en-fr)

IEC/IEEE 60780-!2%%!

&IEEE  IEC/IEEE 60780-323

Edition 1.0 2016-02

INTERNATIONAL |
STANDARD QQ} i

NORME N\
INTERNATIONALE QO

AN,

Nuclear facilities — Electrical equipment importa%ety — Qualification

2
Installations nucléaires — Equipements élecN s importants pour la sdreté —

Qualification 0

a9


https://www.stdhive.com/standards/iec-ieee-60780-323-ed-10-b2016-pdf/

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 a. 4 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 innov. tion a1d excellence for
the benefit of humanity. IEEE and its members inspire a global community through itc hichly 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 b =r nublished.

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, technicx
committee,...). It also gives information on proj=ts,
replaced and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpu >lisi. >~
Stay up to date on all new IEC publications. . 'ust . blished
details all new publications released. Av~ilab = online and
also once a month by email.

Electrop’ dia - www.electropedia.org

The vorlc’s le ading online dictionary of electronic and
ele~trice ' terms containing 20 000 terms and definitions in
Engiich ard French, with equivalent terms in 15 additional
languages. Also  known as the International
Slec rotechnical 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.


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
https://www.stdhive.com/standards/iec-ieee-60780-323-ed-10-b2016-pdf/

118 & IEEE IEC/IEEE 60780-323

]
®

Edition 1.0 2016-02

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Nuclear facilities — Electrical equipment importaricto cafety — Qualification

Installations nucléaires — Equipements électiiqucs importants pour la slreté —
Qualification

INTERNATIQNA.
ELECTROTEC.!NICAL
COMMIE SION

“OM. 11ISS.ON
ELZCTROTECHNIQUE
INTERNATIONALE

ICS 27.120.20 ISBN 978-2-8322-3168-5

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-ieee-60780-323-ed-10-b2016-pdf/

-2- IEC/IEEE 60780-323:2016
© IEC/IEEE 2016

CONTENTS

O T 1 4
LN I 0 7 16 L@ 1 ] P 6
1 SCOPE ANA OB O T .. i e 8
2 Normative referENCes ... .o e 8
3 Terms and definitioNS ... e 8
4  Symbols and abbreviations ... 12
5 Principles of equipment qualification ... 12
5.1 Qualification ObJECHIVE ... e 02
5.2 Qualified life and qualified condition ... 13
5.3 Qualification elemMeNtS ... ...c.iiii e 13
5.4 Qualification documentation ..........ooiiiiiii e e 13

6 Qualification Methods ... s e 14
6.1 Initial qualification ........ ..o e 14
6.1.1 Type testing ..o R, O A 14
6.1.2 Operating EXPeriENCe .. ..o et e 14
6.1.3 ANALY SIS .o 14
6.1.4 Combined methods ... e 14

6.2 Reassessing qualified life ... e e 14
6.2.1 GENETAL i 14
6.2.2 Method 1: Using conservatiSm........ oo 15
6.2.3 Method 2: Type test on aged sampirsfomtheplant ..................co 15
6.2.4 Method 3: Performing type test for longer qualified life.............c..cooiiin 15
6.2.5 Method 4: Component replRCeEMeit .o 15

6.3 Condition MONITOMING ...eei e e e e e aaas 15

7 Qualification Program ...l i 16
71 LT =Y = = e 16
7.2 Equipment SpPeCITiCTtiorn ... 16
7.2.1 7= a1 =Y 16
7.2.2 Equipmertiacmufication ... 16
7.2.3 LN (= T P 16
7.2.4 Qualiied ife ObJeCHIVE ... 17
7.2.5 Cafety TUNCHION(S) e 17
7.2.6 Service CONAItIONS .. ... e 17

7.3 Qunlification programme Plan ... 18
7.3.1 7= 1= =Y 18
7.3.- A GBI e 18
7.3.3 Significant ageing mechanisms ..ot 18
7.3.4 Qualified life ObJECHIVE ... ... 19
7.3.5 Service condition MaArgin ... 19
7.3.6 MaiNtENANCE ... e 19
7.3.7 AcCCEePtanCe Criteria ... ..coo.iiiii 19

7.4 Qualification programme implementation ... 19
7.4.1 TP 1S NG e 19
7.4.2 Operating EXPEIENCE ....uiv e 25
7.4.3 Qualification with @nalysis .........cciiiiiiii 26


https://www.stdhive.com/standards/iec-ieee-60780-323-ed-10-b2016-pdf/

IEC/IEEE 60780-323:2016 -3-
© IEC/IEEE 2016

7.4.4 MoOdifiCatioONS. ... e 27

S T I Lo Yo 1o ¢ = 0 €= 1 { o o 1S 27
8.1 LT =Y o = = 27
8.2 General documentation reqUIremMeNnts ............cooiiiiiiiiiii e 27
8.3 Specific documentation requirements for mild environment ...................... 28
8.4 Specific documentation requirements for harsh environment ............................ 28

=71 o] ToTo | =T o 4|V PPN 29

Table 1 — Minimal test margins recommended for DBES..........ccooiiiiiiiii i 21


https://www.stdhive.com/standards/iec-ieee-60780-323-ed-10-b2016-pdf/

-4 - IEC/IEEE 60780-323:2016
© IEC/IEEE 2016

NUCLEAR FACILITIES - ELECTRICAL EQUIPMENT
IMPORTANT TO SAFETY — QUALIFICATION

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committe.s o1 the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consnsu>
development process, approved by the American National Standards Institute, which brings together vc'unte ars
representing varied viewpoints and interests to achieve the final product. Volunteers are ‘not nece.sarily
members of IEEE and serve without compensation. While IEEE administers the process and e’ ablis>~s rules
to promote fairness in the consensus development process, IEEE does not independently evalute, test, or
verify the accuracy of any of the information contained in its standards. Use of IEEE Stani'ards documents is
wholly voluntary. IEEE documents are made available for use subject to important notices an\' legal disclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by a_reer..»nt Letween the two
organizations. This Dual Logo International Standard was jointly developed by-‘he .=7 and IEEE under the
terms of that agreement.

2) The formal decisions of IEC on technical matters express, as nearly as possible, .'n international consensus of
opinion on the relevant subjects since each technical committee hc = re presentation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, «..c=-consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is de*tziminel by a balanced ballot of materially
interested parties who indicate interest in reviewing the piopo.ed s!andard. Final approval of the IEEE
standards document is given by the IEEE Standards Associc®ion ['EE.Z GA) Standards Board.

3) IEC/IEEE Publications have the form of recommendations fc: iniernational use and are accepted by IEC
National Committees/IEEE Societies in that sense. Whil': all reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IE™ or IEEE cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natinrnal Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently > 1) e maximum extent possible in their national and regional
publications. Any divergence between any iZC/ EE= Publication and the corresponding national or regional
publication shall be clearly indicated in the 1a ter.

5) IEC and IEEE do not provide any attectat. \n ¢. conformity. Independent certification bodies provide conformity
assessment services and, in some aea. access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by indepe 1derni¢ certification bodies.

6) All users should ensure that tkcy have the latest edition of this publication.

7) No liability shall attach to |IEU or (EEE or their directors, employees, servants or agents including individual
experts and members of . chnical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards C~c.dina'ing Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal inju v, pr perty damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including 'egyal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publiaation or ¢y other IEC or IEEE Publications.

8) Attentioi. is L awn :o the normative references cited in this publication. Use of the referenced publications is
indispensa ~le tur the correct application of this publication.

9) Atten’on is urawn to the possibility that implementation of this IEC/IEEE Publication may require use of
materic | covered by patent rights. By publication of this standard, no position is taken with respect to the
2xiste2 e or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
iauntifyir 3 Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
valicity ‘'or scope of Patent 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.

International Standard IEC/IEEE 60780-323 has been prepared by subcommittee 45A:
Instrumentation, control and electrical systems of nuclear facilities, of IEC technical
committee 45: Nuclear instrumentation, in cooperation with the Nuclear Power Engineering
Committee of the Power & Energy Society of the IEEE, under the IEC/IEEE Dual Logo
Agreement between IEC and IEEE.
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This publication is published as an IEC/IEEE Dual Logo standard.

NOTE A list of IEEE participants can be found at the following URL:
http://standards.ieee.org/downloads/60780/60780-323-2016/60780-323-2016_wg-participants.pdf

This new edition cancels and replaces the first edition of IEC 60780, published in 1998. It
constitutes a technical revision. It also supersedes IEEE Std 323-2003.

The main technical changes with regard to IEC 60780:1998 are as follows:

e to harmonize in a unique standard qualification practices formerly given by
IEC 60780:1998 and IEEE Std 323-2003 on initial qualification,

e to take into account the need to reassess and extend the qualified life of elevtrical
equipment regarding projects to extend the operating life of nuclear facilities.

This revision incorporates current practices and lessons learned from the implei ‘enwtion of
previous versions of this standard by the nuclear industry.

Several issues are clarified or changed in this revision:

e This standard defines the methods for equipment qualification when .* is esired to qualify
equipment for the applications in the environments to whici. i. 1.2y oe exposed. This
standard is generally utilized for qualification of all electrical equiy meat important to safety
in accordance with IAEA terminology. The documentatiori and est requirements are,
however, more rigorous for equipment located in a harsh enyironment.

e The test margins have been updated to better identify the parameters that achieve test
margin on design basis event profiles.

e An important concept in equipment qualific2tioi. is the recognition that significant
degradation could be caused by ageing mechanisms occurring from the environments
during the service life, and therefore equipmentiiportant to safety should be brought to
the end of qualified life (operating ageing) prior to imposing design basis event
simulations. Previous versions recogrised tiiat the period of time for which acceptable
performance was demonstrated is th= (ua:.fied life. The qualified life does not include the
time during or after the accide:i covditions for which qualification is demonstrated
(mission time). The concept uf qualifiad life continues in this revision. This revision also
recognises that the condition ¢® the equipment for which acceptable performance was
demonstrated is the qualifiea condition. Thus, new license renewal and life extension
options are available by ensuring that qualified equipment continues to remain in a
qualified condition.

The text of this stand..d is based on the following IEC documents:

o
{ FDIS Report on voting
45A/1058/FDIS 45A/1075/RVD

Full infermatica on the voting for the approval of this standard can be found in the report on
votina indicated in the above table.

i~ternatiol al standards are drafted in accordance with the rules given in the ISO/IEC
Dn ~ctives, Part 2.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC website
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

*+ amended.
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INTRODUCTION

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 eleztrenic
devices, design and modification of digital systems including V&V activities are not pcrt ¢f
this standard.

Industry research in the area of equipment qualification and decades of its apptication
have greatly benefited this standard. Future activities of the working grouo to u,date this
standard will consider the following:

— Experience and knowledge gained by using condition monitoring techniqu=ss,
— Knowledge gained on ageing mechanisms and kinetics,

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

It is intended that the Standard be used by operators of NPPs (utilities), systems
evaluators, equipment manufacturers, test faciliti=s, a1 alification laboratories and by
licensors.

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 I&C at
system level.

These documents are supplemented b/ g idance on functional classification (IEC 61226),
hardware design (IEC 60987), softxarc (IEC 60880 and IEC 62138), selection and use of
HDL programmed integrated-circ 1iZ ('"EC 62566) and requirements in order to reduce the
possibility and limit the impcct of common cause failure of category A functions
(IEC 62340).

IEC/IEEE 60780-323 ‘s a second level IEC SC 45A document which focuses on
environmental qualificai’sn f electrical equipment important to safety.

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

Recommendation. and limitations regarding the application of this standard

This dua. loyg» standard applies to all electrical equipment important to safety in
accorda, ce with IAEA terminology including Class 1E equipment in accordance with the
IEET: classification scheme and Classes 1, 2 and 3 in accordance with IEC 61226
classification scheme.

t'or eqJipment 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.

Description of the structure of the IEC SC 45A standard series and relationships
with other IEC documents and other bodies documents (IAEA, 1SO)

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.


https://www.stdhive.com/standards/iec-ieee-60780-323-ed-10-b2016-pdf/

IEC/IEEE 60780-323:2016 -7-
© IEC/IEEE 2016

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 Technicai
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 framwcork.
Regarding nuclear safety, it provides the interpretation of the general req iremerics 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"'EC 61508-3 for
the nuclear application sector. IEC 61513 refers to ISO as well as to'AEA GS-R-3 and
IAEA GS-G-3.1 and IAEA GS-G-3.5 for topics related to quality assurai.ce (LA).

The IEC SC 45A standards series consistently implements and A=ta.'s .he principles and
basic safety aspects provided in the IAEA code on the safety of I'PPs and in the IAEA
safety series, in particular the Requirements SSR-2/1, establisi.'ng safety requirements
related to the design of Nuclear Power Plants, and the Tafity Guide SSG-39 dealing with
instrumentation and control systems important to safety 'n iiuclear 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 updaiing
qualification, as required, if the equipment is modified. The qualification requirements . th::
standard, when met, demonstrate and document the ability of equipment to perform saicty
function(s) under applicable service conditions, including design basis eventL an!' czrtain
design extension conditions, and reduce the risk of environmentally induced common-cause
equipment failure.

This standard does not provide environmental stress levels or performance requi-ements.

Other aspects, relating to quality assurance, selection and use o1 :lec ronic devices, design
and modification of digital systems are not part of this standard.

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

2 Normative references

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

IEC 60980, Recommendec p actices for seismic qualification of electrical equipment of the
safety system for nuclea gene:iating stations

IEEE Std 344™-20 '3, 'EEE Standard for Seismic Qualification of Equipment for Nuclear
Power Generating Sta ‘ons

3 Terms ond definitions
Fcr thien arposes of this document, the following terms and definitions apply.

3.1

a_e conditioning

nrocess 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
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