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ABSTRACT

Human errors committed during maintenance activities
are potentially a major contribution to the overall risk
associated with the operation of a nuclear power plant (NPP),
An NRC-sponsored program at Oak Ridge National Laboratory
is attempting to develop a quantitative predictive techni-
que to evaluate the contribution of maintenance errors to
the overall NPP risk. The current work includes a survey
of the requirements of potential users to ascertain the
need for and content of the proposed quantitative ir.odel,
plus an initial job/task analysis to determine the scope
and applicability of various maintenance tasks. In
addition, existing human reliability prediction models
are being reviewed and assessed with respect to their
applicability to NPP maintenance tasks. This paper
discusses the status of the program and summarizes the
results to date.

INTRODUCTION

The correct and tiraely performance of routine and emergency maintenance
tasks are essential to the safe and reliable operation of a nuclear power
plant (NPP). Experience i.'ith NPP operation suggests that human error in
maintenance tasks can contribute significantly to the overall risk from plant
operation. In order tc be: able to evaluate the impact of maintenance
personnel performance on overall plant safety/reliability/availability
and to assess the effects of proposed improvements to personnel systems or
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equipment, it is desirable to have a quantitative predictive model of
performance that has been validated for use with NPP systems. Although
there are numerous human reliability models, some of which have been
validated for specific applications, no comprehensive methodology has been
validated or applied to NPP maintenance tasks.

Potential benefits of a properly validated methodology are numerous.
It would allow the many variables, both situational and idiosyncratic, to
be logically structured and related; i.e., it would give a framework for
evaluating maintenance or maintainability problems. It would provide one
means for an analyst to identify possible improvements to critical items
such as personnel selection and training, procedures, equipment design for
maintainability, etc., and to assess the likely benefit of proposed
modifications prior to their implementation. A properly structured methodology.
could also be a valuable tool for maintenance management in such tasks as
determining optimum team composition, planning for minimizing radiation
exposure, and quantitatively comparing effectiveness of alternate maintenance
schemes.

As part of its overall program to assess and reduce the risks associated
with the operation of a NPP, ':he Nuclear Regulatory Commission (NRC) has
requested Oak Ridge National Laboratory (ORNL) to define and conduct a
researcli program to develop and validate the necessary methodology required
for the quantitative prediction of NPP maintenance personnel reliability.

OVERVIEW OF THE PROGRAM

The NPP Maintenance Personnel Reliability Prediction (NPP/HPRP) effort
was initiated at ORNL during April of 1981. The effort is divided into four
distinct phases:

1) Development of a comprehensive program plan
2) Development of suggested methodology
3) Validation of the methodology
4) Dissemination of the methodology.

The primary objective of Phase 1 is to develop a comprehensive plan for
the NPP/MI'RP program based on an assessment of existing methodology, s survey
of user requirements and a pilot task analysis. Currently the program is in
Phase 1 of the effort. Activities within Phase 2 through Phase h are
contingent upon the specific program plan developed during Phase 1, and are
as yet not rigidly defined.

The program plan developed during Phase 1 will suggest the type of
methodology to be developed during Phase 2. Although some new development
may be required, it is anticipated that existing models can be adapted for
application to existing models for the NPP maintenance area. The work to be
accomplished during Phase 1 is divided into four tasks:



1) Conduct a survey of user requirements
2) Initiate a task analysis for NPP maintenance
3) Review existing methodologies
4) Prepare a comprehensive program pi* ..

These are discussed below. ORNL has contracted with Applied Psychological
Services (APS) for technical assistance in the Phase i study, and the work
is being performed by a team of ORNL and APS staff.

Task 1: Conduct a Survey of User Requirements

The long-range goal of the Maintenance Personnel Reliability Program is
to produce a comprehensive, articulated technology for assessing and predicting
the reliability of the maintenance personnel in NPPs. Such a technology, if
it is to be useful, must be fully responsive to the needs and requirements of
its ultimate users. The purpose of Task 1 is to determine from potential
users the requirements they may have from such a predictive methodology.
These requirements can then be used to determine the content and output of
the proposed mechodology.

Preliminary interviews were conducted at five NPPs in order to obtain
the information backdrop required for completing Tasks 1 and 2. Interviews
were held with maintenance supervisors, foremen, mechanics and
instrument and control (I&C) technicians at both pressurized water reactor
(PWR) and boiling water reactor (BWR) facilities.

From the results of the preliminary interviews, APS developed the content
and format of an initial survey questionnaire. For pre-testing purposes a
preliminary questionnaire was distributed to a number of PWR and BWR
facilities, vendors and individuals from SRC. Feedback fr- "' these
questionnaires was used to modify the questionnaire into its present
form. The questionnaire contains sixty-seven questions which will provide
APS with information such as the most useful types of output from the proposed
predictive methodology and the variables considered significant: in affecting
NPP maintenance.

The formal survey questionnaire was distributed at the end of August, 1981
to twenty-seven nuclear stations, twelve representatives from NRC and forty
individuals representing vendors and other interested parties. Completed
questionnaires are beginning to be returned to APS. The results of these
surveys will be integrated into a comprehensive technical report which defines
the format and the content of the predictive methodology necessary to
satisfy the stated user needs.

Tasl: 2: Initiate a Task Analysis for NPP Maintenance

The development of a human reliability prediction methodology for rii-
maintenance personnel necessarily requires a complete and thorough
specification of the activities and duties that are required for each type
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of position considered. The purpose of Task 2 is to identify critical NPP
maintenance positions and to develop methods for economically collecting
job/task analytic data for NPP maintenance tasks. A task report to be
written at the culmination of Task 2 activities will summarize the methods
and findings of this portion of the study.

Preliminary task lists were developed by APS on the basis of information
obtained during the preliminary interviews at the five NPPs described earlier.
In addition, ten NPPs were contacted in order to determine the comnonality
of maintenance job titles across various NPPs. Three positions ware selected
for the initial job/task analysis: senior maintenance mechanic, senior I&C
technician, and maintenance supervisor (eitiier mechanical or I&C). The
preliminary task lists were distributed to three NPPs in order to check for
accuracy and completeness. The preliminary task lists for Che thre* positions
were then used to formulate job analysis questionnaires (JAQs).

The JAQs list various job-related tasks and require responses with
respect to frequency of task performance, time required for task performance,
training required and the consequences of inadequate task performance. In
addition, the amount of ability with respect to seven idiosyncratic variables
is also requested. These are: 1) visual speed, accuracy and recognition;
2} gross motor control; 3) fine manual dexterity; 4) strength and stamina;
5) cognition; 6) memory; and 7) problem solving. The JAQs were distributed
to twenty-seven nuclear facilities at the end of August, and completed forris
m e nov; beginning to be returned to APS.

Task 3: Review Existing Methodologies

A review of the current literature pertaining to the prediction of human
reliability has indicated that relatively little work has been done specifically
with respect to maintenance personnel. Primarily, the work to date has been
centered in the operational phase of a system, and the models and methodologies
currently in use reflect this. In theory, many of the currently existing
methodologies employed in the operational context should be usable to analyze
maintenance tasks. The difficulty is that maintenance activities, especially
during troubleshooting, are comprised of a significant number of cognitive
processes. These internal mental processes are especially difficult to
incorporate into the formulation of a task element and provide the greatest
hinderance for applying operational phase methodologies directly in the
maintenance context.

Two general categories of human reliability techniques have been
identified: 1) analytic techniques; and 2) simulation techniques. Analytic
methods employ point estimates of the probabilities of success of various
task elements and combine them according to various schemes to obtain such
quantities as probability of successful completion or co.-npletion within the
allotted time. Early analytic models cat.e in the form of data stores such
as the AIR (American Institute for Research)* method. This technique
combined multiplicatively the probabilities of successfully completing the



various task elements associated with a particular task. The technique allowed
for modification of probabilities due to varying ergonometric conditions but
did not account for the effects of varying performance-shaping factors such as
stress. The method also did not account for the possibility of dependency
between task elements.

The Technique for Human Error Rate Prediction (THERP)2 accounts for the
non-independence of task elements by using conditional rather than independent
probabilities. These conditional probabilities are used within a fault
probability tree (FPT) to describe the system being analyzed. The technique
also allows the possibility of error correction and the effect of differing
failure consequences. Although this technique has been more widely used than
any other predictive human reliability technique, the major source of
criticism stems from the subjective nature with which performance-shaping
factors are applied in modifying the human reliability estimates. In addition
there is a significant amount of subjectivity used in developing a FPT.

The Technique for Establishing Personnel Performance Standards (TEPPS)3

accounts for task element interactions and redundancies in an explicit manner.
The technique employs primarily data obtained from subjective sources and
employs a "paired comparison" technique to develop input data. The method
to date has not been successfully validated.

Simulation techniques for human reliability prediction is the main
alternative to analytic techniques. Simulation is a dynamic representation
of the system which allows a much more authentic representation of the role
of the human operator when compared to analytic techniques. Parameters such
as stress, the occurrence of emergencies and other psychological variables
that were difficult to handle using analytic techniques are easily facilitated
using simulation techniques.

The Siegel-Wolf digital simulation technique (S-W model)1* is among the most
developed and comprehensive techniques for the digital simulation of man-machine
systems. The model easily incorporates a large spectrum of psychological
variables such as stress, interactions among crew members and team cohesiveness,
etc. Other factors considered are: 1) mission length; 2) individuality factors
among crew members; 3) stress thresholds; and A) waiting times. Inter-
dependencies between task elements are considered primarily from the standpoint
of time stress. The reliability of a task element may be modified by the
amount of stress present when execution of the task element takes place.
The model also allows different courses of action, such as the omission of
non-essential task elements by the operator during high levels of stress,
to be modeled. The S-W model has been successfully validated in a number
of applications.

Systems Analysis of Integrated Networks of Tasks (SAINT)5 is another
simulation model very similar to the S-W model. There are no distinct
advantages of either of these simulation models over the other with the
exception that SAINT was developed later than the S-W method and has improved
data input capabilities along with improved programming in some areas.



The review of existing methodologies for human reliability prediction
has indicated that with respect to the maintenance phase of a system,
relatively little work has been done. Analytic and simulation techniques
for the operational phase of a system were investigated to provide information
that would guide the development of the proposed NPP/MPRP methodology.
Presently, the NPP/MPRP methodology to be pursued has not yet been decided
upon. Preliminary evidence has indicated that because of the cognitive
nature of many of the maintenance tasks, and because of the non-independence
of many of the presently defined task elements, that a simulation model would
be the most fruitful to pursue.

Task 4: Comprehensive Program Plan

The end product of the NPP/MPRP program will be a technology for assessing
human performance reliability from the NPP maintenance point-of-view. At the
present time, the plan is leading to a carefully evolved, complex model that
may be implemented tnrough computer simulation. Details will include:
1) the sequence of steps to he followed in deriving and validating such a
model; 2) the resource requirements; 3) the time line to be followed; and
4) the end products to be anticipated at various stages of the evolutionary
cycle. The program plan is currently scheduled to be completed by January 1,
1982.

SUMMARY

The NPF/MPRP program is a comprehensive program vhat will aid NRC in
assessing and reducing the risks associated with the operation of a NPP.
The progress to date includes identification of potential users, development
and distribution of a user survey, identification of maintenance positions to
be modeled, development and distribution of a job task questionnaire, and a
literature survey of existing models and methodology.

The program plan as it is presently being pursued has the potential for
providing to the nuclear industry a thorough, comprehensive, validated
methodology for ascertaining the effects of human performance in a maintenance
context. The output of this methodology will provide information that has
long been lacking for a thorough analysis of NPP operation.
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