IEC 63147:2017-12(en) |IEEE Std 497-2016

¢ IEEE IEC 63147

Edition 1.0 2017-12

INTERNATIONAL IEEE Std 497™
STANDARD

N\
Criterilfor accident monitoring instrumentati\QQ%r nuclear power gengrating
station QO
<



https://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

THIS PUBLICATION IS COPYRIGHT PROTECTED

Copyright © 2016 IEEE

All rights reserved. IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of
Electrical and Electronics Engineers, Inc. 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 from the IEC Central Office. Any questions about IEEE copyright should be addressed to the
IEEE. Enquiries about obtaining additional rights to this publication and other information requests should be
addressed to the IEC or your local IEC member National Committee.

Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue
New York, NY 10016-5997

Switzerland Inited States of America
Tel.: +41 P2 919 02 11 stds.info@ieee.org

Fax: +41 P2 919 03 00 www.ieee.org
info@iec.¢h

www.iec.¢h

About the IEC

The Interng
Internationg

About IEC
The technig
latest editio

IEC Catalog
The stand
bibliographig
Technical
documents.
iPad.

publications

ue - webstore.iec.ch/catalogue

alone application for consulting the entire
al information on IEC International Standards,
Bpecifications, Technical Reports and other
Available for PC, Mac OS, Android Tablets and

IEC publications search - www.iec.ch/searchpub

The advanc
variety of
committee,.
and withdra

IEC Just Py
Stay up to
details all 1
also once a

ed search enables to find IEC publications by-a

criteria  (reference number, text, technical
.). It also gives information on projects, replaced
vn publications.

blished - webstore.iec.ch/justpublished

late on all new IEC publications. Just Published
ew publications released. Available online and
month by email.

tional Electrotechnical Commission (IEC) is the leading global organization.that prepares an
| Standards for all electrical, electronic and related technologies.

al content of IEC publications is kept under constant review by the IEC.\Please make sure that y
h, a corrigenda or an amendment might have been published.

Electropedia—~Www.electropedia.org
The world's\Jeading online dictionary of elg
electrical terms containing 20 000 terms and
English;'and French, with equivalent terms in 1
langtiages. Also known as the International Ele
Vécabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary
65 000 electrotechnical terminology entries in
French extracted from the Terms and Definitio

H publishes

bu have the

ctronic and
efinitions in
6 additional
Ctrotechnical

English and
s clause of

IEC publications issued since 2002. Some entrieg have been

collected from earlier publications of IEC TC 37
CISPR.

77, 86 and

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

If you wish to give us your feedback on this p|
need further assistance, please contact the Custd
Centre: csc@iec.ch.

Liblication or
mer Service



mailto:stds.info@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://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

€ IEEE IEC 63147

Edition 1.0 2017-12

INTERNATIONAL  |EEE Std 497™
STANDARD

X\
Q
v
A
N
@‘b
Q/O
;\\
& ©
\¥
Criterig for accident monitoring instrumentat@? for nuclear power genegrating
stations QO
\‘(\@
N
4\
xO
<
&
>
W
X
3
N
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 27.120.20 ISBN 978-2-8322-5031-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

IEC 63147:2017 © IEC 2017 —-i-
IEEE Std 497-2016

Contents
L. OVEIVICW ..eviiteiieitett et eteetestteste et e est e eateesee st aeaseenseenseessesaaesseesseenseenseanseessenssensaensaenseensesnsesnsesneanseansennsenns 1
L BT eTe) oL OO O OO TSPRTRPPPROP 1
LL2 PUIPOSE ettt ettt ettt ettt et e b e st e bt e s et e e bt e s ab e e bt e e st e ettt e sab e e bt e e sabeebbeesabeenbteennbeeaes 1
L N o3 o) o1 10 o TSP 1
2. NOTIALIVE TEIRIETICES  ...uveeutiiiiiiiie ittt ettt ettt et e bt et et s etesaee st e e bt e st e es b e et ee st e e beenbeembeemaesaeesaeenaeeneeenneens 2
2.1 Normative references for IEEE dOmain..........ccoooiiiiiiiiiiinieiiiie e e 2
2.2 Normative references for IEC doOmain.....ueeeeeeeieieiiieiiiiiiieiiieiiiiiieiiieiiieeiieieiiiiieieciice e, 3
3. DETINITIONS ..ttt ettt sttt ettt eat e sae e st e b e e bt esbesaeesbeesbeebeenteenteeneeeseens fTge aeeheneeenae 3
4. SCIECTHION CIILETIA . c.veetieuiiiieiie ittt ettt ettt ettt et et st setesaeesbeeteesteeseesbeesseeseesepore deeeeneeseeense reeeneans 6
4.1 Tlype A VariabIes........cceecueeieiierieieeieeiesiesieesee e eeeseneseeesseessessesnesnesseenseesess B erneneeseese s b 6
4.2 TIype B Variables .......ccueeieeiieiieiieiecie ettt £t oa e e s e neenseenne s esaenes 6
4.3 TIyPe C VATIADIES .....eeeviieeieiieiieieeie ettt ettt eve sttt e e esseesesaesaee s fETapan s ennseesnessaenseenseenseshennenns 7
4.4 TIype D VariabIes.......cceecueeieriieiieieeie ettt eve e see e sse e sne s epfe e e e enteensessaesseeseesesthesaenas 7
4.5 Tlype E variables ........c.eccveeierieniieiieie et eee e sieeseesse e s e Nttt e e b 7
4.6 Tlype F variables ........cccccveieiiienieiieie ettt ettt h e 8
4.7 Documentation of SElECtiON CIILETIA .......evueeruieriieiieiiieiieeie e ettt ettt sree e eee s e 8
5. Perfolmance CIItEIIA .......ceueriirieriieiceieete e B et seeesbeenbe et enteeneesbeesbeenbeenseshesaeenaee 9
ST RIANEE c.eeieiiieie et ittt e e et e et e e steeebeesnreeenbeesnseeenseesheeeaeens 9
5.2 ACCUIACY c.tvieeieeiiieiieeiteeieeeieeesteeesteeeieesreeesee s n @b e etaeenseesteeenseesseeeseessseessseesnseessseesseessseesshesasseens 9
5.3 RIESPONSE LITIC ....veeeueieeniieeiieeiieeieeeieeeieeeieeeee fa e enseesnseesnseessseessseesnsaessseessesssseesssesssseessessssessthessssees 10
5.4 Required operating time ...........cceeverveeveeeee oot cie et ste sttt esee e steesseeseensesnnesnnesneesahenseenes 10
5.5 RCHADIIILY oot S ettt ettt re e e snesneesnee s enaeenns 10
5.6 Documentation of Performance Criteridu, ... ...uuuerrirreeirerierieriereeeieeteeeeseresreesseeseesesaesseesneeshenseens 10
6. DESIGN CIILETIA ...uveeieeieiieiieieeieee 0o ettt et te st e stte st et et e eneeestesseeseesseesseensesnnesnnesseeseenseensensedhusssnens 11
6.1 SINGLE FAIIULC....c.eeeiieieee e e ettt sttt et ssaesteesse e seensesnnesnnesneesahenseenns 11
6.2 Jommon CaUSE FAITUIE ... .00 c.oiieieiieie ettt teebeesesnesnnesnee s enseens 11
6.3 Ihdependence and phystEal SEPATALION........eeecviiiiireeiiieiiieeiieeieeeieesreeeree e e sreesreessreesseessseestheesavens 11
6.4 TR01ATION ..o hc et 12
6.5 TRformation aMDbIZUIEY .......covuiiiiieiieiieieette ettt ettt ettt sttt e s seeseeesnee e 12
OO & XS B 0] 0] A USSR UUSTUUSUSUSUPSRPREN SR 13
0.7 (aliDTation . . ettt et ettt ettt sb e bt e be e beentesneesneesnee s enieenee 13
0.8 T eStaADILIETIIN . ettt ettt et ettt sa e bt be e be et saeeseeesnee s enie e 13
6.9 DNICCHUTNCASUICIIICNE .......eeeeeeietretienteeeteeetesteesseeseesesseseeesseesseesseenseansesssesssesseessessessesssesseesseesshesseenes 14
6.10 [COMELOL OF ACCESS ..eovviuiiieieiiieiieti ettt ettt sttt et e entesnaessaesseesseensesnsesnsessnesnnesshenseenes 14
6.11 Matnterafee-apdrepattr—mmmr T T T T T T T T T T T T T T e 14
6.12 MiNIMIiZIiNgG MEASULCINICIILS........eevieereereerterteesteesseesseeseseesseesseeseesseanseessesssesseessesssesssesssesssesseesseenseenes 14
6.13 Auxiliary SUPPOTTING FEATUIES ......eecvieiieeieeiieriierieeie e ete sttt et e e e te e se e b e ensesnsesseesneenseenseenes 14
6.14 POrtable INSIIUMEINLS ........ceiuieriietietieteeieeiesteesteeteetestestesseeseesseenseessesssesseenseenseensesnsesssesneesseenseenes 15
6.15 Documentation Of deSIZN CIIEIIA. .....ccueiiiuieeriiiiitieeiieeiee et et eeteeeteeebeesbeeeaaeesbeessbeessbeensseessseensseas 15
7. QUALTICATION CTIEEIIA. ...uveevreeeieeitieestieesiee ettt eiteestteetteeteeetaeeteeestaeesseesssaeesseesnsaeenseesnsaesnsessnseeensessnsasenseenns 15
T 1 TYPE A VATIADIES.....ueieiieeiie ettt ettt e et e steeeabeesbeessbeesssaeesseessseessseesssaessseesnsaenssaensseenssens 15
B S To A o1 o) (<SPPSR 15
7.3 TYPE € VATTADLES ..cvveeeevieeiie ettt et e et et e et e st e eabeesabeessbeessbaeesseessbeeessaesssaessseesnsaensseensseenssens 16
A TS D ATV 21 o) USSR 16
T TS DY o1 o) USSR 16

Published by IEC under license from IEEE. © 2016 IEEE. All rights reserved.



https://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

76T

7.7 Portable instruments
7.8 Operating time
7.9 Documentation of qualification criteria

8. Display criteria
8.1 Display characteristics

82T

8.3 Display identification
ype of monitoring channel diSPlay .........c.cocvevierierierieieies et
8.5 Display location
8.6 Information ambiguity

84T

—ii— IEC 63147:2017 © IEC 2017
IEEE Std 497-2016

ype F variables

rend or rate information

8.7
8.8
891

9. Quali

Annex 4

CCOTAINIE .o veveoeeemeoemamoonaaeaaemansamanmanmanmaneaaneansaneansenmennamaneaesaesaneenmeneanamenmaaneanseeeaneenenenennnegton]
igital display signal validation ..........ccccceoieiiiiiniinieece e B
ocumentation of diSplay Criteria.........cccvveeeieiriieiieiiieecie e eree e eee e eseee e veeeeee b b e ene

A5 S B8 1 O PP

\ (informative) Accident monitoring instrument channel accuracy............Xd.ooercniencenennd

N | ST 5o e 0 To7 5 (o) s KU USRS S8, N SRR

A2 4
A3l

Annex H

Annex (

Annex |

Annex H

\ccuracy requirement groupings according to USAZE ......vevvverveerveenpee eV euieiieireieeveeeveneeeeend
'ypical aCCUIaCy TEQUITCINENLS ......eeveeeererereeeeieteeteereeaesseesseene 0 e saeesseenseenseenseensessnesseensend

(informative) Examples of monitoring channel diSplaySast...veevereereerenieerienienieneeenenn
(informative) Operational state diagram ............cccs i ereeeeeeereerierieesreeseeseeseeseeesseenseeneeend
(informative) Bibliography ........cooeeiiienc st

(informative) IEEE list of participants {ofh . .ueeeiieniieniieiiecieeieece e

Published by IEC under license from IEEE. © 2016 IEEE. All rights reserved.



https://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

IEC 63147:2017 © IEC 2017 — i —
IEEE Std 497-2016

1

2)

3)

4)

5)

6)
7)

8)

9)

CRITERIA FOR ACCIDENT MONITORING INSTRUMENTATION
FOR NUCLEAR POWER GENERATING STATIONS

FOREWORD

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 Publlcatlon( )’). Thelr preparatlon is entrusted to technlcal committees; any
IEC
Interpational, governmental and non- governmental organlzatlons liaising with the IEC also pattigipate in
this preparation.

IEEH Standards documents are developed within IEEE Societies and Standards Coordinating Corpmittees
of the IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a
consgnsus development process, which brings together volunteers representing varied viewpojnts and
intergsts to achieve the final product. Volunteers are not necessarily members of-IEEE and servg without
compensation. While |IEEE administers the process and establishes rules tg,.promote fairnespg in the
consensus development process, IEEE does not independently evaluate, test,“or verify the acduracy of
any ¢f the information contained in its standards. Use of IEEE Standards,decuments is wholly vpluntary.
IEEH documents are made available for use subject to important notices and legal disclaimprs (see
http:{/standards.ieee.org/IPR/disclaimers.html for more information).

IEC ¢ollaborates closely with IEEE in accordance with conditions<{determined by agreement betyeen the
two qrganizations.

The |[formal decisions of IEC on technical matters expressy{ as nearly as possible, an intefnational
consgnsus of opinion on the relevant subjects since each technical committee has representation| from all
intergsted IEC National Committees. The formal decisionsef IEEE on technical matters, once consensus
within IEEE Societies and Standards Coordinating Committees has been reached, is determined by a
balapced ballot of materially interested parties who,indicate interest in reviewing the proposed standard.
Final approval of the IEEE standards document is dgiven by the IEEE Standards Association (IEEE-SA)
Stanpards Board.

IEC/|EEE Publications have the form of recommendations for international use and are accepteq by IEC
Natignal Committees/IEEE Societies in that sense. While all reasonable efforts are made to engure that
the technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the
way |n which they are used or for anymisinterpretation by any end user.

In orfer to promote international unjformity, IEC National Committees undertake to apply IEC Pubfications
(incliding IEC/IEEE Publications) transparently to the maximum extent possible in their natignal and
regignal publications. Any divergence between any IEC/IEEE Publication and the corresponding|national
or regional publication shallbe clearly indicated in the latter.

IEC Jand IEEE do not\ provide any attestation of conformity. Independent certification bodies| provide
confgrmity assessment-services and, in some areas, access to IEC marks of conformity. IEC apd IEEE
are rjot responsible for any services carried out by independent certification bodies.

All ugers should énsure that they have the latest edition of this publication.

No l|ability shall attach to IEC or IEEE or their directors, employees, servants or agents ihcluding
indivjdual ‘experts and members of technical committees and IEC National Committees, or volunjteers of
IEEH Soeieties and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board, for any personal Injury, property damage or other damage of any nature whatsoever,
whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication,
use of, or reliance upon, this IEC/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications
is indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity 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.

Published by IEC under license from IEEE. © 2016 IEEE. All rights reserved.



http://standards.ieee.org/IPR/disclaimers.html
https://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

—iv— IEC 63147:2017 © IEC 2017
IEEE Std 497-2016

International Standard IEC 61347/IEEE Std 497™-2016 has been processed through IEC
subcommittee 45A: Instrumentation, control and electrical power systems of nuclear

facilitie

s, under the IEC/IEEE Dual Logo Agreement.

The text of this standard is based on the following documents:

IEEE Std FDIS Report on voting
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Abstract: Established in this standard are criteria for variable selection, performance, design,

and qualification of accident monitoring instrumentation for anticipated operational, design basis
events and severe accidents.

Keywords: accident monitoring, design criteria, display criteria, IEEE 497™, performance
criteria, selection criteria, severe accidents, type variables
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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 Stpndardsdoctume standardstreeo crrdedpracticesandgutdes)yboth-fil=tuseand-trtakuse, are
developgd within IEEE Societies and the Standards Coordinating Committees of the IEEE \Sfandards
Associafion (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standatds “thfough a
consenspis development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve, the final product.
Volunteprs 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 devdlopment
process,| IEEE does not independently evaluate, test, or verify the accuracy of(any of the informatiqn or the
soundngss of any judgments contained in its standards.

IEEE dqges not warrant or represent the accuracy or content of the matetial contained in its standqrds, and
expresslly disclaims all warranties (express, implied and statutor$) not included in this or apy other
document relating to the standard, including, but not limited to,the/warranties of: merchantabilityf; fitness
for a pafticular purpose; non-infringement; and quality, accuracy; effectiveness, currency, or comgjleteness
of matetial. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlile effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of gn 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 servicep related
to the sqope 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 cqmments
received from users of the standard.

In publighing and making its standatrds 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 owegl by any
other pefrson or entity to anotheryAny person utilizing any IEEE Standards document, should rely fipon his
or her qwn independent judgment in the exercise of reasonable care in any given circumstancgs or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of|a given
IEEE standard.

IN NO EVENTSHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SHECIAL,
EXEMHLARY;* OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITHED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA OR PROFITS;
OR BUSENESSHNTERRUPTHION v CAUSEDANDONZAD O O ABILITY,
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.

Published by IEC under license from IEEE. © 2016 IEEE. All rights reserved.
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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

Commehts for revision of IEEE Standards documents are welcome from any interested party, regafdless of
memberghip affiliation with IEEE. However, IEEE does not provide consulting information, of advice
pertainifig to IEEE Standards documents. Suggestions for changes in documents should be‘in-the fprm of a
proposefl change of text, together with appropriate supporting comments. Since IEEE standards regresent a
consens}is of concerned interests, it is important that any responses to comments and,quéstions alsq receive
the con¢urrence of a balance of interests. For this reason, IEEE and the membérns of its socidties and
Standardls Coordinating Committees are not able to provide an instant response te’comments or guestions
except ih those cases where the matter has previously been addressed. For the'same reason, IEEE floes not
respond| to interpretation requests. Any person who would like to participate in revisions to gn IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following addsess:

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

Laws jand regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliafce with
the proyisions of any IEEE Standardssdecument does not imply compliance to any applicable rejgulatory
requiretpents. 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 applicableJaws, and these documents may not be construed as doing so.

Copyrights

IEEE diaft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They ar¢ made“available by IEEE and are adopted for a wide variety of both public and private uses. These
include poth ‘use, by reference, in laws and regulations, and use in private self-regulation, standardlization,
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 ordeqto—determime—wirethera—grvemrdocument Ts—thecurrenteditiomramdt-wicther tas—beemrgmended
through| the issuance of amendments, corrigenda, or errata, visit the IEEE-SA ,Website at
http://iegexplore.ieee.org/Xplore/home.jsp or contact IEEE at the address listed previously.” Fpr more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE{SA Wgbsite at
http:/stgndards.ieee.org.

Errata

Errata, {f any, for all IEEE standards can be accessed on the IEEE-SA Website at the followirlg URL:
http://stgndards.ieee.org/findstds/errata/index.html. Users are encourageéd to check this URL fqr errata
periodicplly.

Patents

Attention is called to the possibility that implementation of‘this standard may require use of subje¢t matter
covered|by patent rights. By publication of this standard{no position is taken by the IEEE with rdspect to
the exisfence or validity of any patent rights in conngction therewith. If a patent holder or patent gpplicant
has filed a statement of assurance via an Accepted-Letter of Assurance, then the statement is listefl on the
IEEE-SA Website at http://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurafice may
indicate| whether the Submitter is willing cor unwilling to grant licenses under patent rights [without
compengation or under reasonable rates, witlr reasonable terms and conditions that are demonstrably free of

Patent Claims may exist for which a Letter of Assurance has not been received. The IEHE is not
responsible for identifying Essential Patent Claims for which a license may be required, for copducting
inquirie$ into the legal validity or scope of Patents Claims, or determining whether any licensing ferms or
s provided in connection with submission of a Letter of Assurance, if any, or in any ljcensing
agreemgnts are reasonable or non-discriminatory. Users of this standard are expressly adviped that
determination of the{validity of any patent rights, and the risk of infringement of such rights, is|entirely
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IEEE Introduction

This introduction is not part of IEEE Std 497™-2016, IEEE Standard Criteria for Accident Monitoring Instrumentation

for Nuclear Power Generating Stations.

History

This standard evolved from IEEE Std 497™-2010 [B4]'. It represents a continued effort by IEEE to
support the specification, design, and implementation of accident monitoring instrumentation of nuclear

power gprerate-stations:

IEEE S{d 497-2010 [B4] was developed to provide criteria for advanced instrumentation_system|
and desjgn modifications based on modern digital technology. It marked a clear path.' forward
applicatjon of new technology. Though still maintaining applicability to existing systems, this ve
IEEE Std 497 provides more current guidance based on historically related standards ‘and guidance.

It was the working group’s intention that the criteria of this standard address the variety of
accidenf monitoring channel configurations that current technology affords. I’ was also the working]
intentiof to address the display of information using computer generated displays and calculateg
The critpria presented in this standard provide guidance in this area without limiting the types of
that can|be made available to accident management personnel.

Historicplly the standard addressed accidenf)monitoring instrumentation used for anticipated o
occurrefces (AOOs) and design basis eyents (DBEs). To address lessons learned from various
events, the scope of this standard has ¢velved to now include severe accidents. This evolution was
to provifle a broader applicability to\cover both preventative and mitigative phases of potential plan
A broader applicability of the standard was also achieved by moving to a more international, ted
neutral gpproach to the standard* This approach was achieved by changing to International Atomid
Agency|(IAEA) definitions ‘of terms, where applicable; the removal, where appropriate, of U.S.
references; and involvenment in the working group of members of other standards organ|
Furtherthore, the corresponding International Electrotechnical Commission (IEC) counterparts to t
standards referenged were investigated and introduced as a second set of normative references. Th
the posdibility ¢exapply this standard in the IEC domain. The individual IEEE and IEC referenc
whole afe individually appropriate for use in the application of the standard, but inclusion of the I}
IEC refgretices does not imply equivalency between the individual references of the two sets.
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Intended use

The standard applies to instrumentation intended for use during anticipated operational occurrences
design basis events (DBE), and design extension conditions (DEC) including severe accidents.

This standard defines severe accidents as a subset of design extension conditions during which fuel

(AOO),

damage

has occurred. Operationally, severe accidents and design extension conditions without fuel damage are

' The numbers in brackets correspond to those of the bibliography in Annex D.
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distinguished by the procedures and guidelines used to manage the event, with emergency operating
procedures (EOP) used for design extension conditions without fuel damage and severe accident mitigation
guidelines (SAMG) used for severe accidents (see Annex C).

The standard is to be applied to instruments designated for severe accidents (Type F variables); however,
use of non-designated instruments during a severe accident is not precluded if these instruments are
available and can aid in the accident mitigation. Design extension conditions that are not severe accidents
are not covered by this standard.

This standard is intended to be used for both new plant designs and major modifications or upgrades of
existing nuclear power generating stations. The standard can be applied to various reactor types used for
power generation; however, development of the standard focused on light water reactors and application of
the stanflard to reactor technologies beyond light water reactors should be evaluated prior to initial §se.

Revisjon summary

Since IHEE Std 497 was approved in 2010, industry events have occurred that highlighted the neegl for the
standard to address not just design basis events but severe accidents as well.“The working group has
consideted and incorporated appropriate changes related to the following sigfificant items:

— [Lessons learned from industry events including Fukushima (earthquake and tsunami), [Browns
Ferry (tornado), Salem (loss of RPS due to CCF), and North Anna (earthquake)

— MAccident monitoring instrument requirements based ¢n ‘€mergency procedures and gyidelines
EOPs and SAMGs)

— Reactor technology neutral approach

— [nternational usability

—  User feedback

— Requirements for severe accidents iistrumentation

— [AEA definitions

Other mjinor editorial improvements throughout the standard were also incorporated.

Future work

As the yse of digital technology in the nuclear plant is a dynamic area of design, the working grouy} intends
to keep this area.as an ongoing future task.

Since nacennterpart to this standard exists in the TEC domain _this standard was identified as a potential
candidate for a dual-logo standard to be applied in both the IEEE and the IEC domain early in the course of
this revision. A joint group of both organizations identified topics and aspects to be harmonized and
recommended to proceed. Thus the recent revision was performed with the intent and the spirit to prepare
and facilitate the application for the IEC domain. Formal involvement of the IEC was delayed. This
revision of the standard is, therefore, still an IEEE standard, but may be further modified in the future after
closer investigation by and discussion with IEC experts on its potential as a dual-logo standard.

Another area that the working group believes should be considered in a future revision to the standard is
how to adopt risk-informed techniques into accident monitoring criteria.
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Additionally, user feedback related to the implementation of the standard on non-light water reactors and
implementation of Type F variables will be reviewed and considered for a future revision.
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Standard Criteria for Accident
Monitoring Instrumentation for Nuclear

Power Generating Stations
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TANT NOTICE: IEEE Standards documents are not intended to ensuré safety, security,
onmental protection, or ensure against interference with or from_otheér devices or n
bnters of IEEE Standards documents are responsible for determining and complying
jate safety, security, environmental, health, and interference\ protection practices

le laws and regulations.

EE document is made available for use subject to important notices and legal disc
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d under the heading “Important Notice” or
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1. Overview

1.1 Sc

This sta
plant de

Dpe

hdard contains the-functional and design criteria for accident monitoring instrumentation
signs and nuclear power generating stations desiring to perform design modifications.

health,
tworks.
with all
and all

Jaimers.

otices and disclaimers appear in all publications. containing this document apd may

laimers
ewed at

for new

1.2 Purpose
The putpe h andard o—estab eHon AP mance—quatifieation—and display
criteria for accident monitoring instrumentation for anticipated operational occurrences, design basis

events, and severe accidents.

1.3 Application

This standard applies to accident monitoring instrumentation intended for use during the following
operations:

As required for planned operator action related to accident mitigation
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— For assessing plant conditions, safety system performance, and making decisions related to plant
response to abnormal events

—  For achieving and maintaining safe shutdown following an accident

This standard does not apply to the following:

— Accident monitoring instrumentation that is intended solely for historical recording or solely for
maintenance purposes

—  Other instrumentation that may be available during accident conditions

2. Nommative references

The foll
be unde
explaing

the refeenced document (including any amendments or corrigenda) applies.

2.1 Normative references for IEEE domain

ASME ]

IEEE St
Nuclear,

IEEE St
Stations

IEEE St
Stations

IEEE St
Generat

IEEE S
Stations

IEEE S
Generat

bwing referenced documents are indispensable for the application of this document (i.e., th
stood and used, so each referenced document is cited in text and its relationship to this doc
d). For dated references, only the edition cited applies. For undated refer€nees, the latest e

NQA-1-2008, Quality Assurance Requirements for Nutlear Facility Applications.”

d 7-4.3.2™-2016, IEEE Standard Criteria for Programmable Digital Devices in Safety Sy
Power Generating Stations.>*

d 308™-2012, IEEE Standard Criteria for-Class 1E Power Systems for Nuclear Power Ge
d 323™-2003, IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Gg
d 344™.2013, TEEE Standard for Seismic Qualification of Class 1E Equipment for Nucled
ng Stations.

d 352™-1987,2IEEE Guide for General Principles of Reliability Analysis of Nuclea

td 379T-2014, IEEE Standard Application of the Single-Failure Criterion to Nuclea

ey must
iment is
lition of

ktems of

nerating

nerating

r Power

 Power

- Power

ngStation Safety Systems.

IEEE Std 384™-2008, IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits.

IEEE Std 577™-2012, IEEE Standard Requirements for Reliability Analysis in the Design and Operation
of Safety Systems for Nuclear Power Generating Stations.

IEEE Std 603™-2009, IEEE Standard Criteria for Safety Systems for Nuclear Power Generating Stations.

2 ASME publications are available from the American Society of Mechanical Engineers, 22 Law Drive, Fairfield, NJ 07007, USA.

Engineers, Incorporated.

The IEEE standards or products referenced in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hose Lane, Piscataway, NJ 08854.
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2.2 No

IAEA G

rmative references for IEC domain

S-R-3:2006, The Management System for Facilities and Activities.’

IEC 60880:2006, Nuclear power plants—Instrumentation and control systems important to safety—
Software aspects for computer-based systems performing category A functions.’

IEC 61225:2005, Nuclear power plants—Instrumentation and control systems important to safety—
Requirements for electrical supplies.

IEC 607

80:1998, Nuclear power plants—Electrical equipment of the safety system—Qualification.

IEC 604
system f

IEC 60
analysis

IEC 62
Require

IEC 60
Separati

3. Defjnitions

For the
Dictiond

accidenf analysis licensing basis: The portions of the licensing basis documentation that desd

design 1
nuclear

accidenf management persomnnel: The personnel authorized to make command and control d

during 4

accurad
ideal de

anticip3
which i

80:1989, Recommended practices for seismic qualification of electrical equipment ofith
or nuclear generating stations.

812:2008, Analysis techniques for system reliability—Procedure for failure”mode and
(FMEA).

B40:2007, Nuclear power plants—Instrumentation and control systems’ important to
ments for coping with common cause failure (CCF).

709:2004, Nuclear power plants—Instrumentation and contro) systems important to
on.

purposes of this document, the following\terms and definitions apply. The IEEE S
ry Online should be consulted for terms 1t defined in this clause.’

asis events (including anticipated operational occurrences), the thermal-hydraulic respon
bower generating station, and fhe subsequent response of the safety systems.
n accident.

y: A measure of the degree by which the actual output of a device approximates the outy
ice nominally performing the same function.

ted ‘'eperational occurrence (AOQO): An operational process deviating from normal o

e safety

effects

bafety—

safety—

andards

ribe the
e of the

ecisions

ut of an

peration
view of

expected to occur at least once during the operating lifetime of a facility but which, in

appropriate design provisions, does not cause any significant damage to items important to safety or lead to
accident conditions.

auxiliary supporting features: Systems or components that provide services (such as cooling, lubrication,
and energy supply) required for the safety systems to accomplish their safety functions.

1400 Vienna, Austria

Geneva 20, Switzerland

" IEEE

Standards Dictionary Online subscription is available at: http://ieeexplore.iece.org/xpls/dictionary.jsp.

IAEA publications are available from the International Atomic Energy Agency, Vienna International Centre, PO Box 100, A-

IEC publication are available from the International Electrotechncial Commission, 3, rue de Varembe, PO Box 131, CH-1211
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common cause failure: Failure of two or more structures, systems, or components due to a shared root

cause.

contingency actions: Alternative actions taken to address unexpected responses of the plant or conditions
beyond its licensing basis (e.g., actions taken for multiple equipment failures).

current value: That magnitude of a variable that is associated with the present time and is available for
display within the response time limits of an information display channel.

design basis event (DBE): Postulated events specified by the safety analysis for the station to establish the
acceptable performance requirements of the structures and systems.

design
basis ac
method

NOTE—]
with corg

display
measurg
the nucl

NOTE—

display
processil
video di
storage

NOTE—

tidents, but that are considered in the design process of the facility in accordance with best
logy, and for which releases of radioactive material are kept within acceptable regulatory li

Design extension conditions include conditions in events without significant fuel degradation and ¢
melting. Severe accidents are included in design extension conditions.®

channel: An arrangement of electrical and mechanical components or.modules, or both,
d process variable to the display device as required to sense, process,«and display condition
par power generating station.

See Figure 1.

segment: The electrical components or modules in ah information display channel that red
hg electronics output and process the signal for input to the applicable display device, s
splay unit (VDU) or indicator (IND). The display segment may include data validation alg
f digital display graphics, and analog or digital display devices.

See Figure 1.

r design
Estimate
mits.

bnditions

fom the
s within

eive the
ich as a
orithms,

instrun]:nt channel range: The region‘between the limits within which a quantity is measured, feceived,
or transinitted and is expressed by stating’the lower and upper instrument channel range value.

isolation device: Device in a dircuit that prevents malfunctions in one section of a circuit from

unaccep

table influences in other sections of the circuit or other circuits.

licensin|

basis documentation (LBD): The set of regulatory requirements applicable to a specifig

power generating station and a licensee’s written commitments for complying with and operatio
applicaljle regulatory requirements and the plant specific licensing basis (including all modificat

additio

to such commitments over the life of the license) that are documented and in effect.

causing

nuclear
h within
ons and

The LBD_m4dy include the following:

— The latest version of the Safety Analysis Report (SAR)

Safety Evaluation Reports (SER)

—  Operating license including the technical specifications, final design certification
— Correspondence between the regulator and the licensee that contains licensing requirements or
commitments for the design or operation of the nuclear power generating station or standard plant
design

8

standard.

Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the
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power sources: The electrical and mechanical equipment and their interconnections necessary to generate
or convert power.

NOTE—Power source and power supply are considered interchangeable in this standard.

precision: The degree of mutual agreement between individual measurements, namely repeatability and
reproducibility.

processing segment: The electrical components or modules in an information display channel that receive
the sensing segment outputs and perform various conversions and compensation on the sensed signal. The
processing electronics may include sensor power supply, analog-to-digital (A/D) conversion, signal
compensation, signal validation, electrical to engineering unit conversion, digital-to-analog (D/A)
conversjon, and ¢lectrical 1solation devices Tor signal intertacing between satety systems and other gystems.

NOTE—See Figure 1
rate: THe first time derivative of the current value.

response time: Duration between the instant of a step change in the measured_quantity and th¢ instant
when thg output signal reaches for the first time a specified percentage of its final value.

safe shytdown: Bringing the nuclear generating station to controlled stable shutdown conditions dpecified
in licending basis documentation.

safety function: One of the processes or conditions essential to maintain plant parameter§ within
acceptalle limits established for a design basis event.

NOTE—A safety function is achieved by the completion of all'required protective actions by the reactor trip $ystem or
the engifeered safety features concurrent with the completion of all required protective actions by the |auxiliary
supportirlg features, or both.

safety system: A system relied upon to refain functional during and following design basis gvents to
ensure: (A) the integrity of the reactor\é¢oolant pressure boundary; (B) the capability to shut dpwn the
reactor pnd (C) maintain it in a safesshutdown condition, or the capability to prevent or mitigate the
consequfnces of accidents that could result in potential off-site exposures beyond applicable rejgulatory
limits.

sensing [segment: The electrical and mechanical components or modules in an information display|channel
from mdasured process ¥wariable to the input of the processing electronics.

NOTE—See Figure I}

sensor: [The portion of a channel that responds to changes in a plant variable or condition and conyerts the
measurgd process variable into a corresponding signal.

severe accident: A subset of design extension conditions during which fuel damage has occurred.

spatially dedicated continuously visible: Characteristic of a human system interface that always appears
in the same fixed location and is always visible.

trend: The general tendency of the current value (i.e., increasing, constant, or decreasing) over time.

Published by IEC under license from IEEE. © 2016 IEEE. All rights reserved.



https://iecnorm.com/api/?name=2099cf3fd3c6f94f72171ff90f57d724

-6- IEC 63147:2017 © IEC 2017
IEEE Std 497-2016

Sensing Processing Display
Segment Segment Segment

4. Sel

This cls
variable|

Pracess Signal
Electronics Validation
Process Operataor
Sensors Disptay

Figure 1—Display channel example

bction criteria

use provides criteria for identifying the plant-specific <ariables for accident monitori
types shall be referred to as Type A, Type B, Type C, Type D, Type E, and Type F. Criteri

selectioI of each type of variable are given below and summuarized in Table 1. If a variable m

selectio

41Ty

Type A
operatin|

a)

b)

Type A
that req|

criteria of multiple variable types, the requirements\of all the selected variable types shall

be A variables

variables shall be those variables “that provide the primary information required to pe
o staff to:

Take specific planned manually-controlled actions for which no automatic control is prov
that are required for safety systems to perform their safety functions as assumed in t
hceident analysis licehsing basis.

Take specific planned manually-controlled actions for which no automatic control is prov
that are required to mitigate the consequences of an anticipated operational occurrence (4
hssumed innthe plant accident analysis licensing basis.

variables provide information essential for the direct accomplishment of specific safety fi

ng. The
h for the
eets the
be met.

rmit the

ded and
he plant

ded and
AOO) as

inctions

pire manual action during design basis events (DBEs). These variables are a subset

bf those

necessa

Y10 (MpICIENt e PIant SPeciiic CIMErgeNcy procedure guideiines (EPGS), e pramnt

specific

emergency operating procedures (EOPs), or the plant abnormal operating procedures (AOPs). Type A
variables do not include those variables that are associated with contingency actions that may also be
identified in written procedures. Use of a variable as an entry condition for an EOP, EPG, or AOP does not
by itself require it to be a Type A variable.

4.2 Type B variables

Type B variables shall be those variables that provide primary information to the accident management
personnel to assess the plant safety functions. These are accomplishing or maintaining the following:
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Reactivity control
Core cooling
Reactor coolant system integrity

Containment integrity (including radioactive effluent control)

Any plant safety function addressed in the EPGs or the plant specific EOPs that are in addition to those
identified above shall also be included.

The Type B variables shall be those necessary to implement the plant functional restoration EPGs, plant

specific

43Ty

Type C
personn

The seldction of these variables represents a minimum set of plant variables that provide the mo

indicati
normal

44Ty

Type D
personn

a)

b)

©)

The Ty
implems

EOPs, and the plant critical safety function status trees, if applicable.

pe C variables

variables shall be those variables that provide primary information to the-accident man|

n of the integrity of fission product barriers and provide th€ capability for monitoring bey
perating range.

pe D variables
variables shall be those variables that prévide primary information to the accident man
el and are required in the plant’s procedures and licensing basis documentation (LBD) to:

[ndicate the performance of those safety systems and auxiliary supporting features necessar
itigation of DBEs.

[ndicate the performance of other systems and auxiliary supporting features necessary to
hnd maintain a safe shutdown condition.

Verify safety system'status.

e D variabl€s.shall be based upon the plant accident analysis licensing basis and those necs
nt the following procedures (as applicable to the plant design):

Fventspecific EPGs or EOPs (plant specific)

hoement

bl to indicate the potential for breach or the actual breach of fission pfoduct barriers (d.g., fuel
cladding, reactor coolant system pressure boundary, and containment pressure boundary).

5t direct
ond the

hoement

y for the

achieve

ssary to

— 1 - — hmh » Vel A mPataY 1 - Lad
Ul uonar 1e3torauiunn LrJd Ul UL S \l}ldlll DPC\.«ILI\.«}

— Plant AOPs

4.5 Type E variables

Type E variables shall be those variables that provide primary information to the accident management
personnel and are required for use in determining the magnitude of the release of radioactive materials and
continually assessing such releases.

The selection of these variables shall include, but not be limited to, the following:
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a)  Monitoring the magnitude of releases of radioactive materials through identified pathways (e.g.,

secondary safety valves and condenser air ejector).

b) Monitoring the environmental conditions used to determine the impact of releases of radioactive
materials through identified pathways (e.g., wind speed, wind direction, and air temperatures).

¢) Monitoring radiation levels and radioactivity in the plant environs.
d) Monitoring radiation levels and radioactivity in the control room and selected plant areas where
access may be required for plant recovery.

4.6 Type F variables

Type F|variables shall be those variables that provide primary information to accident.manhgement

personngl to indicate fuel damage and the effects of fuel damage.

The selgction of these variables represents a minimum set of plant variables that prevides the most direct
indicatign of the parameters needed to execute the severe accident mitigation guidelines (SAMG4) and/or

variablep needed to mitigate those accidents postulated in a plants severe accident analysis.

4.7 Documentation of selection criteria

Documgntation shall be developed and maintained for the_.selection bases of the accident mgnitoring
variablep consistent with the plant LBD.

Thble 1—Summary of accident monitoring variable types/source documents

Referen¢ed
subci:lame Selection criteria for the variable type Potential source documents
standaid
4.1 Type A —Plant accident analysis licensing basis
. —EPG lant ific EOP
—Planned manually,controlled actions for S of prant spectiic s
accomplishment ofisafety functions for which —Plant AOPs
there is no automatic control
4.2 Type B —Functional restoration EPGs
o —Plant ific EOP
—A§sess the process of accomplishing or ant spectie s
maihtaining plant safety functions —Plant critical safety function status trees
43 Type C —Plant accident analysis licensing basis
. . . —Design basis documentation for the Tission
—Indicate pptentlal for a breach of fission product barriers
product barriers
. . —EPG lant ific EOP
—Indicate an actual breach of fission product S Of prant spectiic s
barriers
4.4 Type D —Plant accident analysis licensing basis

—Indicate performance of safety systems

—Indicate the performance of required auxiliary
support features

—Indicate the performance of other systems

—Event specific EPGs or EOPs (plant specific)

—Functional restoration EPGs or EOPs (plant
specific)

—Plant AOPs
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Referenced
la . S . .
subcin use Selection criteria for the variable type Potential source documents
standard
necessary to achieve and maintain a safe
shutdown condition
—Verify safety system status
4.5 Type E —Procedures for determining radiological
releases through plant identified pathways
—é\./lontt.or the tmgg?ltt'illde ofllr(?(lieast?; 0; —Procedures for determining the impact of the
racioactive materals through dentriie release of radioactive materials
pathways
Monitor th . tal conditi dt —Procedures for determining plant envirops
——vonrfor the environmental CONCILONS USCA L0 v, 4jglogical concentration
determine the impact of releases of radioactive
materials through identified pathways —Procedures for determining plant habitaBility
—Monitor radiation levels and radioactivity in
the plant environs
—Monitor radiation and radioactivity levels in
the control room and selected plant areas where
access may be required for plant recovery
4.6 Type F —Plant SAMGs
. —Planft Severe accident analysis
—Indicate fuel damage Y
—Monitor the direct effects (e.g., combustible
gases concentration, radiation, pressure, or
temperature of fuel damage)

5. Performance criteria

5.1 Range

The range of a monitoring channel shall be established to cover the accidents identified in the plant [LBD.

The ranges for Type C variables shall encompass those limits that would indicate a breach in
product [barrier. Thesgivariables shall have extended ranges and address a source term that consi
For example, measurement of reactor pressure shall include the capability of measuri
margin, up to Lével' D service limits of the reactor vessel (see ASME Boiler and Pressure Vessel

damage

Americgn Ndtional Standard [B3]).

£ o = et 11 1 PRI 1 1.1 Tl el 1
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variables shall have extended ranges and address a source term that considers fuel damage.

5.2 Accuracy

The required accuracy of accident monitoring instrument channels shall be established based on the

assigned function. See Annex A for useful guidance.
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5.3 Response time

Accident monitoring instruments shall be designed to provide real time and timely information. Typically,
the displayed information will lag behind actual conditions because of sensor location, thermal heat transfer
time lag, information processing cycle times, degree of severity of environmental conditions, and other
potential effects on instrument response times.

In general, these response times may not be as critical as in the case when the instrument provides a signal
for automatic reactor protection system or engineered safeguard system action.

For some displays, the indicated variable will additionally lag real time conditions depending on the update
frequency of the display. The update frequency shall be fast enough to avoid the potential of misleading the
information recipient with respect to plant conditions within human factors guidelines.

5.4 Reguired operating time

The reqyired operating time for each variable shall be defined as follows:

a) [The required operating time for Type A variable instrument chadnels shall be the durdtion for
which the measured variable is required by the plant’s LBD.

b) [The required operating time for Type B variable instrument{channels shall be at least the duration
hssociated with the longest-duration design basis event forthat variable.

c¢) [The required operating time for Type C variable instrument channels shall be the durdtion for
which the measured variable is required by the plant’s’LBD or at least 100 days.

d) [The required operating time for Type D variable instrument channels shall be the durgtion for
which the measured variable is required by the plant’s LBD.

e) [The required operating time for Type E-variable instrument channels shall be the durdtion for
which the measured variable is required by the plant’s LBD.

f)  [The required operating time for-Type F variable instrument channels shall be sufficient to
mplement mitigation guidanee.-based on the longest duration analyzed severe accident pvent in
hddition to any design basis‘event that may precede it.

A shortdr operating time may be acceptable if equipment replacement or repair can be accomplished within
an accepptable out-of-servicejtime, taking into consideration the location and accessibility of the equipment
during the event and duting the recovery from the event.

5.5 Reliability

For those systems for which reliability goals have been established, appropriate analysis of the design shall
be performed to confirm that such goals have been achieved. IEEE Std 352-1987/IEC 60812:2008 provides
guidance for performing the reliability analysis and IEEE Std 577-2012 provides reliability analysis
requirements.

5.6 Documentation of performance criteria

An assessment for each of the performance criteria shall be conducted. This assessment shall be done to
confirm the as-designed performance meets or exceeds the performance criteria. The results of this
assessment shall be documented and shall consider:

Published by IEC under license from IEEE. © 2016 IEEE. All rights reserved.
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a) Allowances for calibration uncertainties, loop errors, and drift (consistent with the methodology

given in ANSI/ISA Std 67.04.01-2006 [B2]).

b) The magnitude and direction of errors imposed on the accident monitoring instrumentation by

environmental and/or seismic conditions during and after the postulated event.

6. Design criteria

6.1 Single failure

Acciden
failure r

The aco
accident
shutdow

a)

b)
¢)

Any sy
required
failure o

Systems
criterion
applical]
or mainf
availabi

equirements of IEEE Std 379-2014/IEC 62340:2007.

ident monitoring instrumentation shall be capable of providing the informatien required
management personnel to perform their role in bringing the plant to, and(maintaining it i
n condition during an accident in the presence of the following:

Any single detectable failure within the accident monitoring instriimentation concurr
dentifiable but non-detectable failures.

Failures occurring as a result of the single failure.
Failures and spurious system actions that cause or are caused by the accident requiring the

fnonitoring function.

tems or components that provide services (e.g.~€0oling, illumination, and energy supply)
by the accident monitoring instrumentation to ‘perform their function shall be included in t}
nalysis of the accident monitoring instrumentation they support.

required to meet the single failure criterion of this clause are not required to meet the singl
during channel maintenance, test, ot calibration provided the duration of such testing sati

enance operation could be shown to be so short that it would have an insignificant effect of
ity of the accident monitoring instrumentation system.

6.2 Common causefailure

Design
in IEEH
instrumsg
7-4.3.2

f Type AsAype B, and Type C instrumentation shall address common cause failures, as d
Std(379-2014 and IEEE Std 603-2009/IEC 62340:2007 consistent with the plant’s L
ntation using digital devices, guidance to address common cause failures can be found in I

t monitoring instrument channels for Type A, Type B, and Type C variables shall satisfy tlle single

for the
n, a safe

nt with

hecident

that are
e single

e failure
kfies the

le requirements of the plant’s'[{BD. For example, the time interval required for a test, calfbration,

) overall

escribed
BD. For
FEE Std

DOPSALC £020-2004
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6.3 Independence and physical separation

The accident monitoring instrument channels for Type A, Type B, and Type C variables shall be
independent and physically separated in accordance with the following criteria:

a) Instrumentation shall be physically separated from non-safety system equipment and circuits so that
a failure in, or spurious action by, non-safety system equipment and circuits shall not prevent the

accident monitoring equipment from meeting the requirements of this standard.
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Redundant segments shall be independent of, and physically separated from, each other to the
degree necessary to retain the capability of accomplishing the accident monitoring function during
and following any design basis event requiring that function. This shall also include data
communication independence requirements of IEEE Std 7-4.3.2-2015/IEC 60880:2006.

Accident monitoring equipment required to monitor a specific design basis event should be
independent of, and physically separated from, the effects of the design basis event in order to
retain the capability to meet the requirements of this standard.

Independence and physical separation shall meet the requirements of IEEE Std 384-2008/IEC
60709:2004.

ident monitoring instrument channels for Type F variables should be independent of and physically

separated from, the effects of the severe accident in order to retain the capability to meet the requjrements
of this dtandard. Where redundant or diverse channels are provided, they shall be isolated and‘spparated

from ea

h other to the degree necessary to perform its function.

These r¢quirements do not preclude the association of accident monitoring instrument channels with safety

system

hannels, provided this association does not compromise the ability of the Safety system cHannel to

meet the applicable safety system requirements or the ability of the accident) monitoring ingtrument

channel

to meet the requirements of this standard.

Indepenflence and physical separation shall meet the applicable guidangeyon electromagnetic compatibility

(EMC).

6.4 Isqlation

For Type A, Type B, Type C, and Type F variables, the transmission of signals between pccident

monitor

ng instrumentation and any system not meeting the minimum design requirements for the [variable

type shgll be through isolation devices. These-isolation devices shall be classified as part of the pccident

monitor
the acci

ng instrumentation and shall meet the)requirements of this standard. No credible failure external to
lent monitoring instrumentationsshall be transmitted through the isolation device in such 4 way as

to prevgnt the accident monitoring channel from meeting the performance requirements. A failufe of an
isolatior] device is evaluated in the sarhe manner as a failure of other equipment in the accident mdnitoring
instrumgntation. Isolation devices shall meet the requirements of IEEE Std 384-2008/IEC 60709:20[04.

6.5 Infpormation ambiguity

For Type A, TypeB, and Type C variables, the failure of an accident monitoring instrument chanhel shall
not result in information ambiguity that could lead the accident management personnel to defeat ¢r fail to

accomp
personn

ishdarequired safety function (e.g., the redundant displays disagree and the accident manpgement
vi Cdllnot ICddﬁy de.‘luLC W‘llib‘[l \,hauuci hdb fdliCL‘l} If d[ldlybib thWb I.hdl. LIC\.‘[FU‘IC fdilJICS can

result in information ambiguity, measures to resolve the ambiguity shall be provided. If measures to resolve
the ambiguity cannot be automatically accomplished, additional information shall be provided to allow the
accident management personnel to deduce the actual conditions so that they may properly perform their

role.

Examples of how this may be accomplished are as follows:

a)

b)

Having the capabilities of being able to perturb the measured variable and determine which channel
has failed by observing the instrument channel.

Cross checking the value with an independent channel that monitors a different variable that bears a
known relationship to the instrument channel.
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c¢) Providing an additional independent channel of instrumentation.

6.6 Power supply

The electrical power supplies for accident monitoring instrumentation shall be considered an auxiliary
supporting feature. Instrumentation that monitors Type A, Type B, and Type C variables shall be powered
by safety electrical power systems. Each instrumentation channel power supply shall be designed to be
continuously available during plant accidents unless short interruptions are evaluated and found acceptable
in the plant’s LBD.

If an int
D, Typ
commo
indepen

Instrum
and som

The poy
with the
with the
adversel

accuracy.

Where
applical]

6.7 Calibration

Capabil
plant po

Means
followin

E, and Type F variables. For Type F variables, a separate stand-alone power supply protec
-cause events shall be available. This stand-alone power supply shall be in addition
Jent from the design basis power supplies.

e instruments in a two-wire instrument loop, shall be exempted from this Gequirement.

er supplies for the accident monitoring instrument channels shall be-capable of providin|
necessary voltage, frequency, and duration to allow the accident. monitoring channels to
required accuracy and reliability. Power supplies shall be designed to prevent transients th
y impact a monitoring channel from performing its requifed function or the monitoring ¢

afety system power supplies are used, refer to IEEE Std 308™-2012/IEC 61225:2005
le requirements.

ty shall be provided for calibration of each accident monitoring instrument channel during
wer or shutdown operation or both as determined by the required interval between calibrati

hall be provided forfvalidating instrument calibration during the accident. One or mor
g may accomplish-this"

Recalibration

Selection(of™a calibration interval so that the accident duration shall fall within the f
equipment calibration interval

Selection of equipment that does not require periodic calibration

or Type
ed from
to and

ents that obtain their power from the process, such as potential transformers, ‘current transformers,

b power
perform
it would
hannel’s

for the

normal
ns.

e of the

pecified

—  Cross-calibration with other channels that bear a known relationship to the information display
channel

6.8 Testability

Accident monitoring instrument channels shall have testing capability to verify, on a periodic basis during
normal operation, operability requirements in accordance with the plant’s LBD. The periodic test shall

follow a

predetermined method, and results shall be documented.
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Capability shall be provided for testing the operability of each accident monitoring instrument channel
during normal and accident states. Examples of how this may be accomplished include the following:

a) By observing the effect of perturbing the monitored variable
b) By observing the effect of introducing and varying, as appropriate, a substitute input to the sensor
of the same nature as the measured variable

¢) By cross checking between channels that bear a known relationship to each other

d) By automatic on-line diagnostics of channel availability
6.9 Direet-meastrement
A direc} variable should be selected to monitor the related function. A less direct vatiable [may be
substitufed for the most direct variable if justified by analysis. The analysis shall accqunt for

misinterpretation of the less direct variable as well as availability of reliable instrumentation for the more

direct vgriables.

6.10 C

The des
controls|

by admihistrative means.

6.11

Accide

pontrol of access

gn shall facilitate control of access to instrument channel-ealibration adjustments, test pojnts, and
used to remove an accident monitoring channel from s€#vice. Access control shall be mdintained

aintenance and repair

monitoring instrumentation shall be ‘designed to facilitate maintenance, repair, and adjpstment.

Considefration shall be given to potential inaccessibility during the accident in determination of equipment

selectio

6.12 Minimizing measurements

and location.

The samje variables and‘displays should be used for accident monitoring as are used for normal opefation of
the planf to enable ¢he accident management personnel to use, during an accident situation, variaples and

displays| with whichjthey are most familiar.

6.13 Auxitiary supporting features

Systems or components that provide services that are required for the accident monitoring instrumentation
to accomplish its functions shall meet the applicable requirements of that instrumentation. Auxiliary
supporting features for accident monitoring instrumentation are part of the related display channel and shall
meet applicable criteria.

For example, a cabinet cooling fan required to maintain signal conditioning modules within design
temperature range is an auxiliary supporting feature.

Other components, equipment, and systems that perform a function that is not required for the accident

monitor

ing instrumentation to provide required information to the accident management personnel, and are
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part of the accident monitoring instrumentation by association (that is, not isolated from the accident
monitoring instrumentation) shall be designed so that these components, equipment, and systems do not
degrade the capability of the accident monitoring instrumentation to function.

6.14 Portable instruments

When required for accident management, portable instruments may be used to obtain data. In such cases,
the instruments, the means of delivering data to the recipient, and the means of analyzing data to obtain
information, or any part of these three, shall be considered part of the accident monitoring channels. The
equipment that forms part of this accident monitoring instrumentation shall meet the criteria for the
applicabte-vartable-type-

6.15 Dpcumentation of design criteria

Documgntation shall be developed and maintained for the design criteria foy-thé accident mdnitoring
variablep.

7. Qualification criteria

The reduirements for equipment qualification (seismic and_ environmental qualification) of pccident
monitor|ng instruments shall be consistent with the assigned\function of that variable during and f¢llowing
a design| basis event, severe accident, or following a seismic event.

7.1 Type A variables

Instrumgnt channels that are required fot-a planned manually-controlled operator action as a regult of a
seismic |event, either directly or indirectly, shall be seismically qualified. These instrument channgls shall
be seisnjically qualified in accordanee’with IEEE Std 344-2013/IEC 60980:1989.

Instrum¢nt channels required™for planned manually-controlled operator action to terminate or mifigate an
accidenq shall be enviroimentally qualified for that accident’s postulated environment at the |nstalled
location|in accordance with the plant’s LBD and IEEE Std 323-2003/TEC 60780:1998.

7.2 Type B variables

These instrument channels shall be seismically qualified in accordance with IEEE Std 344-2013/
IEC 60980:1989.

Instrument channels shall be environmentally qualified for the worst-case postulated accident environment
at the installed location of the equipment in accordance with the plant’s LBD and IEEE Std 323-2003/
IEC 60780:1998. Environmental qualification of instrument channels shall consider performance testing to
the maximum process conditions while subjected to the worst-case postulated accident environment.
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7.3 Type C variables

These instrument channels shall be seismically qualified in accordance with IEEE Std 344-2013/
IEC 60980:19809.

Instrument channels shall be environmentally qualified for the worst-case postulated accident environment
at the installed location of the equipment in accordance with the plant’s LBD and IEEE Std 323-2003/
IEC 60780:1998. In addition, environmental qualification of instrument channels shall consider
performance testing to the full range of the instrument channels while subjected to worst-case postulated
harsh environmental conditions in accordance with the plant’s LBD.

NOTE—The above environmental qualification requirements for extended range instrument channels does not account
for steadf-state elevated Ievels that may occur in other environmental parameters associated with the extendpd range.
Since exfended ranges are non-mechanistically determined, extension of associated environmental parameter] levels is
not justifiable and has, therefore, not been required. Confidence that the equipment would confinue td provide
informatfon if conditions degrade beyond those design basis events postulated in the safety analysis’is prqvided by
addressirlg the extended range requirements. Proof of performance that instrumentation provigdes, informatipn to the
accident management personnel for severe accident mitigation may be done by analysis.

7.4 Type D variables

Instrumgnt channels that monitor systems that are expected to be operable following a seismic event shall
be seisnjically qualified in accordance with IEEE Std 344-2013/IE€.60980:1989.

Instrumg¢nt channels shall be environmentally qualified for the)particular accident’s postulated envifonment

at the ipstalled location in accordance with the plant’s»,LBD and in accordance with IEEE $td 323-
2003/IELC 60780:1998.

7.5 Type E variables
These irfstrument channels are not requiired to be environmentally or seismically qualified.
If an instrument channel that §s used to determine the magnitude of a radiological release nfeets the

selection criteria of Type A;\Fype B, Type C, or Type D, then that instrument channel shall feet the
qualificgtion requirements fot that particular type of variable.

7.6 Type F variables

Instrumg¢nt ehHannels shall be type tested to the anticipated severe accident environmental conditiofis. Type
testing may be done sequentially.

If during testing the required test conditions are not reached due to test equipment limits, and the tested
equipment does not experience a failure, then a survivability analysis shall be performed for the anticipated
severe accident conditions.

The survivability analysis shall determine the constraints for the reliable use of the instrument data, and
these constraints shall be provided to the end user.
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7.7 Portable instruments

Portable instruments are excluded from seismic qualification requirements. Administrative controls of
storage and access to portable instruments shall meet the performance requirements of the instrument.
Storage locations shall provide protection from the effects of the event for which the portable instrument is

may be
cede the
aluation

to be used.

7.8 Operating time

Accident monitoring instrumentation shall be qualified, as a minimum, for the length of time its function is
required(SeT 5 4)-

Type F |variables may have a qualified operating time shorter than the length of time its fingtion|
required for the severe accident, but at a minimum as long as the design basis accident that may prej

severe apcident. Shorter operating times for Type F variables shall be documented to suipport the ey

of the cqnstraints for the reliable use.

7.9 Documentation of qualification criteria

The bas
docume

8. Dis

8.1 Digplay characteristics

8.1.1 In

The bas
analysis
accident
that inc
trend),

is for the qualification criteria for the accident monitering instrumentation channels
hted as part of the equipment qualification program.

play criteria

formation characteristics

is for display characteristics for accident monitoring variables shall include the resul
of the system functions required to respond to an accident and analysis of the tasks requirs
management.personnel to implement those functions. Display characteristics shall be i
ude, as a_minimum; range, instrument accuracy, precision, display format (e.g., status, ¥
nits, and, response time, consistent with the performance characteristics of Clause 5.

8.1.2 Human-factors

khall be

s of an
d of the
lentified
alue, or

Accident monitoring displays shall be designed through application of accepted human factors, methods,
and principles.

8.1.3 Anomalous indications

The design of accident monitoring instrumentation shall not cause indications on meters, annunciators,
recorders, or video display units to give anomalous readings, which can mislead or confuse operators and
accident management personnel.
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8.1.4 Continuous vs. on-demand display
At least one of the redundant display segments for Type A and Type B accident monitoring variables shall
be a spatially dedicated continuously visible display of either a validated digital display or a dedicated

analog display.

Other redundant displays for Type A and Type B accident monitoring variables and displays for other
accident monitoring variables may be accessible on demand.

8.2 Trend or rate information

For Type A variables where immediate trend or rate information is essential for operator action) tLe trend
information shall be continuously available on dedicated trend displays (with corresponding r¢cording
device) pnd selectively available on another redundant trend display (with corresponding,recerding|device).
Both thq dedicated and redundant displays shall have the capability of providing at least.30 min of data.

For Type B, Type C, Type D, Type E, and Type F variables where trend and rate-inifformation is gssential,

the dispjay shall have the capability of providing sufficient trend or rate infotmation as determinefd by the
use of tie variable.

8.3 Digplay identification
Control room indication of Type A, Type B, and Type C variables shall be uniquely identified as pccident
monitor|ng variables with a characteristic designation so.fhiat the accident management personnel cgn easily
discern |information intended for use under accidént conditions. On a multi-variable video| display
containihg both accident monitoring and non-accident monitoring variables, the accident mdnitoring
variablep shall be uniquely identified within the display.

Type D pnd Type E variables do not require unique identification.

Type F variables shall be uniquely identified as severe accident variables.

8.4 Type of monitoring channel display

Monitoring channel\displays may use several configurations to provide the display channel infornation to
the acciglent management personnel (see Annex B).

8.5 Display location

Control room indication of accident monitoring variables should be placed in appropriate function or
system related locations. The basis for display locations should include functional task analysis results and
accepted human factors principles.

The same displays used for normal plant operation should be used for the on-demand accident monitoring
displays.

Type F variables shall be displayed in locations used for command and control during implementation of
the severe accident mitigation guidelines.
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8.6 Information ambiguity

Displays provided for the sole purpose of resolving information ambiguity are not required to be of the
same type and are not required to be continuously displayed.

8.7 Recording

Recording shall be provided for at least one channel of each Type A, Type B, and Type C variable.
Recording shall also be provided for Type E variables. For Type F variables recording shall be provided
when trend information is necessary.

For Typg A, Type B, Type C, and Type E variables, accident monitoring data records shall be gont{nuously
updated| stored (by digital or analog means), and accessible on-demand. Recording may\be pqrformed
using ngn-safety related recording devices that do not fully meet the requirements given i IEEE Std 7-
4.3.2-2015/1EC 60880:2006. Recording capability shall be provided for at least 30 mimypre-event gnd 12 h
post-evdnt.

Recordipg capability for Type F variables shall be provided sufficient to implement the severe pccident
mitigatipn guidelines and at a minimum as long as the operating time (ste 5.4) associated ith the
instrumgnt channel.

8.8 Digital display signal validation

Signal Validation may use channels that monitor the sam¢’variable but may not be designated as pccident
monitor|ng channels, or different variables with a,_known relationship to the displayed varialjle. This
provideg accident management personnel with credible information if the validation result is cnsistent
with cofresponding accident monitoring instrument channels. If signal validation is used, the validity of the
indicatign shall be provided as part of the display, for example, through use of unique color coding.

8.9 Documentation of display criteria

Documgntation shall be deyveloped and maintained for the display criteria for the accident mdnitoring
variablep.

9. Quality-assurance
Accide itoring i i i esigned,

manufactured, inspected, installed, operated, and maintained under a quality program that meets the
requirements of ASME NQA-1-2008/IAEA GS-R-3:2006. The level of quality assurance to be applied to
accident monitoring instrumentation for Type D, Type E, and Type F variables shall be selected and
documented by the designer to meet the specified requirements of the standard.

Digital device-based instrumentation development including software validation and verification shall be in
accordance with the requirements of IEEE Std 7-4.3.2-2015/IEC 60880:2006 for Type A, Type B, and
Type C.
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Annex A

(informative)

Accident monitoring instrument channel accuracy

A.1 Introduction

As state

in 5.2, the required accuracy of an accident monitoring instrument channel is established

the chan

A.2 Ac

In genezﬁl, accident monitoring instrument variables fall into one or both of the fgllowing groups a

to how

The firs
plant’s

establisljed to enable timely operator action.

The sec
primary
increasi

A.3 Typical accuracy requirements

For the
required
+10% o
Historic
and hyd

For line
of varia

logarithmic scale( this required accuracy has been +50% of the reading or alternatively plus/mint

decade.

nel’s assigned function.

curacy requirement groupings according to usage

e displayed function is to be used by control room personnel.

t group consists of those variables where the corresponding channel accuracy is specifie

7-2016

ased on

cording

d in the

icensing basis documentation (LBD). Typically, a tight (narrow band) accuracy will hqve been

bnd group consists of those variables that provide trénd or plant stability information (i.e
importance for the accident management personnel’to know whether the monitored va
ng, decreasing, or constant). It is of secondary importance to know the exact value of the va

first group of variables, the level of importance of the monitored information will di
accuracy to be achieved. Typically, this accuracy can be on the order of £1% or even ag
f full span. The assumptions.made in developing the plant’s LBD will govern the value to
hlly, the required accuracy for instrument channels relied upon to monitor containment
fogen concentration has.been £10% of full span (ANSI/ANS Std 4.5-1980 [B1]).

hrly derived display instruments (i.e., display range is two decades or less) within the secof
bles, the typical required accuracy, based on historical use, has been £20%. For instrumen

For insti

| it is of
riable is
Hable.

tate the
high as
be met.
pressure

d group
s with a
is a half

jument variables that fall into both groups, the more restrictive accuracy requirements woul

1 apply.
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