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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which brings
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not
necessarily members of the Institute and serve without compensation. While the IEEE administers the process
and establishes rules to promote fairness in the consensus development process, the IEEE does not independently
evaluate, test, or verify the accuracy of any of the information or the soundness of any judgments contained in its
standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a
specific purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards
documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the
viewpoint expressed at the time a standard is approved and issued is subject to change brought about through
developments in the state of the art and comments received from users of the standard. Every IEEE Standard is
subjected to review at least every five years for revision or reaffirmation, or every ten years for stabilization.
When a document is more than five years old and has not been reaffirmed, or more than ten years old and has not
been stabilized, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect
the present state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE
Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely
upon the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will
initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned
interests, it is important to ensure that any interpretation has also received the concurrence of a balance of
interests. For this reason, IEEE and the members of its societies and Standards Coordinating Committees are not
able to provide an instant response to interpretation requests except in those cases where the matter has
previously received formal consideration. A statement, written or oral, that is not processed in accordance with
the IEEE-SA Standards Board Operations Manual shall not be considered the official position of IEEE or any of
its committees and shall not be considered to be, nor be relied upon as, a formal interpretation of the IEEE. At
lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards
shall make it clear that his or her views should be considered the personal views of that individual rather than the
formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Recommendations to change the status of a stabilized standard
should include a rationale as to why a revision or withdrawal is required. Comments and recommendations on
standards, and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Insti-
tute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance
Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service,
222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any indi-
vidual standard for educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std 1082-1997, IEEE Guide for Incorporating Human Action Reliability Analysis
for Nuclear Power Generating Stations.)

Any process that requires manual control to minimize public risk will require a high level of human reliabil-
ity. This reliability can be evaluated through the systematic application of a probabilistic risk assessment
(PRA). However, such an assessment requires a detailed understanding of human factors to form a complete
reliability estimate.

The initial risk assessment made in the nuclear power plant industry, WASH-1400, recognized the need for a
discipline of human reliability analysis (HRA), systematically incorporated within the PRA enterprise. But
the methodology—both of analyzing human failure events and identifying and incorporating them appropri-
ately in the PRA—was new, incomplete, and in several ways inadequate.

The limitations of the understanding of human reliability in the mid-1970s was vividly demonstrated by the
accident at Three Mile Island (TMI). Following TMI, the Nuclear Regulatory Commission (NRC), in
conjunction with the Institute of Electrical and Electronics Engineers (IEEE), immediately called for a
conference on the human factor issues raised by TMI. This conference has become a series, the fifth of
which was held in Monterey, California, in 1992. Parallel to this activity, Subcommittee 7, Human Factors
and Control Facilities, of the Nuclear Power Engineering Committee, began discussing the standardization
of the HRA technology. The PRA/HRA interface of incorporating and performing an HRA in the context of
a PRA was recognized as the most mature of the efforts of HRA. A guide, the least mandating of the IEEE
standards documents, was approved as an IEEE standards project in 1984.

In recent years, some convergence in the ideas and methods of HRA has occurred. Most PRAs perform
HRA in a standard way, even when using approaches as diverse as the Systematic Human Action Reliability
Procedure of the Electric Power Research Institute (EPRI) and the Accident Sequence Evaluation Program
HRA method of the NRC.

This guide outlines the steps necessary to include human reliability in risk assessments. It is not its intent to
discuss the details of HRA methods, since this technology is evolving and cannot be addressed in the needed
depth in this guide. The reader is urged to review bibliography entries [B1], [B2], [B5], [B12], and [B22] for
this information. Since human error has been found to be an important contributor to risk, this guide under-
scores the systematic integration of the HRA at the earliest stages and throughout the PRA.

It is anticipated that human reliability technology will not escape controversy in the near future. This is espe-
cially true regarding the quantification of Human Error Probabilities, which is not specifically addressed in
this guide. In one sense this is a blessing, since it may ensure that the industries do not become complacent
to the contribution of people and their actions to the risk spectrum of the technology they work.

Participants

During the initial development of this guide, R. E. Hall was chair of WG7.2 and D. Schurman was secretary.
WG7.2 split into WG7.2 and WG7.4. E. M. Dougherty chaired WG7.4, which assumed responsibility for
this guide. During the final stages of development, R. E. Hall chaired SC7 and assumed acting chairmanship
of WG7.4. During balloting and final editing, R. J. Christensen chaired SC7 and continued with the activi-
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IEEE Guide for Incorporating Human
Action Reliability Analysis for
Nuclear Power Generating Stations

1. Overview

1.1 Scope

This guide provides a structured framework for the incorporation of human/system interactions into probabi-
listic risk assessments (PRAs).

1.2 Purpose

The purpose of this guide is to enhance the analysis of human/system interactions in PRAs, to help ensure
reproducible conclusions, and to standardize the documentation of such assessments. To do this, a specific
human reliability analysis (HRA) framework is developed from standard practices to serve as a benchmark
to assess alternative ways of incorporating HRA into PRA.

2. Definitions

Several terms used in this guide are important, yet are ambiguous in common usage or not used frequently
enough to be well known. They are defined in this clause.

2.1 cognitive process: An internal human activity that receives, manipulates, and stores knowledge or infor-
mation, or that controls actions according to this knowledge.

2.2 consequences: The result(s) of (i.e., events that follow and depend upon) a specified event.
2.3 diagnosis: A cognitive assessment of the state of the system.

2.4 event: (A) Any change in conditions or performance of interest. (B) An occurrence at a specific point in
time.

2.5 event tree: A graphical representation of the logical progression of the possible scenarios through a
multiple series of events that may, or may not occur.
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2.6 fault tree: A graphical representation of an analytical technique whereby an undesired state of a system
is specified and the patterns leading to that state can be evaluated to determine how the undesirable system
failure can occur.

2.7 framework: A conceptual system of tasks or activities used in a specified type of analysis.
2.8 human action: The observable result (often a bodily movement) of a person’s intention.

2.9 human interaction: A human action or set of actions that affects equipment, response of systems, or
other human actions.

2.10 model: An analog representation, which may be conceptual, qualitative, or quantitative.

2.11 recovery: A set of interactions intended to restore failed equipment or to find alternatives to achieve its
function.

2.12 reliability unit: That portion of a system for which a single reliability model is valid, i.e., for which
there is a single mechanism of failure.

2.13 rule: (A) A series of steps or activities with a single known or anticipated result. (B) A guideline for
acting or planning action.

2.14 skill: A cognitive and/or physical control process so highly practiced as to require little or no conscious
supervision.

2.15 system: An integration of parts or constituents, their relationships, their mutual behavior or possible
states, and the laws or rules that determine their behavior.

2.16 taxonomy: A classification scheme, or its results.

3. Overview of an integrated HRA

The risk associated with a nuclear power plant is highly dependent on the reliability of people and their
interactions with the equipment and controls in the plant. An HRA is an integral part of a Level 1 PRA. In
higher level PRAs, Levels 2 and 3, the quality of the analysis, i.e., quantification of human error, is depen-
dent on the analyst’s ability to specify scenarios and the expected human actions. This guide provides a spe-
cific approach that, if applied, will standardize the integration of HRA into the PRA process. The breakdown
and order of the steps presented are not so important; all of the steps and their activities, however, should be
found within any HRA.

3.1 Overall evaluation issues

The focus of this guide is restricted to the incorporation of the HRA integrally into a PRA. This includes the
following issues:

a)  The compatibility of an HRA with the PRA of which it is a part;

b) The relationship between the way in which an HRA is performed, its philosophy, and the results or
insights that may be obtained;

¢) The flexibility required in the use of behavioral science technologies associated with HRA; and
d) The limits of an HRA or its results.
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