IEEE SA

STANDARDS
ASSOCIATION

IEEE Standard for Nuclear facilities—

Electrical Equipment important to safety—

Qualification

IEEE Power and Energy Society

Developed by the
Nuclear Power Engineering Committee

IEEE Std 60780-223™-2016

< IEEE

Full document details: IEEE 60780-223-2016

ISTANDARDS |..w

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/ieee-60780-223-2016
http://www.avadocuments.com/doc/ieee-60780-223-2016

Copyright © 2016 IEEE

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch
www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing being
secured. Requests for permission to reproduce should be addressed to either IEC at the address below or IEC’s
member National Committee in the country of the requester or from IEEE.

Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue

New York, NY 10016-5997

United States of America

stds.ipr@ieee.org

www.ieee.org

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About the IEEE

IEEE is the world’s largest professional association dedicated to advancing technological innovation and excellence for
the benefit of humanity. IEEE and its members inspire a global community through its highly cited publications,
conferences, technology standards, and professional and educational activities.

About IEC/IEEE publications

The technical content of IEC/IEEE publications is kept under constant review by the IEC and IEEE. Please make sure
that you have the latest edition, a corrigendum or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets
and iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects,
replaced and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished
Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 15 additional
languages. Also known as the International
Electrotechnical Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have
been collected from earlier publications of IEC TC 37, 77,
86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer
Service Centre: csc@iec.ch.

Documents

Document Sharing Hub

Full document details: IEEE 60780-223-2016


mailto:stds.ipr@ieee.org
http://www.ieee.org/
mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://www.avadocuments.com/doc/ieee-60780-223-2016
http://www.avadocuments.com/doc/ieee-60780-223-2016

IEEE Std 60780-323™:2016

IEEE Standard for Nuclear facilities—
Electrical equipment important to safety—
Qualification

Developed by the

Nuclear Power Engineering Committee
of the

IEEE Power and Energy Society
Approved 29 January 2016

IEEE SA Standards Board

Documents

Document Sharing Hub

Full document details: IEEE 60780-223-2016


http://www.avadocuments.com/doc/ieee-60780-223-2016
http://www.avadocuments.com/doc/ieee-60780-223-2016

Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE
or IEEE SA 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 makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or guarantee against interference with or
from other devices or networks. In addition, IEEE does not warrant or represent that the use of the material
contained in its standards is free from patent infringement. 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 [EEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
their 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: THE
NEED TO PROCURE 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.
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Translations

The IEEE consensus balloting 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 is the approved IEEE standard.

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, nor 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 the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements
made by volunteers may not represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
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 subcommittees of the IEEE SA Board
of Governors 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 evaluating comments or in revisions to
an IEEE standard is welcome to join the relevant IEEE working group. You can indicate interest in a
working group using the Interests tab in the Manage Profile & Interests area of the IEEE SA myProject
system.! An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

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 constitute 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.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.

2 Available at: https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html.
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Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

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, neither IEEE nor its licensors waive any rights in
copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, 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;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

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 10 years. When a document is more than 10 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 IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https:/standards.ieee.org/standard/index.html.
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Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.?

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 https://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.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.

> Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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INTRODUCTION

a) Technical background, main issues and organisation of the Standard

This standard is applicable to electrical equipment important to safety and its interfaces
that are necessary to perform a safety function, or whose failure could adversely affect the
safety functions of other equipment.

Electrical equipment in nuclear facilities shall meet its safety functional requirements
throughout its installed life. This is accomplished by a thorough programme of quality
assurance, design control, quality control, qualification, production, transportation,
storage, installation, maintenance, periodic testing, and surveillance. This IEC/IEEE
standard specifically focuses on qualification.

Other aspects, relating to quality assurance, reliability, selection and use of electronic
devices, design and modification of digital systems including V&V activities are not part of
this standard.

Industry research in the area of equipment qualification and decades of its application
have greatly benefited this standard. Future activities of the working group to update this
standard will consider the following:

— Experience and knowledge gained by using condition monitoring techniques,
— Knowledge gained on ageing mechanisms and kinetics,

— Significance of refinements in ageing mechanisms, equipment sealing, interfaces,
extrapolation, similarity, test sequence and parameters (such as ramp rates, time
duration, timing of spray initiation and its duration), and qualification documentation.

It is intended that the Standard be used by operators of NPPs (utilities), systems
evaluators, equipment manufacturers, test facilities, qualification laboratories and by
licensors.

b) Situation of the current standard in the structure of the IEC SC 45A standard series

IEC 61513 is a first level IEC SC 45A document and gives guidance applicable to I1&C at
system level.

These documents are supplemented by guidance on functional classification (IEC 61226),
hardware design (IEC 60987), software (IEC 60880 and IEC 62138), selection and use of
HDL programmed integrated circuit (IEC 62566) and requirements in order to reduce the
possibility and limit the impact of common cause failure of category A functions
(IEC 62340).

IEC/IEEE 60780-323 is a second level IEC SC 45A document which focuses on
environmental qualification of electrical equipment important to safety.

For more details on the structure of the IEC SC 45A standard series, see item d) of this
introduction.

c) Recommendations and limitations regarding the application of this standard

This dual logo standard applies to all electrical equipment important to safety in
accordance with IAEA terminology including Class 1E equipment in accordance with the
IEEE classification scheme and Classes 1, 2 and 3 in accordance with IEC 61226
classification scheme.

For equipment that needs to be qualified for design extension conditions, including severe
accident conditions, this international standard shall be applied after a new DBE profile
covering these conditions has been fully defined. Conservatism taken into account to
define this severe accident profile should nevertheless be adapted.

To ensure that the Standard will continue to be relevant in future years, the emphasis has
been placed on issues of principle, rather than specific technologies.
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d) Description of the structure of the IEC SC 45A standard series and relationships
with other IEC documents and other bodies documents (IAEA, ISO)

The top-level document of the IEC SC 45A standard series is IEC 61513. It provides
general requirements for I&C systems and equipment that are used to perform functions
important to safety in NPPs. IEC 61513 structures the IEC SC 45A standard series.

IEC 61513 refers directly to other IEC SC 45A standards for general topics related to
categorisation of functions and classification of systems, qualification, separation of
systems, defence against common cause failure, software aspects of computer-based
systems, hardware aspects of computer-based systems, and control room design. The
standards referenced directly at this second level should be considered together with
IEC 61513 as a consistent document set.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 are standards
related to specific equipment, technical methods, or specific activities. Usually these
documents, which make reference to second-level documents for general topics, can be
used on their own.

A fourth level extending the IEC SC 45A standard series, corresponds to the Technical
Reports which are not normative.

IEC 61513 has adopted a presentation format similar to the basic safety publication
IEC 61508 with an overall safety life-cycle framework and a system life-cycle framework.
Regarding nuclear safety, it provides the interpretation of the general requirements of
IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear application sector, regarding
nuclear safety. In this framework IEC 60880 and IEC 62138 correspond to IEC 61508-3 for
the nuclear application sector. IEC 61513 refers to ISO as well as to IAEA GS-R-3 and
IAEA GS-G-3.1 and IAEA GS-G-3.5 for topics related to quality assurance (QA).

The IEC SC 45A standards series consistently implements and details the principles and
basic safety aspects provided in the IAEA code on the safety of NPPs and in the IAEA
safety series, in particular the Requirements SSR-2/1, establishing safety requirements
related to the design of Nuclear Power Plants, and the Safety Guide SSG-39 dealing with
instrumentation and control systems important to safety in Nuclear Power Plants. The
terminology and definitions used by SC 45A standards are consistent with those used by
the IAEA.
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NUCLEAR FACILITIES - ELECTRICAL EQUIPMENT
IMPORTANT TO SAFETY — QUALIFICATION

1 Scope and object

This International Standard describes the basic requirements for qualifying electrical
equipment important to safety and interfaces (electrical and mechanical) that are to be used
in nuclear facilities. The principles, methods, and procedures described are intended to be
used for qualifying equipment, maintaining and extending qualification, and updating
qualification, as required, if the equipment is modified. The qualification requirements in this
standard, when met, demonstrate and document the ability of equipment to perform safety
function(s) under applicable service conditions, including design basis events and certain
design extension conditions, and reduce the risk of environmentally induced common-cause
equipment failure.

This standard does not provide environmental stress levels or performance requirements.

Other aspects, relating to quality assurance, selection and use of electronic devices, design
and modification of digital systems are not part of this standard.

Other IEC or IEEE standards that present qualification programmes for specific equipment,
specific environments, or specific parts of the qualification programme may be used to
supplement this standard, as applicable. The bibliography lists other standards related to
equipment qualification.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60980, Recommended practices for seismic qualification of electrical equipment of the
safety system for nuclear generating stations

IEEE Std 344™-2013, IEEE Standard for Seismic Qualification of Equipment for Nuclear
Power Generating Stations

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

age conditioning

process of subjecting equipment or a component to elevated stress conditions (environmental
and operational) in order to render its physical and electrical properties similar to those it
would have at a predetermined natural age when operating under expected operational
conditions, corresponding at least to the qualified life

3.2

ageing

general process in which characteristics of a system or component gradually change with

time or use Bocuments
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[SOURCE: IAEA Safety Glossary, 2007]

3.3

Class 1E

safety classification of the electrical equipment and systems that are essential to emergency
reactor shutdown, containment isolation, reactor core cooling, and containment and reactor
heat removal, or are otherwise essential in preventing significant release of radioactive
material to the environment

[SOURCE: IEEE Standards Dictionary Online]’

34

common cause failure

failure of two or more structures, systems or components due to a single specific event or
cause

[SOURCE: IAEA Safety Glossary, 2007]

3.5

components

discrete elements of a system. Examples of components are wires, transistors, integrated
circuits, motors, relays, solenoids, pipes, fittings, pumps, tanks and valves

[SOURCE: IAEA Safety Glossary, 2007]

3.6

condition-based qualification

qualification based on measurement of one or more condition indicators of equipment, its
components, or materials for which an acceptance criterion can be correlated to the
equipment’s ability to function as specified during an applicable design basis event

[SOURCE: IEEE Standards Dictionary Online]

3.7

condition indicator

characteristic of equipment or its components that can be observed, measured and trended to
infer or directly indicate the current and future ability of equipment to function within
acceptance criteria in all specified service conditions (including DBE conditions)

3.8

design basis events

postulated events used in the design to establish the acceptable performance
requirements for the structures, systems, and components

[SOURCE: IEEE Standards Dictionary Online]

3.9

design extension conditions

accident conditions that are not considered for design basis events, but that are considered in
the design process of the facility in accordance with best estimate methodology, and for which
releases of radioactive material are kept within acceptable limits. Design extension conditions
include severe accident conditions.

1 |EEE Standards Dictionary Online is available at:
http://ieeexplore.ieee.org/xpls/dictionary.jsp
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[SOURCE: IAEA Safety Standards Series SSR2/1:2012]

3.10
end condition
value(s) of equipment condition indicator(s) at the conclusion of age conditioning

3.1
equipment
assembly of components designed and manufactured to perform specific functions

Note 1 to entry: Sensors, cables, electrically operated valves, I&C cabinet or racks are examples of
equipment.

[SOURCE: IEEE Standards Dictionary Online]

3.12

equipment important to safety

equipment that is part of a safety group and/or whose malfunction or failure could lead to
undue radiation exposure of the site personnel or members of the public. Equipment
including:

e those structures, systems and components that prevent anticipated operational
occurrences from leading to accident conditions;

e those features that are provided to mitigate the consequences of malfunction or failure
of structures, systems and components.

A) For usage consistent with [IEC 61226, equipment important to safety are as follows:

— all I&C equipment performing Category A to Category C functions (in accordance
with the IEC 61226 categorisation scheme),

— all electrical equipment needed to ensure emergency energy supply to this
equipment in case of a loss of normal power supply,

— all electrical equipment needed to ensure ultimate energy supply in case of total
loss of on-site power (if selected as design extension condition to be mitigated).

B) For usage consistent with other IEEE documents and a Class 1E categorization;
for equipment important to safety, qualification is essential to the following:
— electric equipment and systems that are essential to emergency reactor
shutdown, containment isolation, reactor core cooling, and containment and
reactor heat removal, or

— electric equipment that are otherwise essential in preventing significant release
of radioactive material to the environment.

Note 1 to entry: Users of this standard are advised that Class 1E is a functional term. Equipment and
systems are to be classified Class 1E only if they fulfill the functions listed in the definition. Identification of
systems or equipment as Class 1E based on anything other than their function is an improper use of the term
and should be avoided.

3.13

equipment qualification

generation and maintenance of evidence to ensure that equipment will operate on demand to
meet system performance requirements during normal and abnormal service conditions and
postulated design basis events

[SOURCE: IAEA Safety Glossary, 2007]
3.14
equipment similarity

demonstration of physical, operational and dynamic equivalency between equipment being
qualified and equipment previously qualified
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3.15

harsh environment

environment that significantly changes as a result of a design basis event, e.g., loss-of-
coolant accident (LOCA), high-energy line break (HELB), and main steam line break (MSLB)

[SOURCE: IEEE Standards Dictionary Online]

3.16

interfaces

shared boundary between structures, systems and components that includes physical
attachments, mounting, auxiliary components, and connectors (electrical and mechanical)
to the equipment

3.17
margin
difference between service conditions and the conditions used for equipment qualification

[SOURCE: IEEE Standards Dictionary Online]

3.18

mild environment

environment that would at no time be significantly more severe than the environment that
would occur during normal plant operation, including anticipated operational occurrences

3.19

qualified condition

condition of equipment, prior to the start of a design basis event, for which the equipment
was demonstrated to meet the design requirements for the specified service conditions.
This could include certain post accident cooling and monitoring systems that are expected
to remain operational.

3.20

qualified life

period for which an equipment has been demonstrated, through testing, analysis and/or
experience, to be capable of functioning within acceptance criteria during specific operating
conditions while retaining the ability to perform its safety functions in accident condition or
earthquake

Note 1 to entry: This note applies to the French language only.

[SOURCE: IAEA Safety Glossary, 2007]

3.21

service conditions

actual physical states or influences during the service life of equipment, including normal
operating conditions, abnormal operating conditions, design basis event conditions and
conditions following a design basis event and design extension conditions

Note 1 to entry: In 2007-edition of IAEA safety glossary, accident conditions include both design basis accident
and beyond design basis accident. This second notion has been replaced within IAEA by the notion of design
extension conditions (AIEA, SSR-2/1). It explains the need of changing the definition.

[SOURCE: IAEA Safety Glossary, 2007, modified]

3.22

service life

period from initial operation to final withdrawal from service of a structure, system or
component
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[SOURCE: IAEA Safety Glossary, 2007]

3.23

severe accident

accident conditions more severe than a design basis event and involving significant core
degradation

[SOURCE: IAEA Safety Glossary, 2007]

3.24

significant ageing mechanism

ageing mechanism that, under normal and abnormal service conditions, causes
degradation of equipment that progressively and appreciably renders the equipment
vulnerable to failure to perform its safety function(s) during the design basis event
conditions

[SOURCE: IEEE Standards Dictionary Online]

4 Symbols and abbreviations

DBE Design Basis Event
EM Electromagnetic
EMC Electromagnetic Compatibility

EMI Electromagnetic Interference
HELB High Energy Line Break
1&C Instrumentation and Control

LOCA Loss of Coolant Accident
MSLB Main Steam Line Break
NPP Nuclear Power Plant

RFI Radio Frequency Interference
5 Principles of equipment qualification

5.1 Qualification objective

The primary objective of qualification is to demonstrate with reasonable assurance that
equipment important to safety can perform its safety function(s) without experiencing
common-cause failures before, during, and after applicable DBE.

Equipment important to safety, including its interfaces, shall meet or exceed the equipment
specification requirements. This continued capability is ensured through a programme that
includes, but is not limited to, design control, quality control, qualification, installation,
maintenance, periodic testing, and surveillance. The focus of this standard is on qualification,
although it affects the other parts of the programme.

For all items of equipment required to operate under design extension conditions,
demonstrable evidence shall be provided that it is able to perform its function(s) under the
applicable service conditions including design extension conditions.

Equipment located in normal and mild environments shall be specified, designed, and
selected to perform their functions in their intended service conditions including anticipated
operational occurrences. Requirements, including EMC, environmental/operational ageing and
seismic requirements shall be specified in the design/purchase specifications.
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A maintenance/surveillance programme based on a vendor’s recommendations, which may be
supplemented with operating experience, should ensure that equipment meets the specified
performance requirements. A qualified life is not required for equipment located in a mild
environment and which has no significant ageing mechanisms and is operated within the
limits established by applicable specifications and standards. Qualification for equipment
located in mild environments shall be demonstrated by providing evidence that equipment
meets or exceeds the specified requirements, including those of recognized industry
associations. When seismic testing is used to qualify equipment located in a mild
environment, pre-ageing prior to the seismic tests is required only where significant ageing
mechanisms exist (see 7.3.3).

5.2 Qualified life and qualified condition

Degradation with time followed by exposure to the applicable environmental extremes of
temperature, pressure, humidity, radiation, vibration, chemical spray and submergence
resulting from a DBE condition can precipitate failures of equipment important to safety. For
this reason, it is necessary to establish a qualified life for equipment with significant ageing
mechanisms. The qualified life determination shall consider degradation of equipment
capability prior to, during and in post-accident conditions as applicable. Inherent in
establishing a qualified life is that a qualified condition is also established. This qualified
condition is the state of degradation for which successful performance during a subsequent
DBE was demonstrated.

A qualified life is established in initial qualification by putting test sample(s) in the state of
degradation expected at the end of the qualified life, followed by simulated DBE(s) in which
the ability of the equipment to perform its function important to safety is demonstrated.

Adjustment and extension of qualified life of existing equipment may be achieved through the
use of different techniques. These techniques are further described in 6.2.

5.3 Qualification elements

The preferred approach is qualification by type-testing. Other methods as described in 7.4.3
and 7.4.4 are also applicable.

Essential elements needed to demonstrate equipment qualification shall include the following:

e equipment specification including the required safety function(s),

e acceptance criteria,

e description of the service conditions, including DBEs and their duration,
e qualification programme plan,

e implementation of the plan,

e documentation demonstrating successful qualification.
5.4 Qualification documentation

The result of a qualification programme shall be documented to demonstrate the ability of
equipment to perform its safety function(s) during its qualified life and applicable design basis
events. All activities that are required to maintain qualification during the qualified life shall be
included in the documentation. The documentation shall allow verification by competent
personnel, other than the qualifier, that the equipment is qualified.
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6 Qualification methods

6.1 Initial qualification
6.1.1 Type testing

A type test subjects a representative sample of equipment, including its interfaces, to a series
of tests, simulating the effects of significant ageing mechanisms during normal operation.
Equipment qualification testing shall be performed with equipment functioning in a state
representative of its intended use in actual operation (including any software). The equipment
is subsequently subjected to DBE’s testing that simulates and thereby establishes the tested
configuration for installed equipment service, including mounting, orientation, interfaces,
conduit sealing, and expected environments. A successful type test demonstrates that the
equipment at the end of its qualified life can perform the intended safety function(s) for the
required operating time before, during, and/or following the DBE.

6.1.2 Operating experience

When qualification for mild environment is required, performance data from equipment of
similar design that has successfully operated under known service conditions may be used in
qualifying other equipment to equal or less severe conditions. Applicability of this data
depends on the adequacy of documentation establishing past service conditions, equipment
performance, and similarity against the equipment to be qualified. A demonstration of required
operation during applicable design basis event(s) shall be included in equipment qualification
programs based on operating experience, when DBE qualification is required.

6.1.3 Analysis

Analysis of data and tests for material properties, equipment rating, and environmental
tolerance may be used to supplement the demonstration of qualification; however analysis
alone shall not be used to demonstrate qualification. Qualification should comprise a logical
assessment, similarity evaluation or a valid mathematical model of the equipment to be
qualified. The bases for analysis typically include physical laws, results of test data (including
those collected during type test performed on equipment from the plant see 6.2.3 and
condition measurement) and operating experience.

6.1.4 Combined methods

Equipment may be qualified by combinations of type test, operating experience, and analysis.
For example, where type test of a complete assembly is not possible, component testing
supplemented by analysis may be used.

6.2 Reassessing qualified life
6.2.1 General

Environmental qualification may yield a qualified life that is less than the anticipated service
life of the equipment. For example, the qualified life may be limited due to the use of
moderate ageing acceleration factors to achieve realistic simulation of degradation in service
during available testing time. Such moderate ageing acceleration factors may result in the
condition of the equipment under test falling short of its required end-of-life condition and
hence limiting service life.

The methods that follow may be used for reassessing and extending equipment qualified life.
The method chosen shall be justified and the application shall be sufficiently documented to
give confidence in the extended qualified life.
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6.2.2 Method 1: Using conservatism

Evaluation of conservatisms in original assumptions for environmental conditions, failure
criteria, and acceleration factors may identify that actual conditions are less severe, and the
qualified life may be adjusted accordingly with due consideration of the required margins
addressed in 7.3.5. Limitations of use of accelerating factors shall be considered (e.g. time
period extrapolation, synergy between effect of temperature and radiation, dose rate effect).
Ageing models shall be properly verified. Environmental conditions shall be properly
assessed.

6.2.3 Method 2: Type test on aged samples from the plant

Install additional qualified equipment in identical service conditions or use qualified equipment
aged in the plant. Remove before the end of the qualified life of equipment in-service and
demonstrate its safety function performance during DBE(s) after further age conditioning to
establish additional qualified life.

6.2.4 Method 3: Performing type test for longer qualified life

A longer qualified life can be achieved by either retain and continue ageing the test sample
from the initial program for additional duration or begin ageing a new sample while the
qualified equipment is in service. Equipment safety function is then demonstrated by
successfully passing accident condition test.

6.2.5 Method 4: Component replacement

Identify age-sensitive components and replace them with new, identical components to extend
qualification. Consideration shall be given to time required to have the component accessible
for the replacement.

This method shall not be used if the disassembly of the equipment can alter its performance
in service conditions (including accident conditions).

6.3 Condition monitoring

Condition monitoring for equipment qualification purposes monitors one or more condition
indicators to determine whether equipment remains in a qualified condition. The trend of the
condition indicator shall be determined during age conditioning of the test specimen for
qualification testing or on another similar specimen (same model, same materials, same
supplier, same hardware/software, etc.) submitted to the same age conditioning tests.

The condition indicator shall be measurable, change monotonically with time, be correlated
with the safety function performance under DBE conditions, be linked to the functional
degradation of the qualified equipment, and have a consistent trend from unaged through the
limit of the qualified pre-accident condition.

Condition indicators are dependent on technology. Such condition indicators cannot always
be defined in practice, even if such indicators would be beneficial.

Condition-based qualification is an adjunct to type testing.

To use condition-based qualification, age conditioning shall be performed incrementally and
condition indicators shall be measured at each increment to establish data for comparison
with observations of the same indicators during service. In particular, it is required to
establish the condition of the condition indicator(s) at the conclusion of age conditioning, prior
to testing to accident conditions. If the qualification programme has been completed, age
conditioning may be replicated on another sample by performing incremental condition
indicator measurements. Since measurements for condition indicators may be taken at one
temperature, additional data may be required to provide a correlation withyj Oqaﬁci
Deients
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directly related to the ability of equipment to function and directly related to the degree of
ageing performed in the programme. Measured changes shall allow distinguishing the degree
of ageing and shall be consistent enough to establish a qualified condition. The method used
and performance of condition monitoring shall provide for high accuracy and reproducibility. If
condition data is taken during type testing, the user may choose whether to base qualification
on qualified life from the traditional methodology or on condition-based results. When
condition-based qualification is used, the equipment remains qualified until it reaches a point
prior to the end condition that takes into account margin.

Condition monitoring shall be performed during the whole operating life by adapting
periodicity. As the qualified equipment approaches the qualified condition, periodic condition
monitoring may be implemented at an increased rate to determine if actual ageing is occurring
at a slower rate, and if further qualified service is possible based on the condition monitoring
results.

The documentation for condition-based qualification shall contain a full description of the test
methods, limitations on use of the results, and the age conditioning methods used.

NOTE Methods for condition monitoring of electrical equipment important to safety in nuclear power plants are
available in the IEC/IEEE 62582 series of standards.

7 Qualification program

71 General

The essential programme elements are described in 5.3. This clause provides additional
details for these elements.

7.2 Equipment specification
7.2.1 General

Equipment specification documentation shall provide essential information about the
equipment to be qualified. At a minimum, it shall contain the items specified in 7.2.2, 7.2.3,
7.2.4, 7.2.5, and 7.2.6. The documentation shall include a statement of the acceptance
criteria.

7.2.2 Equipment identification

A technical description of the equipment to be qualified, including applicable performance and
qualification standards, shall be provided. The description shall identify the equipment and its
internal design as comprehensively as necessary and shall include required performance of
the device. It shall be detailed enough to allow evaluation of the identity between the
equipment which has been type tested and the installed equipment. The drawings, bill of
material and details that precisely explain the components/assembly, instructions, manual,
etc., shall be part of the identification details.

7.2.3 Interfaces

The interface between the electrical (seals, gaskets, penetrations) and mechanical
connections shall be specified. Interfaces between electrical or mechanical equipment (e.g.,
mechanical coupling between a motor or valve, or electrical link between interconnected
electrical equipment) shall also be considered.

Loadings at interfaces [e.g., physical attachments, mounting, auxiliary components,
connectors (electrical and mechanical) to the equipment at the equipment boundary] shall be
specified. Motive power or control signal inputs and outputs, and the physical manner by
which they are supplied (e.g., connectors, terminal blocks), shall be specified. Control,
indicating, and other auxiliary components mounted internal or external to the eturBe&t and
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required for proper operation shall be included. Material incompatibilities at interfaces shall be
considered and evaluated.

7.2.4 Qualified life objective

The equipment qualified life objective of the programme shall be stated.

7.2.5 Safety function(s)

The equipment specification shall identify the equipment’s safety function(s) including the
required operating times (duration and number of cycles of operation).

Components not involved in the equipment’s safety function(s) may be excluded from the
qualification process if it can be demonstrated and documented that assumed failures,
including spurious operation, have no adverse effect on any and all safety functions, have no
adverse effect on the safety function of interfaced equipment, would not mislead an operator,
and shall not fail in a manner as to fail other electrical equipment important to safety.

Operational performance requirements under normal, abnormal and accident conditions shall
be specified. If bounding requirements are not used, the performance requirements shall be
specified with respect to the location(s) in the plant where equipment will be installed. These
performance characteristics may include the range of voltage, frequency, load, output
accuracy and stability, response time, electromagnetic interference and other electrical
characteristics, such as insulation resistance, and dielectric withstand. If the equipment
specification includes design provisions, they shall be identified.

7.2.6 Service conditions
7.2.6.1 Normal and abnormal service conditions

The service conditions for the equipment shall be specified. These conditions shall include the
nominal values and their expected durations, as well as extreme values and their expected
durations. Examples include, but are not limited to the following:

a) ambient pressure and temperature,

b) relative humidity,

c) radiation environment,

d) seismic and non-seismic vibration,

e) operating cycles,

f) electrical loading and signals (voltage/current and frequency variations),

g) condensation, chemical spray, and submergence,

h) EMI/RFI and power surges.

7.2.6.2 Design basis event conditions

The postulated DBE conditions including specified high-energy line break, loss-of-coolant
accident, main steam line break, and/or seismic events taken into account for plant design,
during or after which the equipment is required to perform its safety function(s), shall be
specified. Equipment shall be qualified for the duration of its operational performance
requirement for each applicable DBE condition, including any required post DBE operation
period.

7.2.6.3 Design extension conditions

Some equipment needs to be qualified for conditions that are beyond design basis of the plant
(e.g., extended station black out, extreme natural hazards, and severe accident). For such
equipment plant specific accident profile may be used for component specific lification
requirements. ODaOCﬂFnents

Document Sharing Hub

Full document details: IEEE 60780-223-2016


http://www.avadocuments.com/doc/ieee-60780-223-2016
http://www.avadocuments.com/doc/ieee-60780-223-2016

