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Abstract: Guidelines for the definition of a reliability program at nuclear generating stations and 
other nuclear facilities are provided. The document emphasizes reliability programs during the 
operating phase of such stations; however, the general approach applies to all phases of the 
nuclear power generating station life cycle (e.g., design, construction, start-up, operating, and 
decommissioning). 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE. 
While IEEE administers the process and establishes rules to promote fairness in the consensus development 
process, 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. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. 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.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 
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Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied upon as, a formal position of 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 of IEEE.  

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
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 comments or questions 
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 
 
Laws and regulations  

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights  

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 

Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 
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Updating of IEEE Standards documents  

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 
years old and has not undergone a revision process, 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 order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
their own responsibility. Further information may be obtained from the IEEE Standards Association. 
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Introduction 

This introduction is not part of IEEE Std 933-2013, IEEE Guide for the Definition of Reliability Program Plans for 
Nuclear Generating Stations and Other Nuclear Facilities. 

The IEEE recognizes the importance of safe, reliable, and efficient nuclear power generation and seeks to 
provide guidance for constructing a reliability program to help achieve improved plant safety and 
performance. This guide is part of a continuing effort in which the IEEE and other industry groups have 
been engaged since the beginning of the commercial nuclear power industry. Related IEEE activities 
include the publication of the following guides and standards: 

⎯ IEEE Std 352™, IEEE Guide for General Principles of Reliability Analysis of Nuclear Power 
Generating Stations Safety Systems (a basic reliability tutorial) 

⎯ IEEE Std 577™, IEEE Standard Requirements for Reliability Analysis in the Design and Operation 
of Safety Systems for Nuclear Power Generating Stations 

This guide’s main objective, to provide a basic framework for operational reliability programs, has been 
adapted to nuclear generating stations and other nuclear facilities. However, principles contained in the 
guide are not limited to these stations or the power industry exclusively. Other station types and industries 
are encouraged to tailor the guide to meet their specific needs. 

The guide has been developed to aid nuclear utilities in tailoring the principles of an effective reliability 
program to their own particular organization structure and approach. As an IEEE guide, it cannot establish 
specific reliability activities that might already be in place. Rather, the program elements discussed in the 
guide are provided for the review of, and possible inclusion into, either centralized or decentralized 
reliability program plans. 

Other recent industry efforts include the activities of 

⎯ The Institute of Nuclear Power Operations (INPO), such as the Equipment Performance & 
Information Exchange (EPIX), the “Focus on Performance,” the Significant Event Evaluation and 
Information Network (SEE-IN), and the Safety System Unavailability Monitoring Program 

⎯ The Nuclear Energy Institute (NEI) 

⎯ Reactor vendor owners’ groups, such as the group on scram reduction 

⎯ The Electric Power Research Institute (EPRI) 

Another important effort that correlates to effective reliability program planning is the Maintenance Rule 
enacted by the U.S. Nuclear Regulatory Commission (NRC), described in the following excerpts from 
Regulatory Guide 1.160, Revision 2, dated March 1997: 

The NRC published the maintenance rule on July 10, 1991, as Section 50.65, “Requirements for 
Monitoring the Effectiveness of Maintenance at Nuclear Power Plants,” of 10 CFR Part 50, “Domestic 
Licensing of Production and Utilization Facilities.” The NRC’s determination that a maintenance rule was 
needed arose from the conclusion that proper maintenance is essential to plant safety. As discussed in the 
regulatory analysis for this rule, there is a clear link between effective maintenance and safety as it relates 
to such factors as the number of transients and challenges to safety systems and the associated need for 
operability, availability, and reliability of safety equipment. In addition, good maintenance is also important 
in providing assurance that failures of other than safety-related structures, systems, and components (SSCs) 
that could initiate or adversely affect a transient or accident are minimized. Minimizing challenges to safety 
systems is consistent with the NRC’s defense-in-depth philosophy. Maintenance is also important to ensure 
that design assumptions and margins in the original design basis are maintained and are not unacceptably 
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degraded. Therefore, nuclear power plant maintenance is clearly important in protecting public health and 
safety. 

Paragraph (a)(1) of 10 CFR 50.65 requires that power reactor licensees monitor the performance or 
condition of SSCs against licensee-established goals in a manner sufficient to provide reasonable assurance 
that such SSCs are capable of fulfilling their intended functions. 

The NRC staff encourages licensees to use, to the maximum extent practicable, activities currently being 
conducted, such as technical specification surveillance testing, to satisfy monitoring requirements. Such 
activities could be integrated with, and provide the basis for, the requisite level of monitoring. Consistent 
with the underlying purposes of the rule, maximum flexibility should be offered to licensees in establishing 
and modifying their monitoring activities. 

Licensees are encouraged to consider the use of reliability-based methods for developing the preventive 
maintenance programs covered under 10 CFR 50.65(a); however, the use of such methods is not required. 

These excerpts indicate that a natural tie exists between reliability program planning, the identification of 
preventive maintenance programs, and the extension of existing performance or condition monitoring 
programs to meet the scope and intent of the Maintenance Rule. Further, the concept of determining SSC 
equipment [through such tools as probabilistic risk assessment (PRA)] can act as a means for identifying 
the critical systems and components whose failure would severely affect the top level plant mission of 
availability and safety and, therefore, indicate a structure for the scope and detail of a reliability program. 
At this writing, however, specific links to the Maintenance Rule have not as yet been incorporated into this 
guide. 

The members of the working group responsible for the development of the guide believe the guide to be a 
living document that should be revised regularly to include references to proposed and enacted rulemaking 
activities and to incorporate improvements as reliability programs mature (such as guidance for human 
reliability and software reliability). Therefore, both comments and participation in future activities related 
to the guide are encouraged, and input on this topic is hereby solicited from any interested, knowledgeable 
parties. 
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Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
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1. Overview 

 

The need for reliable equipment performance at nuclear power generating stations and other 

nuclear facilities has long been recognized. As a result, numerous methods to improve 

equipment performance have been developed. Some are empirical (such as determination of 

component availability based on maintenance records); some are predictive (such as condition 

monitoring and performance trending); while others are pragmatic (such as root cause analysis). 

This diversity among methods (empirical, predictive, and pragmatic) provides a comprehensive 

set of tools to engineers faced with equipment performance issues. However, this diversity can 

also be confusing to the novice reliability engineer. In addition, management may experience 

difficulty in coordinating the use of these methods and the interpretation of their results by 

various organizations. 

 

This guide discusses the organization of reliability engineering techniques into a comprehensive 

program or plan. The purpose of the planned program is to help ensure reliable equipment 

performance. While the program described in this guide is comprehensive, it can be selectively 
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applied to a component, system, plant, or entire utility grid; and it can be applied in a phased 

fashion. Clause 4 describes the technical elements of a reliability program and their integration 

into an effective technical approach. The applicability of various methods (empirical, predictive, 

and pragmatic) to each element is discussed. In addition, the information inputs and outputs of 

each element are detailed, along with the fl ow of information among the various elements. 

Clause 5 discusses the reliability program’s interfaces with current utilityoperator 

organizational structures. Resources within a utilitythe operating organization that may 

supply both information and expertise to each program element are identified. Four informative 

annexes are included to further illustrate the ideas presented in this guide. Annex A discusses 

the management of a reliability program; Annex B provides a sample reliability program; Annex 

C provides a sample reliability, availability, and maintainability (RAM) specification; and Annex 

D provides an annotated bibliography to aid the user of this guide in selecting additional 

resources. 

 

1.1 Scope 

 

This document provides guidelines for the defi nition of a reliability program at nuclear power 

generating stations and other nuclear facilities. The document emphasizes reliability programs 

during the operating phase of such stationsfacilities; however, the general approach applies to 

all phases of the nuclear power generating station life cycle (e.g., design, construction, start-up, 

operating, and decommissioning) of the facility. 

 

1.2 Purpose 

 

The purpose of this guide is to describe a basic framework (i.e., the program elements, 

guidelines on implementation, element interaction, and their scope of application) directed at 

improving nuclear power generating station and other nuclear facility performance through the 

effective implementation of reliability programs. It is oriented toward stationfacility availability, 

encompassing balance-of-plant and safety-related equipment. Effective implementation of these 

guidelines should also improve plant facility safety by reducing challenges to safety systems in 

addition to enhancing reliable operation of the components of those safety systems. 
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2. References 

 

Normative references 

 

This guide should be used in conjunction with the following publications. When the following 

standards are superseded by an approved revision, the revision shall applyThe following 

referenced documents are indispensable for the application of this document (i.e., they must be 

understood and used, so each referenced document is cited in text and its relationship to this 

document is explained). For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or 

corrigenda) applies. 

 

IEEE Std 352-1987 (Reaff 1999),™, IEEE Guide for General Principles of Reliability Analysis of 

Nuclear Power Generating Stations Safety Systems.1, 2 

 

IEEE Std 577-1976 (Reaff 1992),™, IEEE Standard Requirements for Reliability Analysis in the 

Design and Operation of Safety Systems for Nuclear Power Generating Stations. 

 

3. Definitions, acronyms, and abbreviations 

 

3.1 Definitions 

 

For the purposes of this guidedocument, the following terms and definitions apply. The IEEE Std 

100-1996Standards Dictionary Online should be referenced consulted for terms not defi ned in this 

clause.3 

 

 

1
IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,   

Piscataway,      NJ 088554,-1331,  USA (http://standards.ieee.org/). 

2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, 

Inc. 

3 
IEEE Standards Dictionary Online subscription is available at: 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:34:39 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 933-2013

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html
http://www.avadocuments.com/doc/ieee-933-2013
http://www.avadocuments.com/doc/ieee-933-2013


3.1.1 acoustic monitoring: The detection of sound patterns emitted by equipment to 

determine its operating condition for predictive monitoring. 

 

3.1.2 alert level: A probability value placed on equipment failure rates to identify when 

systems, trains, or components are not achieving their target availability or reliability values. 

 

3.1.3 analysis: A process of mathematical or other logical reasoning that leads from stated 

premises to the conclusion concerning specific capabilities of equipment and its adequacy for a 

particular application. (IEEE Std 100-1996) 

 

3.1.4 availability: The characteristic of an item expressed by the probability that it will be 

operational at a randomly selected future instant in time. (IEEE Std 100-1996) 

 

3.1.5 common-cause failure: Multiple failures attributable to a common cause. (IEEE Std 100-

1996) 

 

3.1.6 complete (catastrophic) failure: Failure of equipment that is both sudden and total. 

 

3.1.7 components: Items from which the system is assembled. (IEEE Std 100-1996) 

 

3.1.8 condition monitoring: Observation, measurement, or trending of condition or functional 

indicators with respect to some independent parameter (usually time or cycles) to indicate the 

current and future ability to function within acceptance criteria. (IEEE Std 323-1983) 

 

3.1.9 critical components: Equipment whose failure will result in complete system or functional 

failure. 

 

NOTE—See also Annex C of IEEE Std 1205 [B40].4, 5 

 

 

4 
Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the 

standard. 

5 The numbers in brackets correspond to those of the bibliography in Annex D. 
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3.1.10 degradeddegradation: A failure that is gradual, partial, or both; for example, the 

equipment degradesdeteriorates to a level that, in effect, is a termination of the ability to 

perform its required function. 

 

3.1.28 nuclear plant reliability data system (NPRDS): equipment performance & information 

exchange (EPIX): A reliability database maintained by the Institute of Nuclear Power Operations 

(INPO) that receives failures reports from utilities within the United States.  

 

3.1.11 failure: The termination of the ability of an item to perform a required function. (IEEE Std 

100-1996) 

 

3.1.12 failure modes and effects analysis (FMEA): A systematic procedure for identifying the 

modestypes of failure and for evaluating their consequences. (IEEE Std 352-1987) 

 

3.1.13 failure rate: The expected number of failures of a given type, per item, in a given time 

interval. (IEEE Std 100-1996) 

 

3.1.14 fault tree analysis (FTA): A technique by which failures that can contribute to an 

undesired event are organized deductively and represented pictorially. (IEEE Std 352-1987) 

 

3.1.15 generating availability data system (GADS): Reliability information available from the 

North American Electric Reliability CouncilCorporation. 

 

3.1.16 GO: Availability analysis method similar to reliability block diagram with operators 

and event actions included. 

 

hazard and operability study (HAZOP): A systematic qualitative technique to identify process 

hazards and potential operating problems using a series of guide words to identify and analyze 

process deviations. A HAZOP is used to question all portions of a process or system to identify 

potential deviations from the intention of the design, their causes, and consequences. 

 

3.1.17 importance measures: A quantitative analysis to determine the importance of 

variations in equipment reliability to system risk and/or reliability. 
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3.1.18 incipient: An imperfection in the state or condition of equipment that could result 

in a degraded or immediate failure if corrective action is not taken. 

 

3.1.19 inherent availability (IA): A measure of availability for a system operating in an ideal 

support environment in which scheduled maintenance, standby, and logistic time are ignored. 

(IEEE Std 352-1987) 

 

3.1.20 licensee event report (LER): Reports submitted by the a nuclear power plant licensee 

to the associated regulatory body [e.g., the Nuclear Regulatory Commission (NRC) under 

Regulatory Guide 1.16]. 

 

3.1.21 logistics time (LT): The downtime occasioned by the unavailability of spares, 

replacement parts, test equipment, maintenance facilities, or personnel. 

 

3.1.22 mean logistics time (MLT): The mean downtime occasioned by the unavailability of 

spares, replacement parts, test equipment, maintenance facilities, or personnel. 

 

3.1.23 mean time between failures (MTBF): The arithmetic average of operating times 

between failures of an item. (IEEE Std 100-1996) 

 

3.1.24 mean time to repair (MTTR): The arithmetic average of time required to complete a repair 

activity. (IEEE Std 100-1996) 

 

3.1.25 mission: The singular objective, task, or purpose of an item or system. (IEEE Std 352-1987) 

 

3.1.26 mission time: The time during which the mission should be performed without 

interruption. (IEEE Std 352-1987) 

 

3.1.27 NRC bulletins: Publications titled NRC Information Notice and published by the Offi ce 

of Nuclear Reactor Regulation (NRR) of the Nuclear Regulatory Commission (NRC). 
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3.1.29 nuisance failure: Intermittent or sustained failure of equipment secondary to system 

safety or reliability. 

 

3.1.30 operational availability (AO): The measured characteristic of an item expressed by the 

probability that it will be operable when needed as determined by periodic test and resultant 

analysis. 

 

3.1.31 operational reliability: The assessed reliability of an item based on operational data. 

 

3.1.32 operations and maintenance: Plant staff organized to perform these functions. 

 

3.1.33 outage time: Mean time to repair plus time for logistics and approval. 

 

3.1.34 performance evaluation: The analysis, in terms of initial objectives and estimates, usually 

made on site to provide information on operating experience and to identify required corrective 

actions. 

 

3.1.35 performance monitoring: Determining whether equipment is operating or capable of 

operating within specifi c limits. 

 

3.1.36 preventive maintenance: A procedure in which the system is periodically checked and/or 

reconditioned to prevent or reduce the probability of failure or deterioration in subsequent 

service. 

 

3.1.37 probabilistic risk assessment (PRA): A calculation of the probability and consequences of 

various known and postulated accidents. 

 

3.1.38 program evaluation review technique (PERT): A diagrammatic method for establishing 

program goals and tracking. 

 

3.1.39 quality assurance (QA): All planned and systematic actions necessary to provide 

adequate confi dence that a system or component will perform satisfactorily in service. (IEEE Std 

100-1996) 
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regulatory communications: Publications issued by applicable regulatory authorities, such as 

Nuclear Regulatory Commission (NRC) Information Notices, Bulletins, etc. 

 

3.1.40 reliability, availability, and maintainability (RAM): Elements that are considered as unifi 

ed for reliability enhancement. 

 

3.1.41 reliability-centered maintenance: A series of orderly steps for identifying system and 

subsystem functions, functional failures, and dominant failure modes, prioritizing them, and 

selecting applicable and effective preventive maintenance tasks to address the classified failure 

modes. 

 

3.1.42 reliability monitoring: Direct monitoring of reliability parameters of a plant, system, or 

equipment (e.g., failure frequency, downtime due to the maintenance activities, outage rate). 

 

3.1.43 reliability program: A description of activities and techniques associated with reliability 

technology, not necessarily a formalized program or entity unto itself, and may be integrated 

with design and operations. 

 

3.1.44 reliability targets: The reliability goals to be achieved by the plant systems. 

 

3.1.45 repair rate: The expected number of repair actions of a given type completed on a given 

item per unit of time. (IEEE Std 100-1996) 

 

3.1.46 risk: The expected detriment per unit time to a person or population from a given cause.  

 

NOTE—In this document, risk is used in a broader context that includes the expected fi nancial 

detriment per unit time to an organization (e.g., utility) from a given cause. (IEEE Std 100-1996) 

 

3.1.47 robustness: A statistical result that is not signifi cantly affected by small changes in 

parameters, models, or assumptions. 

 

3.1.48 root cause: The underlying or physical cause of problem/failure. 
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3.1.49 SEE-IN: The Significant Event Evaluation and Information Network, an information 

database maintained by the Institute of Nuclear Power Operations (INPO). 

 

3.1.50 single point failure analysis: A reliability analysis that identifi es single components or 

subsystems whose failure results in system failure. 

 

3.1.51 standby equipment: Equipment not normally in operation that is available on 

demand to perform a specific function. 

 

3.1.52 statistical indicators: Parameters based on past plant-specifi c or generic experience 

used to predict the failure of identical or similar equipment based on time or stress histories. 

 

3.1.53 surveillance test: The test that can determine the state or condition of a system or 

subsystem. (IEEE Std 352-1987) 

 

3.1.54 system reliability service (SRS): A United Kingdom reliability information and database 

service. 

 

3.1.55 time to repair (TTR): Time required to accomplish corrective maintenance or repair 

successfully. It includes all of the time required for diagnosis, set-up, replacement, 

reassembly, and test, but does not include logistics scheduling and approval. 

 

3.1.56 unavailability: The numerical complement of availability. Unavailability may occur as a 

result of the item being repaired (that is, repair unavailableunavailability) or as a result of 

undetected malfunctions (that is, unannounced unavailability). (IEEE Std 352-1987) 

 

3.1.57 UNIRAM: A modeling methodology and associated software package for the 

performance of reliability, availability, and maintainability (RAM) analysis of power production 

systems. 

 

3.1.58 wearout: The state of a component in which the failure rate increases with time as a 

result of a process characteristic of the population. 
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3.2 Acronyms and abbreviations 

 

EPRI Electric Power Research Institute  

 

GADS Generating Availability Data System  

 

INPO Institute of Nuclear Power Operations  

 

NERC North American Electric Reliability Council Corporation 

 

NRC Nuclear Regulatory Commission 

 

NRR Nuclear Reactor Regulation 

 

WANO World Association of Nuclear Operators 

 

4. Program elements 

 

For a reliability program to be well constituted, it should provide a means for recognizing when 

a reliability problem exists, and conversely, when it does not, so resources are appropriately 

utilized. Also, the program should be capable of anticipating or predicting potential reliability 

problems that are likely to occur in the future based on historical performance or observed 

deterioration in equipment that has not yet failed and problems that have occurred elsewhere in 

the industry. If a problem is predicted or diagnosed, the reliability program should be able to 

prioritize its severity as compared to other reliability problems, so the most serious problems are 

corrected fi rst. The program should be capable of determining the cause of the problem and 

devising corrective actions to rectify it. Finally, the reliability program should possess the means 

to monitor the efficacy of corrective actions to help ensure the adequacy of problem solution. A 

reliability program should possess the following elements to accomplish its objective of 

enhancing plant availability and safety: 
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a) Performance monitoring  

 

b)   Performance evaluation  

 

c) Problem prioritization 

 

d)    Problem analysis and corrective action recommendation  

 

e) Corrective action implementation and feedback 

 

These elements define a closed-loop process; once corrective actions are commenced to address 

detected reliability problems, the emphasis is directed back toward monitoring to help ensure 

the effectiveness of the corrective action. Figure 1 illustrates the closed-loop process of which 

reliability program plan elements are a part. Each of these elements is detailed in 4.1 through 4.5.  

 

 

 

 

 

Figure 1 — Reliability program process: elements and interfaces 
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4.1 Performance monitoring 

 

4.1.1 Explanation 

 

Performance monitoring is the act of gathering pertinent failure detection and in-plant reliability 

information. Data include bothplant operating data (e.g., pressure, temperature, voltage, flow 

rate, current, capacities from operator logs, surveillance test data files, etc.), reliability 

monitoring data (e.g., observation of failure frequency, outage rate, maintenance durations, 

outage times) and condition monitoring data (e.g., observation of conditions related to failure, 

such as degraded performance; changes in equipment parameters as measured by 

nondestructive tests, such as ultrasonic inspections, electrical continuity tests, and acoustic 

vibration monitoring). Data should include human errors, equipment failures, and maintenance 

actions and should be collected at a level consistent with the mission of the program (e.g., they 

may be collected at the component, system, and plant levels). As a minimum, data should be 

collected on complete failures; in addition, the practice of collecting data on both incipient 

and degraded failures may provide early indication of potential problems before they become 

serious (e.g., from preventive and predictive maintenance activities). Interfaces of this task to 

other elements of a reliability program are shown in Figure 2. 
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Figure 2— Performance monitoring interfaces 

 

 

4.1.2 Objective 

 

The objective of performance monitoring is to provide basic data about actual in-plant reliability. 

Sample uses are as follows: 

 

a) To collect statistics on equipment failures to 

 

1) Detect the existence of a reliability problem 

 

2) Determine the severity of problems 

 

3) Verify the effi cacy of corrective actions 
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4) Measure the effi ciency of equipment surveillance 

 

b) To collect information relevant to poor equipment performance to aid in root cause 

determination 

 

c) To collect statistics and information that can be used to predict catastrophic failures 

(and, hence, to either prevent their occurrence or mitigate their effect) 

 

d) To identify equipment that is performing well 

 

e) To relaxreallocate resources where they are not being used most effectively  

 

f) To optimize inventory 

 

g) To optimize design 

 

h) To make procedure and training changes 

 

4.1.3 Inputs 

 

Inputs to performance monitoring include the following: 

 

a) Definition of the scope of monitoring established by the reliability program or mandated 

by regulations (such as technical specifi cations);the plant’s‖Technical‖Specifications) 

 

b) Monitoring requirements mandated by regulations or established by equipment 

manufacturers 

 

c) Updated monitoring requirements based on the outputs of the performance evaluation 

task, the problem analysis and corrective action identification task, or the corrective action 

implementation and feedback task 
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d) Utility and Plant-specific information systems (e.g., maintenance work orders, licensee 

event reports, records of human errors, budget and cost data, plant and systems 

descriptions) that provide data for use in identifying, assessing, and prioritizing reliability 

problems and solutions 

 

4.1.4 Outputs 

 

The major output of the performance monitoring task is a tabulation of performance 

information on all equipment encompassed by the reliability program. Such a listing should 

include the following: 

 

a) A complete identification of the affected equipment [i.e., tag number, serial number, 

Nuclear Plantequipment performance & information exchange (EPIX) Reliability Data 

System (NPRDS) identification] 

 

b) The date and time of failure detection 

 

c) The type of failure (complete, degraded, or incipient) 

 

d) The method of failure discovery (e.g., during operation, maintenance, testing, or 

inspection) 

 

e) Conditions prior to failure (e.g., plant mode, power level, temperature) and the impact of 

the failure f) The date and time the equipment was restored to service 

 

g) A description of the nature and extent of damage and a preliminary assessment of the 

cause  

 

h) A description of how the affected equipment was repaired 

 

i) Referenced documents [i.e., work order number, quality assurance or quality control 

(QA/QC) inspection reports] 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:34:39 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 933-2013

http://www.avadocuments.com/doc/ieee-933-2013
http://www.avadocuments.com/doc/ieee-933-2013


Specific performance monitoring requests should be consistent with the needs of the reliability 

program objective. For example, a condition monitoring program would include far more 

extensive physical parameter requests. Such data requests should be established by a needs 

analysis prior to data collection. The needs analysis describes all the activities, organizational 

units, and data flow in an organized manner, such as with flow diagrams. 

 

4.1.5 Implementation 

 

Many of the inputs to and outputs from the performance monitoring task already exist at 

nuclear power generating stations and other nuclear facilities. It has been long recognized that 

benefits are to be gained by a careful assessment of equipment performance. Past efforts 

related to equipment reliability have mainly been directed toward components important to 

plant safety. The current industry and regulatory interest is broadening to include components 

whose failure results in plant power reduction or shutdown, spurred by the recognition of the 

fact that reduction of safety system challenges also reduces plant risk. Equipment with historical 

reliability problems and equipment whose failure is absolutely unacceptable (e.g., reactor 

shutdown systems) have been addressed by performance monitoring tasks. A recent 

development is the advent of reliability-based surveillance activities that systematically organize 

past and present practices. Reliability-based surveillance is based on the following concept: the 

unique reliability characteristics of a component, along with the component’s‖ importance for 

achieving an acceptable level of availability or risk and the practicality of implementation, 

should dictate the type and intensity of the surveillance for that component. (For one possible 

implementation of these concepts, see Lofgren [B12].2B51].) 

 

 

 

 

 

 

 

 

2
The numbers in brackets correspond to those of the bibliography in Annex D. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:34:39 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 933-2013

http://www.avadocuments.com/doc/ieee-933-2013
http://www.avadocuments.com/doc/ieee-933-2013


 

Implementation of the performance monitoring task should focus on two concerns: utilization of 

existing information and expansion or tailoring information-gathering activities to suit the needs 

of the reliability program. However, first, it should be recognized that peculiar reliability 

requests may require collection of information not otherwise available. All performance 

monitoring data collection activities should be integrated into overall data collection activities to 

prevent double counting failures and overloading staff. Addressing these concerns should 

include consideration of the following items: 

 

a) Much of the existing information may be stored in an electronically compatible 

medium (in particular, maintenance records); thus, the information for the performance 

monitoring task may be easily extracted. However, other types of information (such as 

the qualitative descriptions of failure or, the results of tests conducted to measure 

equipment degradation like acoustic monitoring and other non-destructive methods) 

may be stored electronically in a plant database from which the information for the 

performance monitoring tasks may be easily extracted. However, other types of 

information (such as the qualitative descriptions of failure) that are not as easily recorded 

andin a database may be stored electronically on a plant computer and linked to a 

component, so that data can be easily extracted. 

 

b) The present and future needs of the reliability program should be carefully assessed 

when modifying existing information-gathering activities. First, it is desirable to use a 

single procedure to document component maintenance and testing, independent of 

whether the component is included within the scope of the reliability program. This 

practice simplifies the plant record-keeping effort and allows easy addition of equipment 

to the reliability program in the future. Second, the level of detail should be balanced so 

all pertinent information is gathered without collecting an excessive volume of 

information that will not be utilized (IEEE Std 352-19873, IEEE Std 577-1976). Third, some 

highly desirable information (e.g., qualitative descriptions of events, subjective opinions 

about the causes of failures) is transitory; it should be quickly recorded to preserve its 

quality. 

 

3
For information on references, see Clause 2. 
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4.2 Performance evaluation 

 

4.2.1 Explanation 

 

Performance evaluation is the qualitative or quantitative analysis that compares selected event 

and physical parameter data to plant performance targets, improvement goals, or alert levels to 

identify deviations from expected performance. This task includes setting both qualitative 

objectives and quantitative targets, goals, alert levels, or action levels in the start-up phase of a 

reliability program and routinely conducting both diagnostic and prognostic work to identify 

current reliability problems and to predict likely future problems. Included in this effort is the 

specific consideration of the validity of any collected historical data set in light of programmatic 

or design changes that have occurred in the interim. For example, if a previous analysis has 

indicated a need to change a surveillance interval, the data set collection process should reflect 

the potential for significant change in the failure rate as a result of this new interval. Detailed 

inputs and outputs are illustrated in Figure 3. 
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Figure 3— Performance evaluation interfaces 

 

4.2.2 Objective 

 

The objectives of performance evaluation are to identify problems or potential problems related 

to reliability in operations, surveillance, and maintenance; to indicate where requirements might 

be relaxed without significantly affecting performance (or optimized to help ensure overall 

performance) adequacy; and to indicate where requirements might be relaxed in design without 

serious problems occurring. Accomplishing these objectives requires performing the following 

tasks: 
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