6
(contribution from Yy + & .7 3 T]-H-P]-Q-R]-FZ-NRLDF 4.0L-€
non-doninant minimal 8 .007 5 T]-H~P]-Q-H1-RI-NRLDF 4.0E-6
cut sets = 3E-6) ¢ .3 4 T].H~ﬁ]-Q-NI-DIZST-NRLDF 1.4E-6
T]-N-Pi-Q-S]-DZIST-NRLDF 1.4E-6
L P
TI.M-B]-Q-Sl-Nl-NRPORv 1.0E-6
T]-H-F]-Q-RI-RASB]-NRPORV 8.0E-7
T‘-H-P]oQ‘R]-EZT]-NRLDF 5.6E-7

Ty -11-Py -Q-R1- G271+ IRLDF 5.6E-7
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Accident
Sequence

T‘HQFH
(contribution from
non-dominant minimal
cut sets = 1E-6)

Sequence
Frequency

Ary=1)

1.2E-5

TABLE A.3. (contd)

Cont.
Fail.

4

ttodes

L3
¥

Prob's
1E-4
<7
.007

Rel,
Cat's

S &S N

M-p

NP

1

1

1
1

1.p

1
1
5
1

'"'P]

Minimal Cut Sets
1P,
.”.ﬁl
11-P
-n-91
M.

" r]
P
2P
1P
M-P
1P

Q- RASCH-HRPORY
*Q-R22-D12ST -NRLDF
*Q-R21-D21ST-NRLDF
*Q"R21-R22-NRPORY
*Q*U-D21ST-NRLDF
*Q-V-D21ST-HRLDF
I'Q-FZ'RZI-NRLDF
*Q-W-R22 “NRPORY
Q-4-F2 -NRLDF
*Q-V-R21-HRLDF
-Q-RASAY-D21ST-NRLOF
-Q-RASB1-D12ST-NRLDF
(B~ R22-NRLDF
*Q-W-V-NRPORY
*Q-C-R21-1RPORY
'Q'RZZ-RASAI-NRPORV
*Q-FZ-RASA - }IRPORY

" Cutﬁeti
L4
Ty
1.6E-6
1.5E-6
1.2E-6
.3E-7
.5E-7
5E-7
OE-7
AE-7
2E-7
2E-7
.9E-7
OE-7
.8E-7
L7E-7
L2E-T
AE~T
2.0E-7
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TABLE A.3. (contd)

Sequence Cont.

Accident Frequency Fail. Hode Rel.
______Sequence (ry-l)  tliodes  Prob's Cat's
T,HMQH 8.5E-6 a 1E-4 1

(contribution from y *+ 4 7 3
non-dominant minimal B .007 5
cut sets = 7E-7) € .3 7

T R p——— S — N — . p—

Minimal Cut Sets

TZ-M-P]"O-Nl-Rl-NRPORV

T 'H'PII‘Q'NI'SI'NRPORV
TZ‘M'P]"Q'RASBI-RI-NRPORV
TZ-H-P]]'Q-KT-RZZ-NRPORV
T2-M-P]‘-Q-LT-R21-NRP0RV
TZ-H-P]]-Q-SIAZ-R22~NRP0RV
TZ-H-P]]-Q-RASBI-SI'NRPORV
TZ'H'P]]'Q'RASAI'NI'NRPORV
TZ'H'P]]'O-KT-V‘NRPORV

T 'ﬂ'P‘]-Q-LT-H'NRPORV

2

2

LY TR ————— --l

Cut Set
Frequencies

T
4.2E-6
1.1E-€
8.4E-7
3.7E-7
2.9E-7
2.2E-7
2.1E-7
2.0E-7
1.9e-7
1.9€-7
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D21ST

D12sT

BATCM

TABLE A.4.

Elements of Dominant Minimal Cut Sets of Calvert Cliffs

Dominant Accident Sequences

Description

Transient initiating event caused by a
loss of offsite power.

Transient initiating event caused by a
loss of feedwater. Offsite power is
assumed to be available

Transient initiating event with the
power conversion system (PCS) initially
available (e.g., turbine trip).

Total interruption of the PCS

Failure of the PCS to continue operation
following reactor trip.

Unavailability of diesel generator =21

due to mainterance and start failures.

It is needed to open one of two auxiliary
feedwater system (AFWS) steam-admission
motor-operated valves {MOVs) after a loss of
oftsite power,

The failure probability of event D21S7 is
the sum of the following contributory rodes:

failure to start - .030
maintenance outage - .0064
.036

Unavailability of diesel generator =12 due

to maintenance and start failures, It is
needed to open one of two AFWS steam-admissicn
MOVs after a loss of offsite ovrer.

The expansion of event D12ST into its_contribu-

tory failures is analogous to event D2iST.

Common-cause failure of the DC power systen
due to miscalibration of the battery charger
charging rate.

Failure of the reactor protection system
(RPS) due primarily to failure of the
RPS trip circuit breakers to open.

The expansion of 2vent K into its contribu-
tory failures is somewhat complex. For mor:
detail, see Addendum 1.

A.9
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TABLE A.4. (contd)

Description Probability

Loss of flow path between the refueling

water storage tank (RWST) and pumps for

1) trains =21 of the low pressure and

containment spray injection/recirculation

systems (LPIS/RS and CSIS/RS) and 2) trains

#21 and 22 of the high pressure injection/
recirculation system (HPIS/RS). .0070

Event B occurs if either of the
following fails:

1. A normally-open (NO) MOV.
Its failure probability is
the sum of the following
contributory modes:

operator error - .001

plugged - ,0001

maintenance outage - .0058
.0069

2. A check valve (CV). It has a
hardware failure probability
of .0001.

The failure probability of event B is the
sum of the above.

Loss of flow path between the RWST and pumps
in 1) trains #22 of the LPIS/RS and CSIS/RS
and 2) train #23 of the HPIS/RS. .0070

The expansion of event C into its contributory
failures is analogous to that for event B.

Loss of flow path through train #21 of the
HPIS/RS. . 0085

Event KT occurs if any of the following fails:

1. Either of two CVs. Each has a hardware
failure probability of .0001,

2. Either of two NO manual valves (ManVs).
The failure probability of each is the
sum of the following contributory modes:

nlugged - .0001
operator error - ,0001
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TABLE A.4. (contd)

Description

3. A pump. Its failure probability
is the sum of the following
contributory modes:

hardware - 001
control circuitry - .0011
maintenance outage - .0058

.0079

The failure probability of event KT is

the sum of the above: 2(.0001) + 2(.0002) +
.0079 = .0085. The factors of two account
for the contributions from two CVs and two
NO ManVs.

Loss of flow path through train #23 of
the HPIS/RS.

The expansion of event LT into its
contributory failures is analogous to
that for event KT.

Loss of one of two common flow paths
downstream from trains #21-23 in the
HPIS/RS.

Event MT occurs if a normally-closed (NC)
MOV fails. Its failure probability is the
sum of the following contributory modes:

hardware - .001

plugged - .0001
control circuitry - ,0064
maintenance outage - .0058

013

Loss of one of two common flow naths
downstream from trains #21-23 in the
HPIS/RS,

Event N occurs if an NO MOV fails. It
has a failure probability of .0069 as
shown in event B.

Diversion of HPIS flow through any one
of eight interfacing lines of the cold
leg accumulator system (CLAS) of the
LPIS/RS, a common-cause failure

A.11
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TABLE A.4. (contd)

Description Probability

Event HPCM occurs if any one of eight
Cvs fails. Each has a nardware failure
probability of .0001.

The failure probability of event HPCM
is the sum of that for each CV.

Loss of the flow path from the contain-
ment sump to train #23 of the HPRS or
train #22 of the LP/CSRS. .013

Event V occurs if either of the following
fails:

1. ACV. It has a hardware failure
probability of .0001.

2. An NC MOV. It has a failure
probability of .013 as shown
in event MT.

The failure probability of event V is
the sum of the above

Loss of the flow path from the contain-
ment sump to trains £21 and 22 of the
HPRS or train #21 of the LP/CSRS. L013

The expansion of event W into its contribu-
tory failures is analogous to that for event
V.

Failure of the safety injection actuation
(SIA) logic channel A2 in the engineered
safety features actuation system (ESFAS). .0050

The failure probability of event SIAZ is
the sum of the following contributory modes:

hardware (single or double failures)- -0029

test or maintenance outage . .0021

.0050

Failure of the recirculation actuation
(RA) logic channel Al in the ESFAS. . 0050

The expansion of event RASA] into its
contributory failurcs in analogous to
that for event SIAZ.

A.12



TABLE A.4. (contd)

Symbol Description Probability
RASB1 Failure of the RA logic channel
Bl in the ESFAS. .0050

The expansion of event RASB1 into
its contributory failures is analogous
to that for event SIA2.

RASCM Common-cause failure of the RA logic
channels in the ESFAS due to sensor/
comparitor miscalibrations. L0010

F2 Loss of flow path through the service
water heat exchanger in train #22 of
the salt water system (StWS). .025

e e e i e et B

Evert F2 occurs if one of three control
valves (ConVs) fails. Two have failure
probabilities of .0058 due to maintenance
outage. The failure probability of the
third is the sum of the fo!lowing con-
tributory modes:

e e

_ hardware - .0006
; plugged - .0001
i control circuitry - .0064
; maintenance outage - .0058
‘ 0129

The failure probability of event F2 is
the sum of the above: 2(,0058) + .0129
= ,025. The factor of two accounts for
the contribution from the first two

ConVs.
M1 Loss of flow path through the pump in
train #22 of the component cooling system
(CCS). .0098

Event M1 occurs if any of the following
fails:

1. ACV. It has a hardware failure
probability of .0001.

e i e o

2, Either of two NO ManVs. Each has
a failure probability of .0002 as
shown in event KT.

3. A pump. Its failure probability
is the sum of the following con-
tributory modes:

A.13
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TABLE A.4. (contd)

Description
hardware - .0010

control circuitry - ,0018

maintenance outace - .,0058

failure to run for

24 hr (A= 3.0E-5/hr) - -00072
.0N93

The failure probability of event Ml
is the sum of the above: .0001 +
2(.0002) + .0093 = .0098. The factor
of two accounts for the contribution
from two NO ManVs.

Loss of flow path through the component
cooling heat exchanger in train #22 of
the StWS.

Event N1 occurs if either of two ConVs
fails. The failure probability of each
is the sum of the following contributory
modes :

hardware - .0003
control circuitry - 0064
maintenance outage - ,0053

0125

The failure probability of event N1 is Jhe
sum of that for each ConV.

Loss of normal flow path through the
component cooling heat exchanger in
CCS loop #?1 given failure of CCS
loop #22.

Event K1 occurs if either of the
following fails:

1. Either of two NO ManVs. Each has a
failure probability of .0002 as shown
in event KT,

2. An NC ConV. It has a failure proba-
bility of 0.10 due to operator failure
to open it given failure of CCS loop
#22.

The failure probability of event Rl is the
sum of the above: 2(.0002) + 0.10 = 0.10.
The factor of two accounts for the contribu-
tion from two NO ManVs.

A.14
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TABLE A.4. (contd)

Symbol Descripsizn Probability
S1 Loss of flow path through the

component cooling heat exchanger

in train =21 of the StWS. .025

The expansion of event S1 into its
contributory failures is analogous to
that for event NI.

R21 Failure of the emergency core cooling
system (ECCS) pump room cooler #21. .020

The failure probability of event R21 is
the sum of the following contributory

modes :
fan failure - .00084
control circuitry - .0060
hardware - ,013
.020
R22 Failure of the ECCS pump room coonler =22, .026

The failure probability of event R22 is the
sum of the following contributory modes:

fan failure - ,00084
control circuitry - ,0060
hardware - ,019
026
E2T1 Failure of pump #22 to restart in the
StWS after a loss of offsite power. .0035

The failure probability of event E2T1
is the sum of the following contributory

modes :
hardware - 0010
control circuitry - 0018

failure to run for
24 nr (» = 3.0E<5/hr) . 00072

e v

6G2T1 Failure of pump #22 to restart in the
service water system (SvWS) after a loss
of offsite power. .0035

The expansion of event G2T1 into its con-
tributory failures is analogous to that
for event E2T1.
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Symbol
LIT1

CONST1

PCSHR

LOACRES

TABLE A.4. (contd)

Description Probability

Failure to re-establish a flow path
through the pump in CCS loop #21 after
a loss of offsite power. .0037

Event L171 occurs if either of the following
fails:

1. A pump (restart). It has a failure
probability of .0035 as shown in
event E2TI.

2. An NO ManV. It has a failure prob-
ability of .0002 as shown in event KT.

The failure probability of event L1T1 is
the sum of the above.

Failure of the AFWS due primarily to

common-cause operator failure to manually

initiate the AFWS or failure of both

turbine pump trains. .0029

The expansion of event CONST1 into its
contributory failures is somewhat complex.
For more detail, see Addendum II.

Failure of the AFWS given a loss of feed-
water, failure of the RPS and total inter-
ruption of the PCS. 1

Power-operated relief valves (PORVs)

demanded open given a loss of offsite

power or a transient with the PCS initially
available. 1

PORVs demanded open given a loss of feedwater. .070
Failure of a PORV to reclose given it opens. .080
Failure to restore tre PCS within ~30 minutes
following a reactor tr'p caused by a PCS

interruption 0.10
Failure to restore the AFWS given a total

loss of AC power (LOAC). The AFWS is re-

stored by opening manual valves in the AFWS
steam-admission lines. 0.10
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TABLE A.4. (contd)

Description Probability

Failure to restore offsite power within

3 hours given LOAC. Restoration of

offsite power would allow operation of

containment systems capable of mitigating

the accident. 0.10

Failure to restore offsite power

within 8 hours given LOAC and

success of AFWS. Restoration of

offsite power or a diesel generator

is required to prevent AFWS failure

via depletion of the station batteries. .030

Failure to restore a diesel generator

within 8 hours given LOAC and success

of AFWS., It is assumed repair of only

one diesel will be attempted within

this time-frame. 0.70

Failure to recover a stuck-open PORV by

closing its Llock valve given AC power

is available, This includes the operator

failing to close the valve or hardware

failure of the valve. 0.10

Failure to recover failed components

within ~1 hour following a stuck-open

PORV LOCA and failure of one or both

diesels to prevent core-melt. Recovery

actions consist of restorinc offsite

power so that high pressure injection

can be utilized or so that the PORV

block MOV can be closed. 0.20

failure to recover failed components

within~3 hours following a stuck-open

PORV LOCA and failure of a single

diesel to prevent core-melt, 0.10
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ADDENDUM 1

480 vac 3¢
Bus No 1

s

480 VAC 3 §
Bus No 2

Main Circuit )

Breakers

Motor Generators

240 VAC 3¢

—0 ¢

* #125V dc Bus No )

Bus Tie

Trip Circuit
Breakers

)

L Cgen
(ce3e

(eonr

—0

B4E

*Note: There are 4 125 dc Buses 1, 2, 3, 4 LE%L'}g::l
with circuitry identical to that 3
shown for Bus 1, Bus 2 goes to
CB2A and CB2B, etc.

|

g £
CEDM Con- Individual
trol System tf W'g?ver

FIGURE I-1. Calvert Cliffs RPS Power Trip Circuit
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ADDENDUM T1
TABLE I1-1. Boolean Expansion of Term CONSTI

The Boolean expansion of CONST1 is the sum of the following terms:

Terns Probabilities
AFUSC 1.0E-3
81:Cl 8.4£-4
Al 4.0E-4
D1-E1 1.76-4
F1.6] 1.76-4
F1-01 1.7E-4
E1-Gi 1.76-4

e S

3 = consT! = 2.9€-3

TABLE I1-2. Boolean Terms Comprising CONSTI]

Term
Beolean Term Term Pefanition Unovatlabilicy™
Al *3 + C4 3.0 % 104
Bl 2l + Pqd + 80 # s
P3 + 85 + TR21 229 107+
Cl P2 + PE + 3B + 4
Ps + 37 + 1Tp22 2.9 x 1077
Dl HL + 05 + Cy~-4511 1.3 x 10~2
El H2 + 6 + CV=-4512 1.3 % 1072
Fl 33 # [1OV=4071 1.3 % 1072
Gl 34 % NBOV-4070 1.3 % 107
AFPWSCH Operator fails to -3
manually initiate the 1.0 x 10
aystem

*Double and triple maintenance contributions have been reroved from these

i A.21




TABLE 11-3. Component Failures Corresponding to Boolean Terms in CONSTI

Coaponert Fault Fairlure
Jescristion Identifiers Contributors Q/Commonent
P3, 25
Checlt Valnwe 83, 54, 85 P
87, 15, B8 Hardwvare 1.0 x 107
Q Total 1.0 x 107
C3, €4, P}
Manual Valve P2, P4, PS -d
(Normallv Open) §6, 88, Hi Operator Error 1.0 x 10 4
H3 Plugaed 1.0 x 107
Q Total 2.0 x 1074
Turbine Punp TPsl Hardwaral 2.0 x 10"2
TP22 Control Circulrt 1.8 x 10°3
Fails to operate
24 hrs. 5 4
(3.0 x 107“/ht) T:2.% 167
Mdaintenancs $.8 x 10“3
Q Total 28 % 1 -2
Control Valve CV=4511 Harduare 3.0 x 10°%
CV=4512 Control Circuilt 6.4 2 10'2
Plugged 1.0 x 107
Haintenance 5.8 x 1073
Q Total 1.3 x 1072
Hotor Operated A0V=1071 Hardware 1.0 % 1073
Valve MOV-4070 Plugaed 1.0 x 107*
Control C.reuit 6.4 x 1073
Maintenance 5.8 x 10~3
Q Total 1.3 x 1072

——

s - p— .-

e el

e

b ]

“Turbine pump Jdata tarcn from “"Boston Edisor Co. Pilgrim Stacion

Unit 2 statien Blackout and dnergency Feedwater System Reliabality,®
Becutel Power Coerp,, dept, 1978,
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APPENDIX B

NAMES OF THE PNL EXPERT PANEL AND PNL RISK ANALYSTS

The PNL Expert Panel consisted of A, J. Boegel, M. J. Clausen, B, F. Gore,
and S. W. Heaberiin., The PNL risk analysts involved in developing the human
factors technigues used in the P53l project were W.E. Bickford, R.H.V. Gallucci,
ang T. B, Powers,
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1.0 INTRODUCTION

This report summarizes the results of risk and cost analyses conducted by
the Pacific Northwest Laboratory (PNL) for the Safety Program Evaluation Branch
(SPEB) of the U.S. Nuclear Regulatory Commission (NRC) in support of the
prioritization of the Human Factors Program Plan (HFPP). The main part of the
report is divided into discussions of risk, cost, summary of results and
conclusions.

The accigent at Three Mile Island Unit 2 (TMI-2) igentified the need to
bring human factors consicerations into the mainstream of NPP regulation and
operation. A thorough understanding of functions, capabilities, and 1imitations
of the personnel finvolved is needed to evaluate the safety of nuclear power
plants (NPPs). NUREG-0660,

IMI-2 Accident., described a number of tasks to be performed by the nuclear
industry and the NRC, A significant number of these tasks were aimed at
improving NPP safety through increased attention to the human element.

| Considerable progress has been made on many of these Actfon Plan items.

The purpose of the 1983 version of the NRC HFPP was to ensure that proper
consiceration s given to human factors in the design, operation, and
maintenance of s. This 1983 plan acdressed NPPs and described (1) the
technical assistance and research activities planned to provide the technical
bases for the resclution of the remaining human factors related tasks described
fn NUREG-0660 and NUREG-0737, Clarification of TML Action Plan Requirements. and
(2) the additional human factors efforts fcentified during implementation of the
Action Plan that should recefve NRC attention. The plan is intendec to
represent a systematic and comprehensive approach for addressing human factors
concerns important to NPP safety in the FYB3 through FY85 time frame, The
initial HFPP {dentifies seven elements percelved as addressing the human factors
concerns in connection with NPP safety. These elements, which are described in
Appencix A, are 1isted below:

R R R ITRRRRRRRRRRRRO RRRRRRRRRRRRE =,

1) Staffing and Gualification (5Q)
2) Training (T)

3) Licensing Examinations (LE)

4) Procedures (F)

§) Management and Organization (MO)
£) Man-Machine Interface (MMI)

7) Human Reliability (HR)

The NRC staff has recognized that there must be orders of priority among
the plan elements. While all plan elements are important, some have more
immediate application to improvec plant safety. The seven plan elements have
beern qualitatively prioritized but to date they have not been guantitatively
prioritized, The quantitative prioritization of these plan elements, based on
risk anc cost, 1s the purpose of this prioritization task.

1.1
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Methods used fn this analysis are described in NUREG/CR-2800. Risk impact
was determined by using the results of an importance rating exercise to
calculate risk changes based on twc Reactor Safety Study Methodology Application
Program (RSSMAP) risk assessments. Risk is discussed in Section 2.0. Costs
were determined based on the costs assocfated with previously assessed safety
fssues and estimates for additional rew activities, Cost fs discussed more
fully in Sectfon 3.0. Results are summarized in Section 4.0. Conclusions are
presented in Section 5.0.

The nature of both the recipients and resources involved in fmproving human
performance result in significant overlaps in both costs and benefits. One
major deviation from the approach taken in the analysis of a single issue,
described in NUREG/CR-2800, 's the consideration of the risk and cost overlaps.
A discussion of these effects is proviced 1n both Sections 2.0 and 3.0.

1.1 SCOPE

Certain guicelines were established by the NRC staff to define this work.
First, the plan elements were to be evaluated without considering the
contritution or effect of maintenance. The maintenance fssue has been
prioritized as a separate fssue and involves more than just human factor related
aspects. Second, since the Human Relfability Data element wac considered to be
@ licensing issue, to be worked on regardless of safety priority, it was not
prioritized with the other six plan elements. HFPP e¢lement fssues were def ined
by the NRC as of January 1984, and are described in Appendix A,



2.0 ASIESSMENT OF RISK CHANGES

The assessment of risk changes associated with the implementation of the
six selected human factors program plan elements involved composing a
Questionnaire that addressed the effects of the results of the plan elements on
human performance improvement, selecting a panel of knowledgeable staff to
evaluate the questionnafre, and using the questionnaire results to perform
sensitivity studies on two risk assessments, Oconee and Grand Gulf RSSMAP
assessments. Results include quantitative risk changes related to the various
plan elements. This methodology and the results are discussed in the following
subsections.,

2.1  MEIHOOQLOGY

The methodology used in quantifying the risk changes associated with the
implementation of the human factors program plan elements involves the following
five steps:

composing the questionnafre

selecting the staff panel

evaluating the questionnaire

compiling questionnaire results

using risk assessments to calculate risk changes

2.1.1 Composing the Questionnaire

The first risk-related step taken in guantitatively prioritizing the six
plan elements to be evaluated was to compose a questionnaire to be given to a
panel of staff. The questionnafre that was finally evaluated by the whole panel
fs duplicated in Appendix B. The panel of staff was asked to assess the direct
and indirect effects of the implementation of these plan elements on human
performance improvement. The direct and indirect effects can be understood
better by consicering the {1lustration in Figure 2.1.

In Figure 2.1, the largest circle represents the total risk related to
operation of an NPP, The second largest circle represents the part of the total
risk that fs related to human factors., Within the human factors risk circle is
a third largest circle that repre.snts the total human factors risk minus the
human factors risk related to maintenance. Within this third largest circle are
two smaller circles that overlap one another. Each of the overlapping circles
has a crosshatched area. This crosshatched area, which 1ncludes the overlap,
represents the direct effect of a human factors element on improvement of human
performance. The direct effect 1s that part of the human factors element that
can cause an improvement of human performance. The crosshatched area does not
f111 the entire circle because 1t 1s believed that human error in any human
factors element area can not be completely eliminated. The overlapped portion
of the crosshatched circles 1s representative of the indirect effect of other
human factors elements that are interrelated.
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All Risk

Human Factors

Human Factors Risk
Minus Maintenance
Related Risk

Indirect Effect
{Overlap)

Direct Effect

EIGURE 2.1 Illustraticn of the Levels of Human Factors Risk

2.1.2 Selecting Staff Panel

The staff selected to be on the panel consisted of personnel who either
have been or are involvec in one or more of NRC's human factors grojects or who
have background ir nuclear reactor research and human factors research. The
pane! was composec of staff from the PNL and the Human Affairs Research Center
(HARC). The staff selected heve educational backgrounds in nuciear engineering,
industrial engineering, physics, psvchology, human factors engineering, business
administration, and chemical engineering. They also have practical experience
related te nuclear submarines, human factors design criteria for NPP control
rooms, NPP gperator license examinatiocn, NPP emergency preparedness, development
of guicelines for writing emergency operating procedures, utility management and
organization design, and control room design for NPP and 11iqueried natural gas
plants. Names of those staff who were selected to be on the panel and who
evaluated the questionnaire (in Appendix B) are given in Appendix C.

2.1.3 Rxaluating Questicnnaire

The pane] staff were asked to (1) assess the direct effects of resolution
of each of the six plan elements on improving human performance at NPPs,
(2) assess how much reductfon in human error would be expected 1f resoluticns to
each of the six plan elements were implemented and (3) assess the indirect
effects or the extent to which any five element areas affected the sixth element
area. Assessment of the indirect effects involved a seventh area titled "OTHER"
(in the guestionnaire) that was intended to provice an opportunity for
expressing that efther areas other than the five listed affected the sixth area
or that there was a portion of the sixth area that was independent of all other
indirect effects. This approach basically allowed each panel part’cipant to
form his own mode]l of the interactions of the various elements on one another
and ultimately on improvement {in human performance.
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2.1.4 Compiling Questionnaire Results

In attempting to model the overlaps that exist between the six human
factors program plan elements, four approaches were assessed, Each of these
approaches accounts for overlaps by compiling the questionnaire results in a
gifferent way. These approaches were not the only possible approaches, but were
belfeved to cover the range of overlap affects. No one approach is believed to
accurately model the real overlap that exists between the various plen elements.
The first approach simply considered that there were no overlaps among elements,
The second approach consicered that all overleps of other elements (on the first
element) were removed from the first element and then all overlaps (of the first
element) on the other elrments were added to the remaining direct effect of the
first element. The third approach consicered overlap removal and addition based
on an initial orcer of implementation. The fourih approach consicered overlap
removal and addition based on the most incrementally efficient order of
implementation. The reevaluation occurred after each element was fmplemented.
These four approaches were intended to consicer the various ways that element
overlaps can be accounted for and how these ways affect improvement of human
performance assessments. The four approaches are discussed in more detail in
the following paragraphs.

The first approach, Approach l, averaged the direct effects data from the
respondents to the questionnaire. Approach A does not consicer the interacticns
or overlaps between the various plan elements. This approach will under or
overestimate the effect of individual WFPP elements depending on the relative
independence of the activities. For example, training benefits woula be
underestimatec because of the ability to modify the course content to reflect
results of other MFPP elements. This method also overestimates the effect of
not implementing an element because any overlaps are assumed lost.

The second approach, Approach 2, 1s based on the assumption that the
"OTHER" category, as described in the questionnaire on page B.4 (Appendix B),
under indirect effects was a measure cf the independence of the HFPP element.
This mode! quantifies the portion of public risk reduction that woulc be lost If
a single element were eliminated from the HFPP, A1l indirect benefits of the
eliminated elements would show up under other elements. Approach 2 invelved
multiplying the direct effect of an element by its related "OTHER" category to
determine the element's independent direct effect. Then the indirect effect of
element 1 on the other five element areas was added, For example, consider the
examples given in the questionnaire (see Appendix B). The direct effect of
PROCEDURES on improvement of human performance 1s 25 points out of 100. The
"OTHER" area related to PROCEDURES was 20 points out of 100. Thus PROCEDURES
independent direct effect is calculated to be 25x(20/100)=5. Then the indirect
effects of PROCEDURES on the other five element areas would be added to the
PROCEDURES independent direct effect (5). Approach 2 determines each element's
total independent effect on improving human performance but fs limited by the
fact that the indirect effect of element 1 on element 2 lrplicitly assumes that
element 1 1s implemented before element 2. This may not be the case.
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The remaining two models postulate an order of implementation to calculate
incremental HFPP element benefits. Even if the elements are not completed
sequentially, these models provice insights on allocation of resources. These
models are of the type that could be useful in the periodic review of funding
allocations and reassessment of remaining benefits.

The third approach, Approach 3, assumes an order of implementaticn based on
the direct effects ranking of the six element areas. The element that ranked
hichest is assumed to be implementec first. To calculate the value of the first
element, indirect effects of the element on the other five elements were added
to the direct effect of the first element. The second element implemented was
valued by adding the indirect effects of the second element on the other four
elements to the direct effect of the second element minus the indirect effect of
the first element (already implemented) on the second. This process continues
through the sixth element implemented. The value of the last element is the sum
of cirect effect of the sixth element minus all the indirect effects of other
elements on the sixth element. Approach 3 models the effect of order of
implementation of elements on the rating of the elements. This approach assumes
an inftial orcer of implementation, given by the direct effects ranking, that
does not change during the process of calculating the rating of the elements.
This approach also has the limitation that it assumes the direct effects of each
element is independent of the other elements.

The fourth approach, Approach 4, s similar to Approach 3 but it assumes a
reevaluation of the order of implementation after each element s implemented.
The next element to be implemented is selected after subtracting the indirect
effects of the implemented elements from the direct effect of unimp)emented
elements. For example, 1f the first element {s implemented first based on the
dgirect effects ranking, then the second element to be implementec is selected
based on the ranking of afrect effect of the second element minus the indirect
effect of the first element on the second. This {s then compared to the direct
effect of the third element minus the indirect effect of the first element on
the third element and so on. Approach 4 is similar to Approach 3 because it
models the effect of order of famplementation of elements on the rating of the
elements. Approach 4 differs from Approach C because 1t models the potential
for the order of implementation to change from the initial order when the
remaining elements are reevaluated after each element is fmplemented. Approach
D also has the 1imitation that 1t assumes the direct effects of each element fis
independent of the other elements,

2.1.5 Jaing Risk Assessments to Calculate Risk Changes

The questionnaire results that were used to calculate risk changes using
the Oconee and Grand Gulf RSSMAP risk assessments were the overall reduction in
human error that was judged to be acheiveable by implementing all six of the
elements and the compfled ratings of the six elements according to efther
Approach 1, 2, 3, or 4. The overall reduction fn human error value was applied
to all operator error parameters in the Oconee and Grand Gulf risk assessments
and the resulting risk change was calculated. For example, an overall
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reduction in human error value of 10 percent would be applied to an operator
error parameter, say Z, by reducing the value of Z by 10 percent. This risk
Change value is the the total risk change expected if all six plan elements were
fmplemented. This risk change value is multiplied by the individual element
ratings to yielu individual risk changes for each element according to Approach
l» 2, 3, or 4. An assessment of the risk change from the entire HFPP is the sum
of the elements.

2.2 RISK RESULTS

The risk results are presentec in the following subsections according to
efther interim-ratings results or risk change results. The results are given
accoraing to each of the four approaches for compiling the questionnaire
results. The average overall recuction in human error based on 11 questionnaire
inputs was 59.7 percent which is rounded off to 60 percent for this analysis.
Thus whon all operator errcr terms in the Oconee and Grand Gulf risk assessments
are recuced by 60 percent the resulting risk reduction is 56 man-rem/py for
Oconee (PWR) and 43 man-rem/py for Grand Gulf (BWR). Thus 56 man-rem/py and 43
man-rem/py are the total risk reductions assumed {f all six HFPP elements were
implementec for a PWR and a BWR, respectively.

2.2.0 loterim Rating Results

The interim rating results based on the compilation of 11 questionnaire
answers according to Appr aches A, B, C, and D are presented in Table 2.1.
These rating results are given as percentage ratings, Thus each element's
percentage

rating can be applied to the totul risk reduction assumed above for & PWR or a
BWR to yfeld a risk reduction per element,

JABLE 2.1 Interim Results Based on Compiled Questionnaire Answers

RATINGS (%) BY

e MAPPROACH
SLEMENT AREAS 1 2 3 4
Staffing and Gualifications i1.1  15.9 7.9 0.9
Tratning 22,3 21.7 32.8 41.6
Licensing Examinations 11.4 10.4 3.0 6.7
Frocedures 18,6 16,1 17.1 9.0
Man-Machine Interfaces 17.7  10.9 3.4 149

Management and Orqanization 6.9 25.0 35.8 26.9
TOTAL 100.0 100.0 100.0 100.0
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2.2.2 Risk Change Results

The risk change results based on multiplying the total rick reduction
assumed for a PWR or a BWR by the interim rating results according to Approaches
1» 2, 3, and 4 are presented in Table 2.2. These risk change results are given
as man-rem/py results.

TABLE 2.2 Risk Change Results Based on Interin Rating Results

RISK REDUCTIONS (MAN-REM/FY) EBY

—_ ___APPROACH AND REACTOR TYPE
1 2 3 sl

ELEMENT AREAS PR BB PHR EaiR PMR EWR PNR EMR
Staffing and Qualifications 6.2 4.8 8.9 6.8 4.4 3.4 0.5 0.4
Training 12.5 9.6 12.2 9.3 18.4 14.1 23.317.9
Licensing Examinations €.4 4.9 5.8 4.5 1.7 1.3 3.8 2.9
Procedures 10.4 8.0 9.0 6.9 9.6 7.4 5.0 3.9
Man-Machine Interfeces 9.9 7.6 6.1 4.7 1.9 1.5 8.3 6.4
Management and Organization 10.6 8.1 14,1 10.8 20.0 15.4 15.1 11.6
TOTAL 56,0 43,0 56.1 43.0 56.0 43,1 56.0 43.1

Based on 90 PWRs with average lives of 28.8 years and 44 BWRs with average lives
?f 27.4 years, the total industry risk reduction by approach is given in
able 2.3.



R R SERRNRRN—=—=.

JABLE 2.3 Total Industry Risk Change Results

ELEMENT AREAS

RISK REDUCTIONS (MAN-REM) BY

Staffing and Qualifications
Training

Licensing Examinations
Procedures

Man-Machine Interfaces
Managema t and Organization

TOTAL

APFROACH
A B c D
2.26+04 3.1E+04 1.6E+04 1.8E+03
4.4E+04 4.3E+04 6.5E+404 8.2E+04
2.7E404 2.0E+04 6.0E+03 1.3E+04
3.7E+04 3.2E+04 3.4E+04 1.8E+04
3.5E+04 2.1E+04 6.7E+03 2.9E+04
3.26+04  5.0E404  Z.0E404  5.3E+04
2.0E+05 2.0E+05 2,0E+05 2.0E+05
2.7



3.0 HUMAN FACTORS PROGRAM PLAN COSTS

This section describes the fndustry and NRC resources and costs that were
assumed to be used in the development, implementation and operation of
resolutions to six portions of the HFPP, As in the risk analysis, maintenance
has been excluded from this assessment. Each of the six areas are discussed in
terms of the activities currently perceived as necessary for their resolution,
the effect of these activities on cost, quantification of cost, and the overlap
of each cost with other {ssues.

3.1 APPROACH

The costs associated with generic safety issues examined by PNL were used
to bound the HFPP costs. The entire safety issue program was examined to find
those with scope applicable to the human factors program. The scope of each
safety issue was then examined and assigned on a percentage basis to specific HF
Program elements. Issues impacting maintenance will be identified and a
percentage of fssue scope assigned to this factor. Any overlaps in scope were
allocated in this fashion.

The safety fssue costs for NRC and utility development, implementation, and
operation were examined and assigned to WF Program elements with the same
percentage weights determined for the scope as described above. Costs
associated with maintenance were removed.

The issues and costs were then tabu)ated by program element. This approach
will result In a total projected cost for al) unresolved safety issues
associated with each specific MF Program element.

Finally, the combined scope of all the safety issues were examined in 11ight
of the scope for the indivicual WF Program elements. If the research fgentified
was adequate given the program plans, the costs estimated above served as a
first estimate for that HF Program element. If the research proposed for the
safety fssues was less comprehensive than the HF Program element, additional
costs to cover the remaining scope were estimated.

3.2 DEEINITION OF HF PROGRAM PLAN ELEMENTS AND SCOPE

In this section, the individua) program elements are reviewed for the
purpose of defining the scope. This wil]l serve as the basis of comparison with
scope statements from the generic safety issues. Detalled ftems to be covered
by the HFPP as defined by the NRC are described for reference in Appendix A,

3.2.1 Ztaffing and Qualifications

Consideration was given under this element to (1) the numbers and functions
of the staff needed to safely perform all required plant operations and
technical support for each ocperational mode; (2) the minimum qualifications of
plant personnel, in terms of education, skill, knowledge, training, experience,
and fitness for duty; and (3) appropriate 1imits and conditions for shift work,
fncluding overtime, shift duration, and shift rotation.
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Areas of Cost lmpact

This element affects both industry and NRC costs related to staffing levels
and higher costs for some existing positions due to increased qualifications.
Other costs will be incurred in the developrent of criteria and models,
performing assessments of the current needs for improvement and implementa . fon
of changes. This area i: believed to have some potential for improvement in
plant availability through the mitigation of plant transients pricr to scram.
Improvements in worker efficiency are also possible through the rigorous use of
Job Task Analysis. However, it is anticipated that this ftem will incur
adgitional costs for industry and the NRC.

3.2.2 Iraining

The Nuclear Waste Policy Act of 1982 PL 97-425 (Section 306), directs the
NRC to promulcate regulations and regulatory guicance for the training of
nuclear power plant personnel. Areas to be addressed include simulator training
requirements, operator requalification programs, team training, instructional
requirements for training programs, and administration of examinations. The
planned activities in this task and its end products support this act.

Areas of Lot lmpact

Implementation of this issue will require the NRC to develop new
reguletions, evaluate the value of plant-specific simulators and provice a
periodic review of training programs. Industry costs for implementation will
include additional costs for training materfals and services, a review of their
current training programs and the additfon or upgrading of plant specific
simulators. Operational costs will include simuletor operation and additional
ctaff time for attendance of training courses., This coulc require the hiring of
acditional staff. Cost savings coulc result from the avcicance of some
unplanned outages due tc appropriate operator response to transients and reduced
errors.

3.2.3. Licensing Examinations

Licensing exams for reactor operators and seniocr reactor operators will be

used to measure the operator's ability to perform the necessary tasks and
functions required tc safely operate and control commercial nuclear power
plants. Examinations and the examinaticn process will be practiced and
administered in a consistent manner by the various NRC examiners. The 1icensing
examination is to be correlated to the improved training programs.

Areas gf (ool lmpact

Costs asscciated with this issue are primarily related to the NRC, Costs
will be incurred during cevelopment of (1) new regulations, (2) a data base of
test questions, (3) examinaticn and validation strategies, (4) new examination
procecures and (5) additional training for licensing examiners. Use of
cimuletors as an examination teol will be defined. Industry costs will be
affected in the development of new training courses. These courses are to be

implemented under the Training issue.
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3.2.4 Procedures

Procedures are to be improved by: (1) developing guicelines for preparing
criterfa and evaluating emergency operating, normal operating and the other
procedures which affect plant safety, and (2) upgrading the procedures, training
the operators in their use, and inplementing the upgraded procedures.

Areas of Cost lmpact

NRC will expend resources for the development of guicelines and criterfa to
aid in implementing new procedures, fund research for the developmert of
procedure display and training techniques, anu have a contiruing program to
assess the adequacy of operator training. Industry costs will accrue to provide
technical guicance to the NRC in the development of procedure guidance,
implementation of the results and operator time for additicnal training in
off-normal events.

3.2.5 Management and Organizaticn

This task will: (1) provice the guicance and requirements to define
necessary management and organizational practices; (2) develop criteria and
relfable evaluation objectives for staff use to assess the effectiveness of
management and organfzational functions; and (3) cooperate with INFO in the
development of 2 training program for prospective plant managers and other
appropriate util ity managers.

Areas of Cost lmpact

NRC costs will be effected through review and evaluation of the INPO
efforts in this area. It is anticipated that ongoing NRC costs will be reduced
by transferring some of the responsibility for performance appraisal to INPO,
This will also recuce the utility costs over the current practice of NRC reviews
due to more efficient reviews and sharing of utility experience. Remairing NRC
reviews are a1so expected tc change in scope. This will require the NRC to
develop new assessment procedurcs and the industry to modify their approach to
the NRC reviews., Reductions 1n unschecduled outages are expected from the
implementation of this issue.

3.7.6 Man-Machine lnterface

This task will develop (1) human factors engineering guidelines for
correcting man-machine interface problems; and (2) regulatory guicance for
integrating human factors engineering into new desians and into advanced
technological improvements incorporated into existing desfans. This activity
will also provide for the preparation of evaluation tools for the next
generation of nuclear power plants and for expectec changes or upgrading of
cesigned plants in the areas of data and infurmation management and improved
annunciator systems,
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Areas of Cost lmpact

NRC costs will cover the evaluation of additfonal guidance to cover design
of local control centers and clarification of near-term control room changes
covered under previous guicance. Industry will have costs associated with
implementation of these guidelines through equipment modifications, additional
training, and maintenance. The NRC will also incur costs associated with the
evaluation of new technologies for application to existing and future plants.

In this section, the generic safety issues fdentiffed by PNL as being
associated with the HFPP will be fdentified. ‘hefr indivicual costs and
overlaps with other program elements will be used as the method for bounding the
scope and cost of the HFPP,

3.3.1 Jldentification of Generic Safety lssues

The safety issues fgentifed as being related to this program are shown in
Table 3.1. These issues were examined to determine which program element
applies. Estimates were then made as to the percentage of scope and cos® that
fs related to each element of the current HFPP,

JABLE 3.1. Safety lssues Associated with Human Factors Frogram

Operating Personne) and Staffing: Long-Term Upgrades
Tratning and Qualifications of Operating Personnel

1.4
2.2
2.4 NRR Participation in Inspector Training
2.6(4) Long-Term Upgrade of Training and
Qualifications (Training Workshops)
2.6(6) Nuclear Power Fundamentals for Operator
Training
(1-3,5) Simulators
Accreditation of Training Institutions

A.2.6

A.2.7

A.3.2 Operator Licensing Program Changes

A.3.3 Requirements for Operator Fitness

A.3.4 Licensing of Additional Cperations Personnel
A4.2 Long=Term Training Simulator Upgrade

B.1.1

(5=7)  Management for Operations: Organization and
Management of Long-Term Improvements

Long=Term Frogram Plan for Upgrading Procedures

II.J-3 .1'2

Confirmatory Analysis of Selected Transients

Safety System Status Monitoring

Control Room Desfan Standard

Contrul Room Design: Improved Control Room
Instrumentation Research

Organization and Staffing to Oversee Desian
and Construction, Issue Regulatory Guide

3.4
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! 3.3.2 QDiscussion of Safety Issue Scope and Costs

The scope and major cost contributors to each issue are discussed in this
section.

3.3.2.1 dssue 1.A.l.4 Operator and Staffing: Long-Term Upgrades

This fssue 1s considered resolved with no further significant associated
| costs.

3.3.2.2 Mummmmmnmunm
Esrsonnel

This fssue deals with the periodic review of licensed and auxiliary
operators, tecnhnicians, maintenance personnel, and supervisors. Based on the
testing results, the justification for no need of further training is documented
: or the training and qualifications are upgraded as required.

The HFPP glements that apply and the cegree to which they apply to this

fssuve are Tratning (25 percent), Staffing and Qualifications (50 percent), and |
Licensing (25 percent).

The scope fncludes maintenance and technician testing, so 1t will be

assumec that only 50 percent of the costs faentified below are applicable to the
HF Program,

Costs

NRC costs for development and implementation were established to be 0.55

] man-yrs for each, or $55K each. Ongoing costs were established at 1 ran=-yr per
year, or $100K/yr for a total of $2.8M after 20.3 years,

Industry fmplementation costs were estimated to be $335K/plant, which gives

, $45M for 134 plants, Ongeing costs were estab)ished at $160K/py, which gives
$21.4MW/yr and $607M after 28.3 years,

| 3.3.2.3 dasue LA2.4 NRR Participatiun in Inspector Training

: This TMI actfon ftem wou'd have IE fnspector trafning augmented with fnput
from NRR personnel familiar with operator licensing an¢ human factors problems.

This fssue 1nvolves the fnput of *uman factors research, but the inspection
process fs aimac at plant hardware and routine practices as well as emergency
procecures. Thus, a large portion of the benefit from this 1ssue will not be
directec towards the operator. It wi'l be assumed here that 30 percent of the
scope/costs cdiscussec below will be arsocfated with the WF program.

This fssue fe assumed here to be 100 percent associated with the Training
program element,
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Costs

Industry costs for implementation of this issue are associated with actions
of the 1E inspector. These were estimated by PNL at $250K/reactor for the first
year, for a total of $33.5M for 134 plants. Ongoing costs were estimated to be
$100K/py» giving $13.4M/yr for a total of $380M for 134 plants over 28.3 years.

NRC development and implementation costs were estimated to be one man-yr,
or $100K. This is assumed to be equally divided. Ongoing NRC costs were
estimated to be 67 man-weeks per year, or $152k/yr. For 28.3 years this gives
$4.3M,

3.3.7.4 lssue 1.A.2.6(4) Long-Term Upgrading of Training and
Qualifications: Training Worksheps

The intent of this issue is to conduct seminar-type workshops to exchange
information between the NRC and licensed utility staff. This weulcd assist in
improving operator performance.

1f additicna) staff such as maintenance personnel are licensed, they may
take advantage of the same workshop approach to share information., However, the
original intent of this fssue was directed at operators. For now, it will be
assumed that 100 percent of the scope/costs discussed below apply to the HF
program.

The {rsue deals entirely with upgrading the performance of ex sting staff,
and presents no new qualifications or criteria for new hires. As a result, this
issue 1e thought tc be 100 percent related to the Training program element.

Costs

For costs, PNL estimated $1E+05 or 1 man-yr for issue development by the
NRC, and an additional $2E+05 or 2 man-years for implementatiun. Annual! costs
were put at $3E+05. For the remaining 28.3 year lifetime assumed: this gave a
total of $8.5E+06.

For industry, one man-month per plant, or $8300/plant was assumed for
implementation. For 134 plants, this gave $1.1M. Ongoing costs were estimated
+o be put at one man-month per plant per year, or $1.1M per year, Again for
78.3 years this gave a total ongoing cost of 332M.

3.3.2.5 lssue 1.A.2.6(6) Llong-Term Upgrading of Iraining and
Qualifications: Nuclear Power Fundamentals for Querator
Jraining

This TMI action ftem calls for the NRR to establish definitive
instructional requirements for inclusicn in reactor operator training courses.
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This issue was seen to have no safety benefit, and NUREG 0933 carries it as a
drop item. Therefore, costs for this issue were not included for the HFPP,

3.3.2.6  lssue L.A.2,601,2,2,5) Long-Term Upgrading of Training
ane Qualifications: Simulators

This TMI action ftem calls for the upgrading of training through the use of
simulators in training, requalification, and testing. This acticn is assumed to
provice a major enhancement of training and requalification for reactor
operators.,

This issue deals with operators, so the scope/costs d¢iscussed below are
assumed to apply 100 percent to the HF program.

This issue thus deals primarily with the training of existing operator
staff at utflities. As the role of simulétors becomes the industry requirement,
ft will 1ikely play a sicnificant role in defining licensing requirements. The
requalification program will also likely define simuletor time requfrements for
staff qualification.

The HFPP elements that apply and the degree to which they apply to this
fssue are Tratning (70 percent), Licensing (10 percent), Procedures (10
percent), Qualification (5 percent), and Man-Machine Interface 5 percent).

Costs

Utility costs were estimated by PNL to represent a major effort for
implementation at an average of 12 man-years per plant, or $160M. On ing costs
were established at 3.46 man-years per plant year, or $346K/py, plus $160K/py 1n
acditional simulator time, giving a total of $506K/py. For 134 reactors this
ylelas 367.8M/yr, and for 28.3 years, gives a total for ongoing costs of $1920M,

For KRC. NUREG-0660 put the effort at 5.4 man-yrs and $259K. Much of this
s completed, but PNL estimated the remairing time and cost requirements at 4.5
man-yrs and 3100K diviced between development and implementation. This gives
$0.550M, or approximately $0.28M each.

For ongoing costs, 1t was assumed that the NRC would perform annual reviews
and inspections plus conduct a portion of the requalification examinations.
This effcrt was estimated to require 14.2 man-yrs per year, or $1.4M/yr, for a
total ongoing cost of $40M

3.3.2.7 Jlasue LAZ.7 Accreditation of Training Institutions

This TMI action plan seeks to ensure consistently nigh qualfty training by
establishing a means and system for accrecitation of institutions and programs
that proviue training for reactor operators,

Participation fn such schools or programs will most 11kely be used for

meeting NRC staffing experience requirements. Thus, formation of this system
will require fnteractfon with the Gualifications element., Interaction with the
Licensing element will also be required to some degree. However, the primary
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thrust of this issue is directed towards ensuring the technical merit of the
training programs in question. The bulk of the work is thus expected to be
directed towards the Training element.

This issue deals with operators, so the scope/costs discussed below are
assumed to apply 100 percent to the HF Program.

The effect of this issue is thus estimated here to be split 80 percent to
Training, and 10 percent each to Qualifications and Licensing.

Costs

The industry cost to implement the fssue wa; estimated Dy PNL to be $300K

per reactor, for a total of $36M for 121 reactors. The ongoing operation and
maintenance costs were estimatec to be $100K per plant per year. This gives a
total ongoing cost of $12.1M/yr or $340M after 28.3 years.

The cost for NRC development and implementation was established as $250K
each, for a total cf $500K. The annual cngoing cost was estimated to be one
man-yeur, or $100K, for a total of $2.8M over 28.3 years.

3.3.2.8 lssue L.A3.2 Operator Licensing Program Changes

This issue 1s considered to be resolved, with no significant future costs
associated with it.

3.3.2.9 lssue l.AJ3.3 Requirements ‘or Operator Fitness

This tssue woulc implement background searches and psycholegical
assessments for operators before hiring, and behavioral observations after
hiring. This woule Inciude screening for “rug and alcohol abuse and criminal
tackgrounc,

This issue is 100 percent related to the KF program.

The Qualifications program elements will have the primary effect on this
issue, but the Licensing element will also have some impact. It was assumed
that the split for this fssue was Qualifications (90 percent) and Licensing (10
percent) .

Losts

The NRC cost for development and implementation was estimated to be 1.5
man-yrs, or $150K each, Ongoing costs were established as 1 mar-week/py» giving
$300K/yr and $8.6M after 28.3 years.

Industry implementation costs were put 2t $140K for existing plants and

$590K for new plants, giving $47M, Ongoing costs were put at 3300K/py» giving
$40.2M/yr and & total of $1140M over 28.3 years.
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3.3.2.10 MWWMW

This fssue would seek lTicensing requirements for managers, engineers,
technicians, etc. This is consicered to require a majcer effort on the part of
the NRC to develop and implement requirements and requlations. Implementation
will require issuing a REG Guice. The industry cost for implementing the
requirements is similar to NRC costs. The operaticnal costs are also very high,

This issue represents a major effort to license personnel associated with
plant operations and maintenance, which are outside the scope of this program.
It will be assumed here that only 25 percent of the scope/costs discussed below
apply here.

This issue impacts Licensing primarily, but also impacts Qualifications and
to some extent Management and Organization by requiring 1ine management to be
1icensed personnel,

It will be assumec here that the HFPP elements germane to this issue are
Licensing (70 percent), Qualifications (20 percent), and Organization (10
percent) .

Costs

NRC costs to develop this issue were estimated to be $30M. Impiementation
was es abl.shed as $5M. No estimate of staff time required was made. Ongo1ing
costs were estimated to be 50 man-yrs per year, plus $7500/py travel and
publication costs, giving $6M/yr and a total ongoing cost of $170M over 28.3
years,

Industry costs for implementation were established as $35M. Ongoing costs
were estimated to be $50K/py, or $6.7M/yr and $190M over 28.3 years,

3.3.2.11 lssue L.A.4.2 Long Term Training Simulator Upgrade

This issue deals with the long term upgrade of simulators in tems of
research t= 1) improve the use of simulators, 2) develop gufcance on the need
for and nature of operator actions, and 3) qather data on ‘perator performance.

This issue deals with operators, so 100 percent of the scope/costs
discussed below are assumed to apply to the HF program,

This fssue deals somewhat with training, but does not really affect current
or proposec near-term simuletor reqirements. It is 1ikely that some work on
future control room requirements wil) develop out of training experifences and
recommendations. The PNL analysis of this fssue assumed that this fssue dealt
primarily with upgrading the realism of simulators to make the simulators more
sfte specifi- in nature. This fssue is thought to be primarily directed towards
a better definition of the role of the operator with respect to plant controls
and the need for site-specific simulators. Thus, 1t impacts on the Man~Machine
Interface program element. This work will have to be integrated to some extent
with plant procedures 1f the need for site specific control-room simulators fs
to be defined,
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Because of the long term aspects of the issue, it will be assumed that this
contributes 25 percent to Man Machine Interfaces, 25 percent to Procedures, and
50 percent to Training.

Costs

Industry costs for implementation of this issue were assumed to require 62
new simulators spread over 134 reactors, giving a capital cost of $3.2M/reactor
and 3.2 man-yrs/reactor for new training. This total 1z $470M. Ongoing utility
costs were established as 1.4 man-yrs per reactor/year or $18.8M/yr for a total
of $530M.

No developmental NRC costs were estimated. Implementation costs were
estimated at one NRC staff-yr, and $1M contractor effort, plus 248 man-weeks for
confirmatory site reviews. This yfelds 6.6 man-years plus $1M, or $1.7M
implementation cost. Ongoing annual costs are estimated to be 124 man-weeks/yr
for site review, or $0.28M/yr for 28.3 years giving a total ongoing cost of $8M.

3,3.2.12 lssue 1.B.1.1(5-7) Management for Qperationsi
Qrganization and Management of Long-Term Improvements

The oricinal stated objective of this TMI action item was to improve plant
groups responsible for raciation protection and operation. This included
staffing size, education, experience, etc.

Because of the overlap of this issue in training and qualifications with
other issues, the scope of 1.B.1(5-7) was modified by PNL to consicer long range
improvements to utility management and organization during plant desian,
construction, startup, and operation. Thic fssue st111 however has some
recognized overlap with other program areas, primarily Staffing and
Qualifications, and Training.

Approximately 60 percent of industry costs associated with this fssue deal
with maintenance. As a result, 1t will be assumed that only 40 percent of the
scope/costs discussed below apply to the HF program.

It will be assumed here that this fssue impacts the following HFPP
elements: Management (60 percent), Procedures (15 percent), Staffing (10
percent), Training (10 percent), and Licensing (5 percent).

Costs

PML estimates significant cost savings will result from this issue because
of increased plant availability. A discussion of these costs is provided in
Section 3.5. NUREG 0933 estimated a major NRC effort of 22 man-yrs to develop a
regulatory position on management and organization, and 2 man-yrs to fmplement
the new regulatory guices and & man-month/plant to review the ifnitfal management
and organization plan for each of 134 plants. These totals are $2.2M and 35.6M,
respectively.



One-half man-month per plant year was estimated for ongoing costs, giving
$0.56M/yr and a total of $15.8M after 28.3 years.

Industry costs for implementation were estimated from NUREG 0933 to be 2.75
man-years/plant giving $275K/plant for the 134 plants giving $37M,

For utility operating costs, NUREG 0933 estimates an average 7 man-years
per plant including maintenance, or $700K/py would be required, giving $93.8M/yr
and a total of $2655M after 28.3 years.

3.3.2.13 lssue 1.C.9 Long Term Program Plan for Upgrading of
Frocedures

This TMI action item calls for a major effcrt to improve and coorcinate
plant procedures. This would include integrating and expanding on current
efforts.

This issue 1s directed primarily at emergency procedures for plant
operators, so 100 percent of the scope/cost discussion below is assumed to apply
to the HF program.

This issue deals primarily with procedures, but will have obvious impacts
on operator training and licensing requirements. It will be assumed that the
program impact is diviced with 15 percent applied to Training, 15 percent to
Licensing, and 70 percent to Procedures.

Costs

The PNL estimate for utility implementation of this issue was estimated to
be 5 man-yrs per reactor. At $500K per reactor, the total implementation cost
for 134 reactors comes to $67M. Continuing costs were established as 1
man-yr/reactor-year, giving $13.4M/yr and a total of $379M after 28.2 years.

For NRC development and implementation, NUREG-0660 estimates 4.9 man-yrs of
NRC staff time. PNL increased this effort to $1.5M with no direct estimate of
staff requirements due to the likely use of contractors. The costs and staff
time will be split here between development ($1.0M) and implementation ($500K),
with the 4.9 man-yr NRC staff time estimate still used and split evenly between
development and implementation. Ongoing NRC review of procedures was estimated
to be 2.5 man-yrs per year, which comes to $7.1M after 28.3 years.

3.3.2.14 lasue L.CA(4) Short-Term Accident Analysis and Procedures
Bevision: Confirmatory Analysis of Selected Transients

This TMI action item seeks to perform confirmatory analyses of selected
transients by NRR, providing a basis for comparison with methods used by
vendors. The object of this is to improve the quality of procedures, and to
ensure that the operator and staff actions are correct.



This issue {s assumed to apply 100 percent to the HF program in the
scope/cost discussions below.

This issue is assumed to contribute primarily to the Procedures program
area. However, results from this study will also provice input into Operator
Training and Licensing requirements to some degree. It will be assumed here
that this issue contribtutes 70 percent to Procedures, 15 percent to Training,
and 15 percent to Licensing.

Costs

Development costs to the NRC were estimated by PNL to be 0.5 man-yrs per
transient for 32 transients, which comes to 16 man-yrs and $1.04. Computer time
would raise this to approximately $1.8M. The split between NRC staff time and
contractors is not given. Implementation costs were estimatec *o be 1.1
man-yrs, or $110K. Ongoing costs were established as 0.5 man-yrs per year.

This gives $50K/yr and $1.4M after 28.3 vears.

Industry costs for implementation were estimated to be 30 man-weeks per
plant, or $5.1M for 134 plants. Ongoing costs were established as 7
man-weeks/gv, or $2.1M/yr for 134 plants, and $60M after 28.3 years.

3.3.2.15 lssye I1.D.3 Safety System Status Monitoring

This issue will stugy the need for utilities to implement an automatic
status monitoring system. This issue s seen to go beyond Reg Guice 1.47, and
would involve backfitting 71 operating plants.

This issue deais with operators, so the scope/costs discussed below are
assumec to apply 100 percent to the HF program.

This fssue is assumed to contribute 80 percent to Man-Machine Interface, 10
percent to Training, and 10 percent to Procedures, as it will play an important
role in operater interactions and simulator trafning for accicent analysis.

Costs

Industry implementation costs were estimated to be $761K/plant for 71
existing plants, or $54M,

Ongoing industry costs were established as 1 man-week/py, giving $0.16M/yr
for 71 plants, and $4.3M after the average remaining life of 26.9 years.

NRC costs for development were estimated to be 0.5 man-yrs, or $50K.

Implementation costs were establishec as 4 man-weeks/plant, or 284 man-weeks and
$0.6M,
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Ongoing operational costs were estimated to be 0.5 man-weeks/py, or $80K/yr
for 71 plants and a total ongoing cost of $2.2M after 26.9 years.

3.3.2.16 lssue 1.D.4 Coontrgl Room Design Standard

The purpose of this fssue is to develop guicance on the design of control
rooms to incorporate human factors. Contrcl rooms would then be constructed in
accorcance with a regulatory guide.

This issue deals with operators, and so the scope/costs discussec below are
assumed to apply 100 percent to the HF program.

Dealing primarily with design standards, this issue will be assumed to
contribute 80 percent to Man Machine Interface, and 10 percent to Training and
Procedures.

Cost

For plants completed after 1986 and before 1990, utility implementation of
this fssue was assumed to cost $100K per plant. For 10 plants, this is $1.0M.
No additional ongoing costs were icentified.

For the NRC, $300K was estimated for development, and 4 man-weeks/plant or
$G1K for implementation for the 10 plants. Nc additional operation and
maintenance costs were estimated.

3.3.2.17 lssue 1.D.5(3-5) Control Room Design: Improved Control Room
Anstrugpentation Research

The objective of this issue is to develop new instrumentation and advanced
diagnostics to improve the ability of the operator to prevent and cope with
accigents.

This issue deals with operators, so the scope/costs discussed below are
assumed to apply 100 percent to the HF program.

This issue stil] deals with Man-Machine Interface, but also introduces

accident analysis and operator training to a small extent as with the previous
issues. It will be assumed here that this issue is 80 percent Man-Machine
Interface, and 10 percent Training and Procedures.

Costs

Industry implementation costs were estimated to be $2M/plant for 134 plants
to cover the cost of advanced diagnostic and surveillance systems for a total of
$268M.

Ongoing utility costs are established as 10 man-weeks/py, or $3M/yr and
$86M after 28.3 years.



Note that the PNL analysis estimated a cost savings due tc reduced down
time of $184K per PWR plant year and $211K per BWR plant year for a total
savings of §732M over 28.3 years.

Based on NRC costs for diagnostics, surveillance, and vessel liquid level
systems in FYE3, PNL estimated the NRC development costs at $1.98M,

Implementation costs for only the 71 operating plants were estimated to be
4 man-weeks per plant, or $645K,

No acditional ongoing costs were estimated.

3.3.2.18 lssue 11.J.3.1-2 Organization and Staffing to Oversee Design
and Construction

This fssue is addressed as part of Issue I.B.1.1 and, therefore, not
considered separately here.

This issue is addressed as part of Issue I.B.l.l1 and, therefore, not
consicered separately here.

3.3.3 3Scope of Sefety Issues by Dominant Human Factors Program £lement

The generic safety issues presented above can now be categorizec by their
rocle in the Human Factors Frogram. Based on the scope discussions presented
above, the issues are shown in Table 3.2.

The percentage HF figure again gives the overall estimate cf scope overlap
with the Human Factors Frogram. That fracticn fs then diviced as shown with the
estimates for scope overlap with the indivicual picgram elements.

The issues are listec under the HF program element with the largest common
scope overlap.

IABLE 3.2, Allocation of Safety Issues Impact to Human Factors Program

—% of Scope
Issue Title H SQT LE P M0 MMI
STAFFING AND QUALIFICATIONS (SQ)
I.A.1.4 Operating Personnel and Staffing: - 0 000 0 O
Long Term Upgrades (Resolved)
I.A.2.2 Training ancd Qualifications of Operating 50 502525 0 0 O
Personnel ,
I.A.3.3 Requirements for Operator Fitness 100 99 010 0 0 O
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TABLE 3.2, (Continued)

& 3cope

Issue Title SH SQT LE PMO MMI

IRAINING (T)

1.A.2.6(4) Long-Term Upgrace of Training and 100 01000 0 0 O
Qualifications (Training Workshops)

I1.A.2.6(6) Nuclear Power Fundamentals for - 0 00 0COCO
Operator Training (Resolved)

I.A.2.6(1.2,3,5) Simulators 100 5701010 0 5

1.A.2.7 Accrecditaticn of Training 100 1080 10 0 0 O
Institutions

I.A.2.4 NRR Participation in Inspector 30 01000 0 0 O
Training

1.A.4.2 Long-Term Training Simulator 100 05 025 025
Upgrade

I.A.3.4 Licensing of Additional Cperaticns 25 20 070 010 ©

Personnel

1.A.3.2 Operator Licensing Program Changes (Resclved) - 0 0 0 0 0 ©

PROCEDURES (P)

1.C.9 Long=Term Program Plan for Upgrading 100 0151570 0 O

Procedures

I.C.1(4) Confirmatory Analysis of Selected Transients 100 0151570 0 0

1.B.1.1(5-7) Management for Operations: 40 1010 51560 O
Organization and Management
of Long-Term Improvements

11.J.3.1711.J.3.2 Organization and Staffing to - ® = = = = =
Oversee Desfcn and Construction(@)

O Safety System Status Monitoring 100 010 010 0O &0

1.0.4 Control Room Design Standard 100 010 010 0 80

1.0.5(3-5) Control Room Design: Improved Control Room 100 010 010 0 80

Instrumentation Research

(a) Note the overlap discussion in Section 3.3.2.18.

3.3.4 Scope Adjustment

Finally, the scope of these combined safety issues was examined to see 1f
they gave a comprehensive coverage of the stated goals of the indivicual Human
Factors program elements. The possibility of duplication of effort among issues

must also be considered.



As a first estimate, it was judged that the safety issues do in fact give a
sufficient coverage of scope so that costs will be representative for the
Staffing and Qualification, Training, Licensing Examination, and Man-Machine
Interface program elements. Excessive overlap between {ssues was not readily
apparent.

The Procedures element was covered by only two fssues, However, its role
in further development with training, anqg especially advanced control room
design (MMI) was recognized. As a first estimate, the values in Table 3.2 will
be used.

The Management and Organization element was Judged to be lacking in
coverage of scope as representec by the safety issues. Issue 11.J.3.1
especially hac no input to this program, however an issue coulc be drafted along
similar 1ines to ensure consicderation of human factors associated problems in
management circles during stages of design, construction, and modification. An
approach similar to 1.A.3.3 which involves NRR human factors input to IE
inspector trafning coulc also be applied to the training of engineers uncergoing
training to oversee desfgn and construction. These engineers would then play a
strong management role after construction, as with Issue 11.J.3.1. This area
has also been recently recognized as one where substantial committment and
improvement on the part of utilities may be needed. As a result of this, it
will be assumed that the costs fcentified by Issue 11.J.3.1 will also be
included here as representative of a similar type of program for fincreasing
management awareness of human factors requirements in their organizational
structure.

3.4 CORRELATION OF GENERIC SAFETY ISSUE COSTS TO MF PROGRAM PLAN

In this secticn, the correlation between generic safety issue and program
element costs is tabulated.

3.4.1 Generic Safety Issue Costs

The raw data given earlier for safety fssue cost is gathered in the
following two tables for NRC and utility costs. These costs include
development, implementation, and ongoing operational costs throughout the
remainder of the affected plant 1ifetimes.

Note again that not all of these safety fssues apply 100 percent in scope
to the Human Factors Program. The costs were adjusted below to reflect this.
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Total NRC Generic Safety Issue Cost Requirements
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IABLE 3.4, Utility Generic Safety Issue Cost Requirements
Implementation Op & Maintenance
Issue .M $yr.M  Total.M
I1.A.1.4 0 0 0
1.A.2.2 45 21.4 607
1.A.2.4 33.5 13.4 380
1.A.2.6(4) o | Xed 32
1.A.2.6(6) 0 0 0
I1.A.2.6(1-3,5) 160 67.8 1920
I.A.2.7 36 12.1 340
I1.A.3.2 0 0 0
I.A.3.3 47 40.2 1140
E: 3N 35 6.7 190
1.A.4.2 470 18.8 530
1080101(5'7) 37 93.8 2655
1.C.1(4) 9.1 2.1 60
1.C.H 67.0 13.4 379
1.D.3 54 0.16 4.3
I1.D.4 1.0 0 0
1.D.5(3-5) 268 3 86
TOTAL 1263.7 294.0 8323.3

3.4.2 Estimated Cost of Humen Factors Program

Combining the results of Table 3.2 giving the assignment of scope to the
program, and Tables 3.3 and 3.4 which give estimated costs will allow a first
rough estimate of the costs associated with the Human Factors Frogcram Plan.

This has been done for both NRC and Industry costs, as given below in Tables 3.5
and 3.6.
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IABLE 3.0,

NRC Human Factors Frogram Funding Requirements

Development Implementaticn Op & Maintenance
Issue $:M _ man-yrs $:M_man-yrs  $/yr,M _ Total §.M
STAFFING AND CUALLFICATIONS
1.A.2.2 0.0138 0.1375 0.0138 0.1375 0.025 0.7
I.A.3.3 0.135 1.35 0.135 1.35 0.27 7.74
I.A.2.6(1-3,5) 0.014 0.1 0.014 0.14 0.07 2
1.A.2.7 0.025 0.25 0.025 0.25 0.01 0.28
I.A.3.4 1.5 ? 0.25 0 0.3 8.5
1.B.1.1(5-7) 0.c88 0.88 0.232 2,32 0.0224 0.632
TOTAL 1.776 2.758+7 0.670 4,198 0.697 19.85
NRC Budget
FY83 2.3 2.6
FYs4 1.2 4.2
JRAINING
1.A.2.2 0.0069 0.M€88 C.0069 0.0688 0.0125 0.35
I.A.2.6(4) 0.1 1. 0.2 2. 0.3 8.5
I1.A.2.6(1-3,5) 0.196 1.96 0.196 1.96 0.98 28
I.A.2.7 0.2 2. 0.2 2. 0.08 2.24
I.A.2.4 0.015 0.15 0.015 0.15 0.045 1.29
1.C.1{4) 0.27 2.4 0.0165 0.165 0.0075 0.21
1.B.1.1(5-7) 0.088 0.88 0.232 2.32 0.0224 0.632
1.0.3 0.005 0.05 0.064 0.64 0.0c08 0.22
1.D.4 0.03 0.3 0.009 0.09 0 0
1.0.5(3=5) 0.198 ? 0.064 0.64 0 0
I.A.4.2 0 0 0.83 3.2 0.14 4,
I.C.9 0.15 0.3675 0.075 0.3675 0.0375 1.065
TOTAL 1.259 9.176+47 1.908 13.70 1.633 46.51
NRC Budget
FY&3 1.45 4.3
Fys4 3.2 4.2



.

JABLE 3.5 (Continued)

Development Implementation Op & Maintenance
Issye =~ $M man-yrs  $.M__man-yrs ___ $/yr,M  Total $.,M
LICENSING EXAMINATIONS
1.A.2.2 0.0069 0.0688 0.0069 0.0688 0.0125 0.35 |
1.A.3.4 5.25 ? 0.875 0 1.05 29.75
1.A.3.3 0.015  0.15 0.015  0.15 0.03 0.86
I.A.2.6(1-3,5) 0.028 0.28 0.028 0.78 0.14 4
I.A.2.7 0.025 0.25 0.025 0.25 0.01 0.28
1.A.4.2 0 0 0 0 0 0
I.C.9 0.15 0.3675 0.075  0.3675 0.0375 1.065
I.C.1(&) 0.27 2.4 0.0165 0.165 0.0075 0.21
1.B.1.1(5-7) 0.044  0.44 0.116 1.16 0.0112 0.316
TOTAL 5.789  3.956+7 1.157 2.441 1.299 36.83
NRC Budget
FYE3 0.358 1.5
FYB4 0.892 2.3
EROCECURES
1.A.2.6(1,2,3,5)0.028 0.28 0.028 0.28 0.14 4
1.B.1.1(5-7) 0.132 1.32 0.348  3.48 0.33¢ 0.948
I.C.9 0.7 1.718 0.35 1.715 0.175 4.97
1.C.1(4 1.26 11.2 0.077 0.77 0.035 0.98
1.D.3 0.005 (.05 0.064 0.64 0.008 0.22
1.0.4 0.03 0.3 0.009 0.09 0 0
1.0.5(3-8" 0.198 0 0.064 0.64 0 0
1.A.4.2 0 0 0.415 1.65 0.07 2.0
TOTAL 2.353 14.87 1.355 9.265 0.462 13.12
NRC Budget
Fyes 0.752 2.4
FYe4 1.265 4.8
MANAGEMENT AND ORGANIZATION
1.B.1.1(5-7) 0.528  5.28 1.392 13.92 6.138 3.79
1.A.3.4 0.75 0 0.125 0 0.15 4,25
TOTAL 1.278 5.28 1.517 13.92 0.284 £.04
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JABLE 3.5 (Continued)

Development Implementation Op & Maintenance
lssue .M o
NRC Budget
FYs3 0.810 1.4
FY84 0.24 1.0
MAN-MACHINE INTERFACE
1.0.3 0.04 0.4 0.512 5.12 0.064 1.76
I1.0.4 0.74 2.4 0.072 0.72 0 0
1.D0.5(3-5) 1.584 0 0.512 5.12 0 0
I1.A.4.2 0 0 0.415 1.65 0.07 2
1.A.2.6(1,2,3,5)0.014 0.14 0.014 0.14 0.07 2
TOTAL 1.878 2.94 1.825 12.75 0.204 5.76
NRC Budget
FY83 3.6 7.5
FY84 2.34 3.0
TOTAL NRC
FUNDING 14.335 38.98+17 8.133 56.28 4.579 130.1
TOTAL NRC BUDGET
FY83 9.27 19.7
Fyg4 7.117  19.5

? indicates that NRC staffing requirements are not defined in PNL analysis
of the safety issue.
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TABLE 3.6. Industry Human Factors Program Funding Requirements

Implementation Op & Maintenance
lssue .M _$/yr.M  Total §$,M
STAFFING AND QUALIFICATIONS
L.A2.2 11.25 5.35 151.8
LR .3 42.3 36.18 1026
1.A.2.6(1-3,5%) 8.0 3.39 a6
1.A:2.7 3.6 1.2 34
1.A.3.4 1.75 0.335 9.5
1.B.1.1(5-7) 1.48 3.752 106.20
TOTAL 68.38 50.22 1423 .0
JRAINING
1.A.2.6(4) . | 32.
1.A.2.6(1-3,5) 112. 47 .46 1344,
T.R.2.7 28.8 9,68 22,
I.A.2.4 10.05 4,02 114,
oy 5.625 2.675 75.88
I1.C.1(4) 1.365 0.315 9.0
1.8.1.1(5-7) 1.48 3.752 106.2
1.0.3 5.4 0.016 0.43
1.D0.4 0.10 0 0
1.D.5(3=-5) 25.8 0.3 8.6
1.A.4.2 235.0 9.4 265.0
1.C.9 10.05 2.01 56 .85
TOTAL 437.8 80.73 2284.0
LICENSING EXAMINATIONS
122 5.625 2.675 75.88
1.A.3.4 6.125 1.173 33.25
1.A.3.3 4.7 4,02 114,
1.A.2.6(1=3,5) 16.0 6.78 192.
3T 3.6 1.21 34,
1.A.4.2 0 0 0
1.B.1.1(5=7) 0.74 1.876 53.1
1.C.9 10.05 2.01 56 .85
I.C.1(4) 1.365 0.315 9.0
TOTAL 48.21 20.06 568.1
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JABLE 3.6. (Continued)

Implementaticn Op & Mafntenance
Issue $.M $/yraM__Total $.M
EROCEDURES
1.A.2.6(1,2,3,5) 16.0 6.78 192.0
108.1.1(5-7) 2-22 50628 159.3
I.C.9 46.9 9.38 265.3
1.C.1(4) 6.37 1.47 42.0
1.D.3 5.4 0.016 0.43
1.D.4 0.10 0 0
1.D,5(3=-5) 26.8 0.3 8.6
I.A.4.2 117.5 4.7 132.5
TOTAL 221.3 28.27 800.1
MANAGEMENT AND ORCANIZATION
1.80101(5-7) 8'88 22'51 637'2
I.A.3.4 0.875 0.1675 4,75
TOTAL 9,755 22 .68 642.0
MAN-MACHINE INTERFACE
1.D.3 43.2 0.128 3.44
1.D.4 0.8 0 0
1.D.5(3=85) 214.4 2.4 68.8
I1.A.4.2 117.5 4.7 132.5
X.A.2-6(1n20395) 8.0 3'39 %.0
ToTAL 383.9 2 10.62 300.7
TOTAL INDUSTRY COSTS 1166.3 212.6 6018.0
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APPENDIX B

QUESTIONNAIRE RELATED TO HUMAN FACTORS PROGRAM PLAN

s T0 eliclt your
improvement
actors Program




Procedures are defined here as the sequential steps of piant operarion
necessary to maintain plant safety fuctions. These procedures should indicate
how to control upset conditions without first having to aiagnose the specific
initiating events,

Manajement and Organization is defined here as the tunctions ang
characteristics of utillty management and organization *tat wust be effective In
influencing the safe operation of an NPP. These functions include operations,
securlty, technical support, and safety review. The characteristics include
communications and administrative controls.

Man-Machine Interface |s defined here as boundary between human and
equipment. Equlpment can be elther the indication of tha status of a pliece of
equipment or the actuating devices fo affect a plece of equipment or “he piece
of equipment itself, Man-Machine Interface can ‘mvolve the design of equipment
to promcte safer performance of the man=-machine :ygstem.

Bart l: Direct Effects

Your first task Is tc divide 100 points among the six research areas
according to your assessment of The relative Impact of research in each area on
improving human performance at nuclear power piants.

For example, !f you belleve that only research in Procedures and Tralning
wiil directly improve human performance and that research on Training Is three
times more Important for Improving human performance than research on
Procedures, then you would allot 75 polnts to Training, 25 points 1O Procedures,
and 0 points to each of the other areas as shown below.

Rirect Cffects Exampie
Points
Research Areas Allotment
STAFFING & QUALIFICATION 0
TRAINING 15
_ICENSING EXAMINATIONS 0
PROCEDURES 25
MANAGEMENT 4§ NRGANIZATION 0
MAN=MACH INE INTERFACE 0

Total = 100 (Sum = 100)
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Now piease distribute the 100 points among the six areas according to your
assessment of the relative Impact of research in each area on Improving human
per formance at nuciear power plants.

Points
Research Areas Allotment
STAFFING & QUAL IFICATION .
TRAINING —
LICENSING EXAMINATIONS ——
PROCEDURES ——
MANAGEMENT & ORGANIZATION ——
MAN=MACH INE INTERFACE —
Total = (Sum = 100)

Consiger the six areas that have been discussed. |f research was performed
and the results implemented in al| of these areas at nuciear power plants, how
much reduction in human error would you expect to occur? [Remember, a 100%
reduction means a complete elimination of errors. ]

N
Bact Il: Indirect Effects

Some of the research areas can also Indirectly improve human performance.,
For exampie, Management and Organization can affect whether people use
Procedures and the use of Procedures Improves human performance, thanges in the
Licensing Examinations will affect Training, which Improves humar. per formance.
Below we ask you to consider each research area Individually and -2 judge the
extent to which the other five areas affect that area. Again, you are asked to
distribute 100 points among the areas.

B.3



Consider the example below. In this example, we are looking at the effects
of S&Q, T, LE, M0, and MMI on PROCEDURES. Because there may be casas where
areas other than the five |isted have an effect on PROCEDURES, an "Other"
category Is Included.

If you belleve that the flve research areas have no affect on PROCEDURES,
then you shou!d assign all of the 100 points to the "Other" category.

In the example below, however, S&Q and LE were belleved to have no Impact
on PROCEDURES. MM| was belleved to have twice the Impact on PROCEDURES compared
to T and M80. In addition, there were belleved to be "other™ effects on
PROCEDURES that were equal to the effects of T and M&C. Thus, the person
arrived at the point distribution shown below. '

indirect Ctfects Example

Points
Research Areas Allotment
STAFFING & QUAL IFICATION 0
TRAINING 20
LICENSING EXAMINATIONS 0
MANAGEMENT & ORGANIZATION 20
MAN=MACH INE |NTERFACE 40
OTHER 20

Total = 100 (Sum = 100)
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Effect of Research Areas on [mproving STAFFING AND QUALIF ICATIONS

Points
Research Areas Allotment
TRAINING J—
LICENSING EXAMINATIONS e—
PROCEDURES -
MANAGEMENT & ORGANIZATION ——
MAN-MACH INE INTERFACE —
OTHER —
Total = (Sum = 100)

For each research area above that recelved more than "QO" points, please
describe the Indirect effects that you had in mind.

TRAINING

LICENSING EXAMINATION

PROCEDURES

MANAGEMENT AND ORGANIZATION

MAN=MACH INE INTERFACE,

JTHER
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Effect of Research Areas on Improving TRAINING

Points
Besearch Areas Allotment

STAFFING & QUAL IFICATION —
L ICENSING EXAMINATIONS J—
PROCEDURES s
MANAGEMENT & ORGANIZATION s
MAN-MACH INE |INTERFACE J—
OTHER J—
Total = (Sum = 100)
For each rescarch area above that received more than "Q" points, please
describe the indirect effects that you had In mind.

STAFFING AND QUAL IFICATION

LICENSING EXAMINATION

PROCEDURES,

MANAGEMENT AND ORGANIZATION

MAN=MACH INE INTERFACE

OTHER
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Effect of Research Areas on Improving LICENSING EXAMINATIONS

Points
Research Areas Allotment
STAFFING & QUAL IFICATION -
TRAINING S
PROCEDURES —
MANAGEMENT & ORGANIZATION P—
MAN-MACH INE INTERFACE w—
OTHER ——
Total = (Sum = 100)

For eacn research area above that received more than "0" points, please
describe the Indirect effects that you had in mind.

STAFFING AND QUAL IFICATION

TRAINING

PROCEDURES

MANAGEMENT ANDC ORGANIZATION

MAN-MACH INE INTERFACE

OTHER
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Research Areas Allotment

STAFFING & QUAL IFICATION

TRAINING

LICENSING EXAMINATIONS

MANAGEMENT & ORGANIZATION

MAN-MACH INE INTERFACE

OTHER

Total = (Sum = 100)
For each research area above that recelved more than "0" points, please
describe the Indirect effects that you had in mind.

STAFFING AND QUAL IFICATION

TRAINING

LICENSING EXAMINATIONS

MANAGEMENT AND ORGANIZATION

MAN=-MACH INE INTERFACE__

OTHER _
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~ MAN-MACH INE INTERFACE_

Points
Research Areas Allotment
STAFFING & QUAL IFICATION a——
TRAINING —
LICENSING EXAMINATIONS J—
PROCEDURES c—
MAN-MACH INE INTERFACE R
OTHER -,
Total = (Sum = 100)

For each research area above that received more than "O" points, please
describe the indirect effects that you had in mind.

STAFFING AND QUAL IFICATION_

TRAINING

L ICENSING EXAMINATIONS

PROCEDURE S

OTHER,
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Effect of Research Areas on Improving MAN-MACHINE INTERFACE

Points
Research Areas Allotment

STAFFING & QUALIFICATION i
TRAINING PR
LICENSING EXAMINATIONS
PROCEDURES o
MANAGEMENT AND ORGANIZATION ety
OTHER
Total = (Sum = 100)
For each research area above that received more than "Q" points, please
describe the indirect effects that you had In mind.

STAFFING AND QUAL IFICATION

TRAINING

LICENSING EXAMINATIONS,

PROCEDURES

MANAGEMENT AND ORGANIZATION

OTHER
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APPENDIX C

NAMES OF THE HUMAN FACTORS STAFF PANEL

The following personnel were included on the Human Factors Staff Panel.

Pacific Northwest Laboratory

« J. Apley

. V. Badalamente
. F. Gere

. J. Pelto

. D. Widrig

Human Affairs Research Centers

Lindell
Morgenstern
Osborn
Rankin
Rideout

. Shikiar
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