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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
ELECTRICAL EQUIPMENT CONDITION MONITORING METHODS -

Part 1: General

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 Specificatiens, Technical Reporfs
Publicly Available Specifications (PAS) and Guides (hereafter referred to as,'VNEC document(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 liaisifng
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. |[EEE develops ‘its standards through a consensys
development process, approved by the American National Standards lnstitute, which brings together volunteefrs
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily membejrs
of IEEE and serve without compensation. While IEEE administers.the process and establishes rules to promojte
fairness in the consensus development process, IEEE does hot independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use stibject to important notices and legal disclaimers (s¢e
https://standards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance, with' conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus fof
opinion on the relevant subjects since gach technical committee has representation from all interested IHC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societig¢s
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standardis
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

IEC/IEEE Publications have-the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies_in that sense. While all reasonable efforts are made to ensure that the technidal
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote“international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications&:Any divergence between any IEC/IEEE Publication and the corresponding national or regionfal
publication shall be clearly indicated in the latter.

IEC andMEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for,any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication

7)

8)

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies 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.
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9) 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.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC/IEEE 62582-1:2011. A vertical bar appears in the margin

wherever a change has been made. Additions are in green text, deletions are in

S

rikethrough red text.
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IEC/IEEE 62582-1 was prepared by subcommittee 45A: Instrumentation and control of nuclear
facilities, of IEC technical committee 45: Nuclear instrumentation, in cooperation with Nuclear

P

ower Engineering Committee of the IEEE Power & Energy Society !, under the IEC/IEEE Dual

Logo Agreement between IEC and IEEE. It is an International Standard.

T

T

his document is published as an IEC/IEEE Dual Logo standard.

his second edition cancels and replaces the first edition published in 2011. This edition

constitutes a technical revision.

T
e

-~
=S

= M

Al list of all parts of IEC/IEEE«62582 series, under the general title Nuclear power plants -

methods, can be found on‘the IEC website.

scoH

his edition includes the following significant technical changes with respect to the previoys
jition:

Integration of experience from the work with IAEA-TECDOC-1825:2017 ~Benchmafk
analysis for condition monitoring test techniques of low voltage cables in ‘nuclear power
plants. Final results of a Coordinated Research Project”.

Referral to IEC/IEEE 60780-323 instead of IEC 60780 and IEEE 323.

ne text of this International Standard is based on the following IEC doguments:

Draft Report on voting

45A/1510/CDV 45A/153URVC

5

LIl information on the voting for its approval can be found in the report on voting indicated
e above table.

ne language used for the development of thisinternational Standard is English.

NJ

nis document was drafted in accordancewith the rules given in the ISO/IEC Directives, Part
ailable at www.iec.ch/members_experts/refdocs. The main document types developed by IE
e described in greater detail at www-iec.ch/publications/.

(@)

strumentation and control Simportant to safety — Electrical equipment condition monitoririg

ne |IEC Technical Committee and IEEE Technical Committee have decided that the contenis
this document_will*'remain unchanged until the stability date indicated on the IEC websife
nder webstore.le¢.ch in the data related to the specific document. At this date, the document
Il be

reconfirmed,

withdrawn, or

revised

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.

1

A list of IEEE participants can be found at the following URL: http://standards.ieee.org/downloads/62582-1/62582-
1-2011/62582-1-2011_wg-participants.pdf.
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INTRODUCTION

) Technical background, main issues and organisation of this document

his part of this IEC/IEEE 62582 series focuses on methods for condition monitoring for

management of ageing of electrical equipment installed in nuclear power plants and for

a

pplication of the concept of qualified condition.

IEC/IEEE 6258-1 is the first part of the IEC/IEEE 62582 series of standards, containing

b

e
a
e

(mnl

Cpndition monitoring is a developing field and more methods -will' be added to the
IBC/IEEE 62582 series when they are considered widely applied and a’good reproducibility pf
tHe condition monitoring method can be demonstrated.

hckground and guidelines for the application of methods for condition monitoring of electricpl
huipment important to safety of nuclear power plants. The detailed descriptions of the methods
e given in the other parts, one part for each method. This document also includes~somne
lements which are common to all methods.

C/IEEE 62582 series is issued with a joint logo which makes it applicable to the'management
ageing of electrical equipment qualified to IEEE as well as IEC Standards:

imnl

”n O

—

= o o o a h

atly- S 323 3 d s e s 3 0 basqd
abalification—could be 1used in eauinment aualification-‘gs: an adiunct to aouaslified life n
gyaHHCAHORA—CoUHG—/oEe—USeq egtHpet—quaHHCaHO g ah—aGjuhRct—0—qua G e R
atuinment aualification—the condition-of the eauinment for which accentable nerformance was
eguiphetquaiHcatHoR e CoRciHoR- o theequipmentag—WHCR accepavie peHormMance WaS
démonstrated - is the auslified condition—The aualifiad condition-is the condition-of eauinment
gemonRstatecisttheguaHHe - CcohRaiioh—nRequaHHeG-ConGiiohR1StHe- CORGHIoR- o equtipments
ptiorto-the start of 3 desian-basis event for whichthe eauinment was demonstrated-to-meet
pHor—tothe-Sstart—o+a-Gesigh-basis—evehrtowWnichne—eqgutipment-wasaemohstHateatonept

tHese techniques in equipment qualification as noted in NUREG/CR-6704, Vol. |2
(BNL -NUREG-52610) [1],2"JNES-SS-0903, 2009 [2] and IAEA-TECDOC-1825:2017 [3].

IRC/IEEE 62582-1 is the third level IEC SC 45A document tackling the issue of application pf

C/IEEE 60780-323 defined condition-based*qualification which is an adjunct to type testing.
he qualified condition is established by €ondition indicator(s) prior to the start of accident
bnditions for which the equipment wag, demonstrated to meet the design requirements for the
pecified service conditions. IEC/IEEE60780-323 defined condition indicator.

gnificant research has been ‘performed on condition monitoring techniques and the use ¢f

is intended that-this IEC/IEEE document be used by operators of nuclear power plant
stems evaluatprs-and by licensors.

Uy

Situation-of the current standard in the structure of the IEC SC 45A standard serieg

bndition monitoring in equipment qualification and management of ageing of electrical I1&C

hutmmant in niinlaar nawar nlantc
JeHpH e R RRUGrea—poWwWe—praits-

IEC/IEEE 62582-1 is to be read in association with IEC/IEEE 60780-323, which provides
general requirements for qualification of I&C systems and equipment that are used to perform
functions important to safety in NPPs and nuclear facilities.

F

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

introduction.

2

Numbers in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=917b55d5712d4d2dba70a4e1be6f8ca5

IEC/IEEE 62582-1:2024 RLV -7-
© IEC/IEEE 2024

c) Recommendations and limitations regarding the application of this document

It is important to note that this document establishes no additional functional requirements for

safety systems.

This document discusses the general measurement technique for current condition monitoring

methods and is not meant to cover any specific technologies.

d) Description of the structure of the IEC SC 45A standard series and relationships with

other IEC documents and other bodies documents (IAEA, 150)

O 3

IHC 81513 refars directly to other IEC SC 45A standards for aceneralatéanics related 1o
- ooO+o1o—TFerelSs—GHecty—to0—othe Eo—oo 4o SEARCAFGS—For—gehea—topicS—Teatea o

atego Ao nctions—and ation ems,—gqualification pafation-of-systemp;
défence aagainst commoncause failure software asnects of comnuter-hddad svstams hardwate
cgegrenceagaihstcomm oR-GaUdSe A hHure; - SORWare aSpe S O CoOMpHter-QasSeCSYStemMS; a3 rGwWaie
atnects of comnuter-hased svstams  and control room desian— The) standards raferencdd
apPectS—Oo— Computer-0asec——SSystemSs ARG cohdoi—Foom—Gesigh He—sSstaRaafras—retrefrenRcqga
directlhvy_at thic cacond level should be considered toaether withy M€ 61513 a3 a3 consistehnt
agfrecthyfattHS—SeconRciever—SnothG—oeCoRSIGereCtogetnel— Wi o o1o1oaSa—GCoORSISteRt

The IEC SC 45A standard series comprises a hierarchy offguf levels. The top-level documen
of the IEC SC 45A standard series are IEC 61513 and IEC*63046.

(mnl

C 61513 provides general requirements for insttumentation and control (I&C) systems ar
uipment that are used to perform functions “ifnportant to safety in nuclear power plan
(NPPs). IEC 63046 provides general requirements for electrical power systems of NPPs;
bvers power supply systems including the supply systems of the 1&C systems.

D

o}

IEC 61513 and IEC 63046 are to be corsidered in conjunction and at the same level. IEC 6151
and IEC 63046 structure the IEC SE€45A standard series and shape a complete framewo
establishing general requirementsfor instrumentation, control and electrical power systems f
nyiclear power plants.

IHC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for gener
rgquirements for specific topics, such as categorization of functions and classification

systems, qualificatioa\separation, defence against common cause failure, control room desig
electromagnetic ~compatibility, human factors engineering, cybersecurity, software ar]
hardware aspgcts’ for programmable digital systems, coordination of safety and securi
rgquirementstand management of ageing. The standards referenced directly at this second lev
should be~cgnsidered together with IEC 61513 and IEC 63046 as a consistent document set.

At a-third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 6304
are.standards related to specific requirements for specific equipment, technical methods,

specHic activities. Usually these documents, which make reference to second-level documen
for general-tepies requirements, can be used on their own.

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

ecurity standards It builds u&

he IEC SC 45A standards series consistently implements and details the safety and seo«kl
inciples and basic aspects provided in the relevant IAEA safety standards and in the yeleva
pcuments of the IAEA nuclear security series (NSS). In particular this includes ythe |AH
quirements SSR-2/1 , establishing safety requirements related to the design of n ar pow
ants (NPPs), the IAEA safety guide SSG-30 dealing with the safety classificatio structure
stems and components in NPPs, the IAEA safety guide SSG-39 dealing with-the design

strumentation and control systems for NPPs, the IAEA safety guide SSG dealing with th
bsign of electrical power systems for NPPs, the IAEA safety guide SSG- aling with humg
ctors engineering in the design of NPPs and the implementing guid S42-G for comput

s¢curity at nuclear facilities. The safety and security terminology efinitions used by th

C 45A standards are consistent with those used by the IAEA. <</

C 61513 and IEC 63046 have adopted a presentation f@}}at similar to the basic safe
iblication IEC 61508 with an overall life-cycle framewor. d a system life-cycle framewor
egarding nuclear safety, IEC 61513 and IEC 63046 previde the interpretation of the gener
quirements of IEC 61508-1, IEC 61508-2 and IEC 8-4, for the nuclear application sectog
this framework, IEC 60880, IEC 62138 and IE&S% correspond to IEC 61508-3 for tH
iclear application sector.
3>

C 61513 and IEC 63046 refer to ISO 90 sés well as to IAEA GSR part 2 and IAEA GS-G-3
nd IAEA GS-G-3.5 for topics related to,g}béhty assurance (QA).

level 2, regarding nuclear sec&t@ IEC 62645 is the entry document for the IEC/SC 45
he valid high level principles and main concepts of th

bneric security standards, in icular ISO/IEC 27001 and ISO/IEC 27002; it adapts them ar

bmpletes them to fit the nu r context and coordinates with the IEC 62443 series. At level

C 60964 is the entry d ent for the IEC SC 45A control rooms standards, I[EC 63351 is th
htry document for the human factors engineering standards and IEC 62342 is the ent
bcument for the acg)@\g’management standards.

DTE 1 Itis ass nc.ﬁ that for the design of I&C systems in NPPs that implement conventional safety functions (e
address wor ‘afety, asset protection, chemical hazards, process energy hazards) international or nation
bndards wo&applied.

DTE Z@TR 63400 provides a more comprehensive description of the overall structure of the IEC SC 44
anda@ eries and of its relationship with other standards bodies and standards.

y

= U A

—_

N
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NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
ELECTRICAL EQUIPMENT CONDITION MONITORING METHODS -

Part 1: General

1| Scope-and-objeet

This part of the IEC/IEEE 62582 series contains requirements for application of the other par
of IEC/IEEE 62582 related to specific methods for condition monitoring in electrical equipme
important to safety of nuclear power plants. It also includes requirements which are common

all methods. The procedures defined in IEC/IEEE 62582 are intended for_detailed conditig
monitoring.

IBC/IEEE 62582 specifies condition monitoring methods in sufficient)detail to enhance tH
agcuracy and repeatability, and provide standard formats for reporting-the results. The methog
specified are applicable to electrical equipment containing-erganic-&¢ polymeric materials. Som
methods are especially designed for the measurement of_gcendition of a limited range
equuipment whilst others can be applied to all types of equipment for which the-erganic polymer|
parts are accessible.

Although the scope of IEC/IEEE 62582 is limited-t¢ the application of instrumentation arj
control systems important to safety, the condition monitoring methods—may can also X
applicable to other components which include-grganic-or polymeric materials.

The different parts of IEC/IEEE 62582 areZmeasurement standards, primarily for use in th
management of ageing in initial qualification and after installation. For the technical backgrour
of condition monitoring methods,;-reference is made to other |IEC standards, e.
IBC 60544-5 [1]. Information on the.tole of condition monitoring in qualification of electric
equipment important to safety isyfound in IEC/IEEE-Std- 60780-323. General information @
management of ageing can be found in IEC 62342 [5] and IEEE 1205 [6].

NOTE h A A-th Aten 3 A nonitering—A simplifi
vgrsion of the procedures-may.can be appropriate for preliminary assessment of the need for detailed measurement

2| Normative(references

The following-documents are referred to in the text in such a way that some or all of their conte
constitutes.requirements of this document. For dated references, only the edition cited applie
Fpr undated references, the latest edition of the referenced document (including ar
amendments) applies.

(7]

>

S T oo

ed

@

IEC/IEEE 60780-323, Nuclear facilities — Electrical equipment important to safety
Qualification

IEC/IEEE 62582 (all parts), Nuclear power plants — Instrumentation and control important to

safety — Electrical equipment condition monitoring methods
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3 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e ISO Online browsing platform: available at https://www.iso.org/obp

o| |EEE Standards Dictionary Online: available at http://dictionary.ieee.org

3

condition indicator

characteristic of a structure, system or component that can be observed, measured or trendgd
tq infer or directly indicate the current and future ability of the structure, system or component
tq function within acceptance criteria

[JOURCE: IAEA Nuclear Safety and Security Glossary, 200742022 (Interim) Edition]

3)2

condition monitoring

continuous or periodic tests, inspections, measurement ot trending of the performance or
physical characteristics of structures, systems and components to indicate current or future
performance and the potential for failure

[SOURCE: IAEA Safety Glossary, 20072018 Editiony modified — note removed.]

313

equipment qualification

generation and maintenance of evidence  to ensure that equipment will operate on demand,
uhder specified service conditions, to-meet system performance requirements

[JOURCE: IAEA Nuclear Safety@nd Security Glossary, 20072022 (Interim) Edition, modified|—
nptes not included.]

34

Hpmlmpeortantio coinby

Hém-that ic nart ofaNcafetv aroun-andlorwhose malfunction-or faillure couwld - lead to-radiatiagn
item-that-is-part-of a-safety group-and/orwhose-malfunction-or-failure could-lead-to-radiatign
exposure of the site personnel or members of the public

H=rsaiosreccan e 2007 Edition]

efluipment important to safety

efuipmeéent that is part of a safety group and/or whose malfunction or failure could lead to undye

gdiation exposure of the site personnel or members of the public. Equipment including:

—

e those structures, systems and components that prevent anticipated operational occurrences

from leading to accident conditions;

e those features that are provided to mitigate the consequences of malfunction or failure of

structures, systems and components.

Note 1 to entry:
a) For usage consistent with IEC 61226 [11], equipment important to safety are as follows:

1) all 1&C equipment performing Category A to Category C functions (in accordance with the IEC 61226 [1
categorisation scheme);

2) all electrical equipment necessary to ensure emergency energy supply to this equipment in case of a loss
normal power supply;

1

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

For usage consistent with other IEEE documents and a Class 1E categorization; for equipment important to
safety, qualification is essential to the following:

1) electric equipment and systems that are essential to emergency reactor shutdown, containment isolation,
reactor core cooling, and containment and reactor heat removal, or;

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

Note 2 to entry: Users of this document are advised that Class 1E is a functional term. Equipment and systems are

to

be classified Class 1E only if they fulfil the functions listed in the definition. Identification of systems or equipment

ag

halitative assessment of a polymer’s condition through the physical examinatioh of the exteripr

Class 1E based on anything other than their function is an improper use of the term and should be avoided.

OURCE: IEC/IEEE 60780-323:2016, 3.12]

5
ctile observation

a material as observed by a knowledgeable person who, via experience or training, cgn
bduce degradation based on the hardness or softness of the materialvby lightly bending ¢r
essing a fingernail into the surface and via their knowledge and experience, or training cgn
pduce degradation based on the observed condition to assess if gdantitative assessments afe
arranted

6
sual observation
halitative assessment of a polymer’s condition througkhthe visible examination of the exteripr
material as observed by a knowledgeable personwho, via experience or training, can deduge
bgradation based on the observed conditionAe/assess if quantitative assessments afe
arranted

7

halified condition
pbndition of an equipment, prior to the'start of a design basis event, for which the equipment
as demonstrated to meet the design requirements for the specified service conditions. Thjs
buld include certain post accident cooling and monitoring systems that are expected to remajn
berational

OURCE: IEC/IEEE 60%80-323:2016, 3.19]

8

halified life
briod for which+a structure, system or component has been demonstrated, through testing,
nalysis oréexperience, to be capable of functioning within acceptance criteria during specifjc
perating|_conditions while retaining the ability to perform its safety functions in accidept
pbnditions for a design basis accident or a design basis earthquake

3.

9

service life
period from initial operation to final withdrawal from service of a structure, system or component

[SOURCE: IAEA Nuclear Safety and Security Glossary, 200742022 (Interim) Edition]

3.10

design basis events

postulated events used in the design to establish the acceptable performance requirements for
the structures, systems, and components
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[SOURCE: IEEE Standards Dictionary Online]

3.11
service conditions

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

conditions following a design basis event and design extension conditions

[SOURCE: IAEA Safety Glossary 2007, modified, addition of “design extension conditions” and

= £ o PETRET- - otaod £ hote nt ot 0 $71]
uge-oTtefrh Uqulplllclu HSteat—ot OLIUULUIU o_yoLGlll of UUIII'JUIIUIILJ

3112

ageing

general process in which characteristics of a system or component gradually chapgeé/with tim
of use

[OURCE: IEC/IEEE 60780-323:2016, 3.2]

3113

agcelerated ageing

method of equipment testing in which the ageing associated with(Joriger term service condition
is| simulated in a short time

N¢te 1 to entry: Usually, accelerated ageing attempts to simulate natural ageing effects by application of stresso

's

representing pre-service and service conditions, but with differefigés in intensity, duration and the manner pf

application.

[JOURCE: IAEA Nuclear Safety and Security Gldgsary, 2022 (interim) Edition]

4| Condition indicators

41 General

Cbhndition-monitoring-should-onlvbe applied-if there-is-a- knownrelationship-between-the-ageidg
g-shotHG-ohyf D eappHecHihereisa«KRowhreratHoRSHpoetweeRtheageiig

deéaradation—of the component monitored and the dearadation of the eaguinment's cafetv

cegracatoh—o+—tme—compoRert—onitorea—ahc—the—gaegracatoh—or—the—eqgtHpmenRts—Satety

funetion This ralationshint)chauld hae eastahlished durina eauinmeaen aualification Ha

R cHoR—-HS—FeaHoORS P —-SHotHG—be—eSstapHsShea—GauriRg—eqgtipmeit—qguatHcatHonR—He

ralationshin-—should take ihto account anv diffusionlimited-—rate effects that occur durida

FgraHoRSHP—ShotHe—aKkeJhtoaccoudhtr—aRy—aHdstion—+mitea—+ate—eHectSthat—oceuUr—auHrg

agcelerated-ageing with-high-acceleration factors.

The condition indigator shall be measurable, change monotonically with time, be linked to tH
functional degradation of the qualified equipment, and have a consistent trend from unaggq
tHrough the~limit of the qualified pre-accident condition, and applied according
IBC/IEEE\6D780-323.

This¢trend should be established during the pre-ageing part of the eqmpment qualificatio

h.

V\ hUII U\)tﬂbllohlllu thU tIUIId Uf UUIIdItIUII |||dicator3 ‘V‘V’:th age:ng tIIIIU, I+l IO Illlvultullt tll
acceleration factors (both thermal and radiation) are kept as small as practical. See Annex
for additional information on diffusion limited oxidation (DLO).

hat

A

Condition monitoring programs rely on measurable indicators that provide insight into the

overall degradation of the materials. To perform measurements of the condition of natural

ly

aged components, a sample shall either be taken destructively or the measurements shall be
made on the material in the field in a non-destructive way. The latter methods are preferred
since they allow the material to be studied without interrupting operation; however, it is often
difficult to perform these types of measurements directly in the field with the required degree of

repeatability and accuracy.
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In—erganie polymeric materials, ageing occurs that-may can adversely impact the important
safety function through a range of chemical reactions, including chain scission and cross-
linking, which alter the polymeric structure. For condition monitoring programs, it becomes
imperative to find methods that, either directly or indirectly, follow the progress of these
reactions. A large number of methods exist to perform this task, which makes it difficult to
provide an overview of each individual technique. Instead, this document will focus on general
groups of methods. The overall description of these groups is provided in 4.2 through 4.6.

2 Chemical indicators

4.

Ap mentioned above, the degradation mechanism for-erganic polymeric materials follows fro
a|series of chemical reactions in which the chemical structure of the polymer is altered. Th
pfogressive change in the chemistry of the material provides an opportunity to monifor tH
degradation throughout its ageing. Numerous techniques exist to perform this task, some whig
monitor the polymer chain degradation itself and others which monitor side reactiogns“which a
glated to the degradation.

o >0 0O 3

—

3 Physical indicators

4

Apother key family of indicators includes techniques which monitorCthe material’s physical
pfoperties. The degradation of-erganie polymeric materials manifests itself in changes to thege
physical properties (i.e. tensile strength, elongation, and hardnéss). By measuring thege
physical characteristics, it is possible to create a correlation\ 'with the aged condition of the
mlaterial.

414 Electrical indicators

Althird category of techniques involves measuring“electrical properties of the materials. Many
of these techniques were developed for polymeric'materials used in electrical insulation. With|n
this family there are two basic subsets of methods. The first subset involves measuring the
dlelectric properties of the materials.

Al second subset of methods monitors the electrical response of systems under normal
operation. In these cases, a signalis passed through the electrical system and any changgs
from baseline are detected. These changes could be signs of degradation, whether through
ageing or through physical damage.

5 MiscellaneousOther indicators

4
Ap new technologies* are developed and implemented, it becomes necessary to develgp
condition monitoring’methods to keep pace.-As-such,some-methods-are-developed-specifically

6 Visual and tactile observation

bmponents. The purpose of this physical inspection method is to identify crackg,
scolouration, visible contamination of the components, the presence of chemicals or oils, and
other local damage such as swelling or deformation, to provide a qualitative assessment of the
condition of for example a cable’s jacket material that could indicate problems with the
insulation.

4

VlsualJand tactile testing methods are non-intrusive testing techniques for accessible
c

d

Visual and tactile methods may be used as a screening tool for ageing assessment and indicate
that further evaluation is necessary by applying other methods in accordance with the different
parts of IEC/IEEE 62582.
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Applicability of condition indicators to different types of-erganic polymeric
materials

There is currently no single condition monitoring method which is suitable for all-erganic—or
polymeric materials. A basic requirement for inclusion in a part of the IEC/IEEE 62582 series is
that the condition indicators are sensitive to the effects of ageing. An important characteristic
of a useful condition indicator is that it shows a trend that changes monotonically with
degradation and can be correlated with the safety related performance. An indicator that does
not change for a long time and then suddenly undergoes drastic changes is not useful for

c
fq

5

_\-NC

= oS0 sad

S5 00

50

C

pregrostic—apphications—Fhis—canbe-the—case—with-mechanical conditionmonitoring-on-semi-

ystalline materials, e.g. cross-linked polyethylene and thermosetting resins, dependent on_the
rmulation.

formation on the applicability of various condition indicators to different polymeric materia
5ed in instrument and control equipment in nuclear power plants can be found iInNUREG/CH
' ibli IAEA-TECDOC-1188 [12],""AEA-TECDO(

|1v(/)

<7

825 [3] and in EPRI 1022969 [14].

Destructive and non-destructive condition monitoring

condition monitoring method—may can be considered de&structive or non-destructive,
bpending on whether the measurement or the sampling of material used for the measurement
Il affect operability or future ageing. Non-destructive use‘@f.condition monitoring is preferable
field measurements but with presently available methods it is limited to a few types of
quipment, mainly cables, where the parts of the equipment of interest are accessible in the
bld. In other cases, deposited samples or samiples which can be replaced are—needgd
pcessary to allow condition monitoring.

deposited samples are available or where components can be replaced, a broader range of
bndition monitoring methods can be cansidered, including destructive methods. In this casg,
bndition monitoring can be applied to all types of equipment where the ageing material [-
brmally—erganic polymeric materials’ used for electrical insulation, sealing, etc. can he
ccessed.

Application of condition monitoring in equipment qualification and
management of ageing

1 General

pndition monitoring as part of qualification and management of ageing of electrical equipment
nuclear power plants can have one or a combination of the following aims:

detérmination of acceleration factors for the establishment of qualified life from artificip
laberatory ageing;

4 H £ | ol L
CALWCTISIUTT UT Yuaniicu 11T,
establishment of qualified condition;

periodic assessment of equipment condition after installation for comparison with qualified
condition.

ondition monitoring can also be used for determining whether the degradation of age sensitive

materials in equipment is within specific limits. These limits are those for which it has been
established that the effects on operability in specified service conditions and design basis
events are negligible.
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2 Use of condition monitoring in the establishment of qualified life

2.1 Establishment of qualified life

The qualified life of an equipment is generally established by accelerated ageing of samples in

a

laboratory, followed by verification of their capability to function within acceptance criteria

during a simulated design basis event. The acceleration factor is the ratio between the rate of
degradation under the laboratory simulation and in normal operating conditions in the field.
Condition monitoring is used to establish activation energies for calculation of the acceleration

fa

ctor in accelerated thermal ageing.

7

T
th

~
=y
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te
ch

T
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2.2 Determination of the acceleration factor in accelerated thermal ageing

ne acceleration factor F in accelerated thermal ageing is normally calculated by application of
e Arrhenius equation as follows:

here

and ¢, are the times to reach a certain level of degradation at the temperatures 7y and T,
(in K);
is the activation energy, and

is the Boltzmann constant.

DTE 1 The Arrhenius equation 7 = Ae_E/kT is,a formula for the temperature dependence of the rate r of|a
emical reaction. 4 is a pre-factor (in case of first order reactions called the frequency factor with the unit s—1),| E
the activation energy (here with the unit e\, is the Boltzmann constant (0,861 7 x 10~* eV x K — 1) and T'is the
mperature (in K). The activation energy\is“defined as the energy that-must has to be overcome in order for|a
emical reaction to occur.

he activation energy of a material is normally calculated from the results of measurements pf
condition indicator as a“function of time at different temperatures. The pairs of values of
mperature and time to-reach a certain level of degradation are plotted in an Arrhenius
agram, where the inverse of temperatures (in K) are plotted on a linear scale on the abscisda
nd the time ¢ is plotted on a logarithmic scale on the ordinate. An example is shown in Figure |l.
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Figure 1 — Example of an Arrhenius diagfam

Al straight line between three or more points with a high correlation indicates that there is gn
Afrhenius behaviour of the dependency between rate of/degradation and temperature. The
agtivation energy E (in eV) is calculated from the slope of the line.

NPTE 2 Application far outside the range where the meagsudfement points have been acquired can result |in
significant errors.

The activation energy could vary widely fqr.the same generic type of material for varioys
rgasons, e.g. different detailed formulations,and manufacturing methods.

The acceleration factor and, consequently, the qualified life is sensitive to the value of the
agtivation energy. Inaccuracy in determination of the activation energy has a very significapt
influence on the acceleration factor and consequently on the qualified life based on tesis
including-artifieiat accelerated thermal ageing. This is illustrated in Figure 2.

35
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Activation energy

Quialified life (years)
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Figure 2 — Influence of activation energy on qualified life, determined from-artificial
accelerated thermal ageing for 42 days at 110 °C, followed by a simulated
design basis event

NOTE 3 The normal service temperature is 50 °C. £ = 0,9 eV.
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The example illustrates the necessity for high accuracy and repeatability of the condition

monitoring methods used in measurements for the determination of activation energies.

7.3 Use of condition monitoring in the extension of qualified life

A high degree of conservatism is normally used in the establishment of qualified life during
initial qualification testing. The conservatism takes into account uncertainties in the prediction
of the field environmental conditions, uncertainties in the acceleration factors used for
determination of the qualified life from simulated laboratory ageing, uncertainties in
demonstrating satisfactory performance, normal variations in_commercial production, and

uhcertainties in measurement and test equipment. Most of the equipment will normally see qui
Idwer values regarding, for example, temperature and radiation than the equipment that hay
tHe harshest service condition. Different service conditions will give the possibility 90~hay
different service life on the equipment depending on the position where the equipmenixis use
Due to the conservatism and limitation of time available, combined with use (6f“modera
agceleration factors in simulated laboratory ageing, initial qualification can lresult in g
established qualified life which-may can be far from the service life that can be tolerated befo
aldesign basis event. Methods for extension of qualified life usually includelmonitoring of th
condition of representative samples of installed equipment.

7]4 Use of condition monitoring in the establishment and assessment of qualified

e
e

e
)

e
n
e
e

Cpndition-based qualification is an‘adjunct to type testing.

Cpndition-based qualificatiohlds based on establishment of how the values of appropria
cpndition indicators changel\ith ageing. This is normally established during artificial pre-ageir
by performing the ageinghincrementally and measuring the values of the condition indicators
each increment. The walues at the end of the pre-ageing prior to successful design basis eve
tgsting represent the qualified condition.

NPTE Pre-ageing\does not include accident radiation dose.

After installation, identical measurements of the condition of representative samples are carrig
out periodically and compared with the qualified condition. The principle is illustrate
s¢hgmatically in Figure 3. The rate of change of the condition indicator over time is different f
varylrg levels of severity.

Chndition-haced aualification-is included in IEEE 23222003 99 '3 comnlament or altarnative 1o
CpRaHoR-basecquaHHcatoR1sHcidGe G H1EEE oLo-LAvd s aSa- compremeht—orarteriativeHo
Cbhbndition-based-aualification-is based-on-establishmént of the values of anpropriate conditign
RatHHoR—PBaseaguaHHecaton1sHbasea-onR—estabHSHeRt-o+tneVaHueS-orapproprHate—conatigh
indicators-at the-end-of sageinapriorto-desian-batis/avant testing hese values represent tHe
Hnaicatorsat+the-enRa-orageihgprHorto-aesigh-oadsis~evettesthg—nesevaidesrepresentine
abalified—condition F'he henefit of usina condition- based - —aualification—as g complement or
gyaHHec—cohRaiHoR—mnRe—-peheHt—odSHg—-CcoRaiioR—pasSec—quaHHcation—asS—a—-comprement—pf
alternative to-aualified life—is considerablv dahanced - if the trends (variationwith-time) of tHe
aHterathveto—quaHea+He1S—CconRsiceabry—efhanceaHthetrenras\varHaton—-wWhi+tHnRe)o+trqe
es of the condition-indi 0 a_e hiished-d na-aaeina—e-a- bvnerformina-the =10

u O oNnaitio cicalo a ab a-du g-ag g G- DY P e c 2

ht
nt
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Condition development during artificial ageing
= = = Condition development of installed specimen

........................................................................................................................ ... Qualified condition

Condition indicator value

PSR AN AT R A b A R b e NS Y

"

t1 t2

Time IEC

Figure 3 — lllustration of the principle of conditfion-based qualification

The qualified condition can be established as part ofithe initial qualification testing. If the initigal
gualification has been performed with the target to-establish a qualified life only and no conditign
monitoring has been included, it—may can bge possible to establish the qualified conditign
afterwards without repeating the design basis event testing. If identical samples of equipment
are available which are new or have been stored in environmentally controlled conditions, the
gualified condition can be established Ky repeating the ageing used in the original initigl
gualification testing and determining thé values of appropriate condition indicators (during ang)
al the end of this ageing.

The measurements after installation may be made by other personnel, instrumentation and |n
other laboratories than those;used when the qualified condition was established. This puts|a
high demand on the specification of the condition monitoring methods used and the
dpcumentation and repeatability of the measurements. It is important that quite small changgs
the value of the cendition indicator can be detected. This requires a high degree of accuragy
the condition ménijtoring method.

The acceptanee criteria for measurement in the plant shall allow for sufficient time for equipmept
td be replaced before the qualified condition is exceeded.

715 Use of baseline data

Condition monitoring can be useful for evaluating the Timits of degradation, below which the
functionality in service conditions and simulated design basis events is generally known not to
be significantly affected.

The general usefulness of available data on values of condition indicators, for which operability
in simulated design basis events has been demonstrated, depends on the repeatability and
accuracy of the methods used and how well the condition monitoring has been defined and
reported.
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Annex A
(informative)

Diffusion limited oxidation (DLO)

A.1 General

Exposure of polymeric components to environments containing oxygen during ageing can often

rgsult in heterogeneously oxidised samples. This diffusion limited oxidation (DLO) can occ
whenever the rate of oxygen consumption in a material is greater than the rate at which
oxygen can be resupplied to the interior of the material by diffusion processes f th
syirrounding atmosphere. DLO will lead to a heterogeneity in the oxidation through(l{ga samp
tHickness and a resultant change in physical properties through the thickness. Thisldocume
fdcusses on thermal ageing, however, caution should also apply during radiatioﬁbgeing.

N
%
P

The importance of DLO in any ageing environment depends on a&/@ber of factors:

A.2 Importance of DLO in thermal ageing

e| sample geometry; \\<</
e| oxygen consumption rate; \Q/C)
e| oxygen permeability in the polymer; o\

e| oxygen partial pressure surrounding the samplg?

The oxygen consumption rate is the most im Qr nt factor in determining the degree of DL
observed, since it is determined by the stres&&vel applied, e.g. temperature. For this reaso
DLO becomes much more significant en high acceleration factors are used durin
agcelerated ageing. In thicker samples, . cables and large cross-section seals, DLO will b
of more importance than in thin samp@]&& or the same ageing conditions.

N
DLO can occur during thermal a@ying of polymeric materials. Two examples are shown beloy
Flgure A.1 illustrates the ch ﬁes in indenter modulus through the thickness of an ethylen
pfopylene diene monomer{) M) seal which has been thermally aged at 170 °C and 110 °(
rgspectively. Ageing at \ower temperature shows a reasonably uniform degree of ageirn
tHrough the thickness of the seal, but at the higher temperature, the surface layers are mug
more degraded thz& internal part of the seal.

ur

o« - O
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Figure A.1 — Indenter modulus profiles CéPDM seal aged
at 170 °C (left) and 110 °Cor\|ght) [1]

A.3 Methods for profiling DLO effects QO
N\

N
The importance of understanding DLO effé@é during ageing of polymeric components ha

rgquired the development of methods fi easuring the oxidation profiles in such material
There are a number of methods avai é‘be, some of which are described in more detail
IBRC TS 61244-1 [13]. The main mejl‘@&g in use are:
Q\

e| infrared spectroscopy; \O
o| density profiling; . C\)j:

S, O
e| chemiluminescence; C)

-

e| modulus profiling;

o| X-ray microacj@sis (XMA);

nuclear n@netic resonance (NMR).

Most of t@gg methods require that multiple thin sections are cut from the sample (infrare
densitys emiluminescence) or exposing a cross-section through the thickness (modulu
XM@ more recent development (NMR) has the potential to be used non-destructively ar
c represent a practical routine measurement tool [1].

D

A.4 Theoretical approach to DLO

Theoretical modelling of DLO combines diffusion equations with the kinetics of oxidation. Th

EIE)

L=

U7

is

approach is described in detail in Clause 3 of IEC TS 61244-1:2014 [13]. The shapes of the
oxidation curves through the thickness of the material are determined by the balance between
the diffusion equations and the kinetics. These shapes can vary from a smooth change through
the thickness to an abrupt step change in oxidation at a specific depth. Comparison of

experimental profiling data with theoretical curves has shown that this modelling approach is
valid way of approaching DLO.

a
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The theoretical approach to DLO enables an estimate to be made of the maximum sample
thickness required to avoid DLO effects. The critical thickness L, below which the oxidation

across the sample will be > 90 % of a homogenously oxidised sample, is given by:

w

p
P

R

Lg=1[2p Poy | Ry195

here
is the oxygen partial pressure,
L IS the oxygen permeation rate (equal to diffusion rate times solubility), A
3 is the equilibrium oxygen consumption rate. Q}/
his formula does not take into account different curve shapes, but is a reaso generpl
pression for estimating L. regardless of the precise details of the underlyj oxidatign
inetics. Values for the parameters P, and Ry can be found in the literature fo}\many polymefs

enable these estimates to be made. @Q)
br a specific polymer compound the values in literature can be dlff g.;l/
o\\é/

\Z

S
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
ELECTRICAL EQUIPMENT CONDITION MONITORING METHODS -

Part 1: General

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 Specificatiens, Technical Reporfs
Publicly Available Specifications (PAS) and Guides (hereafter referred to as,'VNEC document(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 liaisifng
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. |[EEE develops ‘its standards through a consensys
development process, approved by the American National Standards lnstitute, which brings together volunteefrs
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily membejrs
of IEEE and serve without compensation. While IEEE administers.the process and establishes rules to promojte
fairness in the consensus development process, IEEE does hot independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use stibject to important notices and legal disclaimers (s¢e
https://standards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance, with' conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus fof
opinion on the relevant subjects since gach technical committee has representation from all interested IHC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societig¢s
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standardis
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

IEC/IEEE Publications have-the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies_in that sense. While all reasonable efforts are made to ensure that the technidal
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote“international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications&:Any divergence between any IEC/IEEE Publication and the corresponding national or regionfal
publication shall be clearly indicated in the latter.

IEC andMEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for,any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication

7)

8)

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies 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.
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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.

IEC/IEEE 62582-1 was prepared by subcommittee 45A: Instrumentation and control of nuclear
facilities, of IEC technical committee 45: Nuclear instrumentation, in cooperation with Nuclear

P

ower Engineering Committee of the IFEFFE Power & Energy Sn(‘ie’ry1 under the IEC/IEEF Dual

L

T

(¢

= T

T

bgo Agreement between |IEC and IEEE. It is an International Standard.
his document is published as an IEC/IEEE Dual Logo standard.

his second edition cancels and replaces the first edition published in 2011. This editign
bnstitutes a technical revision.

nis edition includes the following significant technical changes with respect to the previoys
Hition:

Integration of experience from the work with IAEA-TECDOC-1825:2017 “Benchmafk
analysis for condition monitoring test techniques of low veltage cables in nuclear power
plants. Final results of a Coordinated Research Project’.

Referral to IEC/IEEE 60780-323 instead of IEC 60780 and IEEE 323.

ne text of this International Standard is based on the following IEC documents:
Draft Report on voting
45A/1510/CDV 45A/1537/RVC

LIl information on the voting for its approval can be found in the report on voting indicated
e above table.

>

ne language used for the deyelopment of this International Standard is English.

NJ

nis document was drafted’in accordance with the rules given in the ISO/IEC Directives, Part
ailable at www.iec.e¢h/members_experts/refdocs. The main document types developed by IE
e described in greater detail at www.iec.ch/publications/.

O

list of all parts of IEC/IEEE 62582 series, under the general title Nuclear power plants |-
strumentation and control important to safety — Electrical equipment condition monitoririg
ethods,'\can be found on the IEC website.

hedEC Technical Committee and IEEE Technical Committee have decided that the contengs
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under webstore.iec.ch in the data related to the specific document. At this date, the document

w

=N

ill be

reconfirmed,
withdrawn, or

revised.

A list of IEEE participants can be found at the following URL: http://standards.ieee.org/downloads/62582-1/62582-
1-2011/62582-1-2011_wg-participants.pdf.
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INTRODUCTION

a) Technical background, main issues and organisation of this document

T

his part of this IEC/IEEE 62582 series focuses on methods for condition monitoring for

management of ageing of electrical equipment installed in nuclear power plants and for
application of the concept of qualified condition.

IEC/IEEE 6258-1 is the first part of the IEC/IEEE 62582 series of standards, containing

b

e
a
e

(mnl

IH

g
fu

n

IBC/IEEE 62582 series when they are considered widely applied and a’good reproducibility pf
tHe condition monitoring method can be demonstrated.

IEC/IEEE 60780-323 defined condition-based qualification which is an adjunct to type testing.

these techniques in equipment qualificatien as noted in NUREG/CR-6704, Vol. |2
(BNL -NUREG-52610) [1],2 JNES-SS-0903,,2009 [2] and IAEA-TECDOC-1825:2017 [3].

hckground and guidelines for the application of methods for condition monitoring of electricpl
huipment important to safety of nuclear power plants. The detailed descriptions of the methods
e given in the other parts, one part for each method. This document also includes~somne
ements which are common to all methods.

C/IEEE 62582 series is issued with a joint logo which makes it applicable to the'management
ageing of electrical equipment qualified to IEEE as well as IEC Standards:

pndition monitoring is a developing field and more methods ~willl be added to the

he qualified condition is established by condition indicator(s) prior to the start of accident
bnditions for which the equipment was demonstrated toimeet the design requirements for the
becified service conditions. IEC/IEEE 60780-323 defined condition indicator.

gnificant research has been performed on condition monitoring techniques and the use of

is intended that this IEC/IEEE document be used by operators of nuclear power plantg,
stems evaluators and by licensors.

Situation of the current standard in the structure of the IEC SC 45A standard serieg

C/IEEE 62582-1 is the“third level IEC SC 45A document tackling the issue of application pf
pbndition monitoring in equipment qualification and management of ageing of electrical I1&C
Juipment in nuclear power plants.

C/IEEE 62582-1 is to be read in association with IEC/IEEE 60780-323, which providegs
bneral requirements for qualification of 1&C systems and equipment that are used to perform
nctions.important to safety in NPPs and nuclear facilities.

Dr.fnore details on the structure of the IEC SC 45A standard series, see item d) of thrs

S.

roauction.

c) Recommendations and limitations regarding the application of this document

It

is important to note that this document establishes no additional functional requirements for

safety systems.

This document discusses the general measurement technique for current condition monitoring
methods and is not meant to cover any specific technologies.

2

Numbers in square brackets refer to the Bibliography.
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d) Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies documents (IAEA, 1SO)

The IEC SC 45A standard series comprises a hierarchy of four levels. The top-level documents
of the IEC SC 45A standard series are IEC 61513 and IEC 63046.

IEC 61513 provides general requirements for instrumentation and control (I&C) systems and
equipment that are used to perform functions important to safety in nuclear power plants
(NPPs) IEC 63046 prowdes general requwements for eIectr|caI power systems of NPPs; it

IEC 61513 and IEC 63046 are to be considered in conjunction and at the same level. IEC61513
and IEC 63046 structure the IEC SC 45A standard series and shape a complete_framework
establishing general requirements for instrumentation, control and electrical power-systems for
nuclear power plants.

IHC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for genergl
rgquirements for specific topics, such as categorization of functions,Yand classification of
systems, qualification, separation, defence against common cause failurg, control room design,
electromagnetic compatibility, human factors engineering, cybersecurity, software and
h{rdware aspects for programmable digital systems, coordipation of safety and security

rgquirements and management of ageing. The standards referenced directly at this second levgl
ould be considered together with IEC 61513 and IEC 63046)as a consistent document set.

Al a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
afe standards related to specific requirements for-specific equipment, technical methods, o¢r
agtivities. Usually these documents, which make\reference to second-level documents for
general requirements, can be used on their own,

Alfourth level extending the IEC SC 45 standard series, corresponds to the Technical Reporis
which are not normative.

The IEC SC 45A standards series~gonsistently implements and details the safety and security
ptinciples and basic aspects protided in the relevant IAEA safety standards and in the relevant
dpcuments of the IAEA nucléar security series (NSS). In particular this includes the IAEA
rgquirements SSR-2/1 , establishing safety requirements related to the design of nuclear powe
plants (NPPs), the IAEA safety guide SSG-30 dealing with the safety classification of structures

Regarding nuclear safety, IEC 61513 and IEC 63046 provide the |nterpretat|on of the general
requirements of IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear application sector.
In this framework, I[EC 60880, IEC 62138 and IEC 62566 correspond to IEC 61508-3 for the
nuclear application sector.

IEC 61513 and IEC 63046 refer to ISO 9001 as well as to IAEA GSR part 2 and IAEA GS-G-3.1
and IAEA GS-G-3.5 for topics related to quality assurance (QA).
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At level 2, regarding nuclear security, IEC 62645 is the entry document for the IEC/SC 45A
security standards. It builds upon the valid high level principles and main concepts of the
generic security standards, in particular ISO/IEC 27001 and ISO/IEC 27002; it adapts them and
completes them to fit the nuclear context and coordinates with the IEC 62443 series. At level 2,
IEC 60964 is the entry document for the IEC SC 45A control rooms standards, I[EC 63351 is the
entry document for the human factors engineering standards and IEC 62342 is the entry
document for the ageing management standards.

NOTE 1 Itis assumed that for the design of I1&C systems in NPPs that implement conventional safety functions (e.g.
to address worker safety, asset protection, chemical hazards, process energy hazards) international or national
stpndards wourd be apptied.

P4

DTE 2 |IEC TR 63400 provides a more comprehensive description of the overall structure of the IEC.SC-48A
stpndards series and of its relationship with other standards bodies and standards.
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NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
ELECTRICAL EQUIPMENT CONDITION MONITORING METHODS -

Part 1: General

1| Scope

This part of the IEC/IEEE 62582 series contains requirements for application of the other par
of IEC/IEEE 62582 related to specific methods for condition monitoring in electrical equipme
important to safety of nuclear power plants. It also includes requirements which are common

all methods. The procedures defined in IEC/IEEE 62582 are intended for_detailed conditig
monitoring.

IBC/IEEE 62582 specifies condition monitoring methods in sufficient)detail to enhance tH
agcuracy and repeatability, and provide standard formats for reporting-the results. The methog
specified are applicable to electrical equipment containing polymefi¢ materials. Some methog
are especially designed for the measurement of condition of a_limited range of equipment whil
others can be applied to all types of equipment for which the.polymeric parts are accessible.

Although the scope of IEC/IEEE 62582 is limited to the application of instrumentation arj
control systems important to safety, the condition maonitoring methods can also be applicab
tq other components which include polymeric materials.

The different parts of IEC/IEEE 62582 are measurement standards, primarily for use in th
mlanagement of ageing in initial qualification“and after installation. For the technical backgrour
of condition monitoring methods, reference is made to other IEC standards, e.
IBC 60544-5 [1]. Information on therole of condition monitoring in qualification of electric
equipment important to safety is\“found in IEC/IEEE 60780-323. General information g
mlanagement of ageing can be found in IEC 62342 [5] and IEEE 1205 [6].

NPTE A simplified version of the\procedures can be appropriate for preliminary assessment of the need for detailg
mpeasurements.

2| Normative references

The followingsdocuments are referred to in the text in such a way that some or all of their conte
constitutesrequirements of this document. For dated references, only the edition cited applie
Fpr undated references, the latest edition of the referenced document (including ar
amendments) applies.

(7]
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IEC/IEEE 62582 (all parts), Nuclear power plants — Instrumentation and control important to

safety — Electrical equipment condition monitoring methods
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3 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following

addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |ISO Online browsing platform: available at https://www.iso.org/obp

¢| |IEEE Standards Dictionary Online: available at http://dictionary.ieee.org

31

condition indicator
characteristic of a structure, system or component that can be observed, measured or trends
d infer or directly indicate the current and future ability of the structure, system 6r compone
d function within acceptance criteria

[JOURCE: IAEA Nuclear Safety and Security Glossary, 2022 (Interim)-Edition]

3]2
condition monitoring

cpntinuous or periodic tests, inspections, measurement ot trending of the performance
physical characteristics of structures, systems and companents to indicate current or futu
performance and the potential for failure

[JOURCE: IAEA Safety Glossary, 2018 Edition, mpmodified — note removed.]

3J3

equipment qualification

generation and maintenance of evidence to ensure that equipment will operate on deman
under specified service conditions, to-meet system performance requirements

[JOURCE: IAEA Nuclear Safety and Security Glossary, 2022 (Interim) Edition, modified — notg
not included.]

34

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

—
Q)

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

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

pr

Df

Note 1 to entry:
a) For usage consistent with IEC 61226 [11], equipment important to safety are as follows:

1) all 1&C equipment performing Category A to Category C functions (in accordance with the IEC 61226 [1
categorisation scheme);

2) all electrical equipment necessary to ensure emergency energy supply to this equipment in case of a loss
normal power supply;

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

1

of

(if
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b) For usage consistent with other IEEE documents and a Class 1E categorization; for equipment important to
safety, qualification is essential to the following:

1) electric equipment and systems that are essential to emergency reactor shutdown, containment isolation,
reactor core cooling, and containment and reactor heat removal, or;

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

Note 2 to entry: Users of this document are advised that Class 1E is a functional term. Equipment and systems are
to be classified Class 1E only if they fulfil the functions listed in the definition. Identification of systems or equipment
as Class 1E based on anything other than their function is an improper use of the term and should be avoided.

[FOURCETECHEEE 60780-32372016, 3. 12]

315
tactile observation
gualitative assessment of a polymer’s condition through the physical examination gf\the exteripr
of a material as observed by a knowledgeable person who, via experience or|training, cgn
deduce degradation based on the hardness or softness of the material by.lightly bending or
pfessing a fingernail into the surface and via their knowledge and experience, or training cgn
deduce degradation based on the observed condition to assess if quantitative assessments afe
wgarranted

316
visual observation

qualitative assessment of a polymer’s condition through the, visible examination of the exteripr
of material as observed by a knowledgeable person who, viaexperience or training, can deduge
degradation based on the observed condition to assess if quantitative assessments afe
wgarranted

3)7
qualified condition

condition of an equipment, prior to the statt of a design basis event, for which the equipment
wps demonstrated to meet the design requirements for the specified service conditions. Thjs
could include certain post accident codling and monitoring systems that are expected to rema|n
operational

[SOURCE: IEC/IEEE 60780-323:2016, 3.19]

3i8
qualified life

period for which a“structure, system or component has been demonstrated, through testing,
analysis or experience, to be capable of functioning within acceptance criteria during specifjc
operating conditions while retaining the ability to perform its safety functions in accidept
conditions for-a design basis accident or a design basis earthquake

[FOURCE: IAEA Nuclear Safety and Security Glossary, 2022 (Interim) Edition]

3.9
service life
period from initial operation to final withdrawal from service of a structure, system or component

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022 (Interim) Edition]

3.10

design basis events

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

[SOURCE: IEEE Standards Dictionary Online]
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3.11

service conditions

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

[SOURCE: IAEA Safety Glossary, 2007, modified, addition of “design extension conditions” and
use of term “equipment instead of “structure, system or component”]

12

jeing

bneral process in which characteristics of a system or component gradually change with.time
use

oQ 9 W

[SOURCE: IEC/IEEE 60780-323:2016, 3.2]

13

ccelerated ageing
ethod of equipment testing in which the ageing associated with longérterm service conditions
simulated in a short time

o 39w

Ne¢te 1 to entry: Usually, accelerated ageing attempts to simulate natural ageing effects by application of stressors
reppresenting pre-service and service conditions, but with differences, in_intensity, duration and the manner ppf
application.

[SOURCE: IAEA Nuclear Safety and Security Glossary;~2022 (interim) Edition]

4| Condition indicators

41 General

The condition indicator shall be measurable, change monotonically with time, be linked to tHe
fynctional degradation of the qualified equipment, and have a consistent trend from unaggd
tHrough the Ilimit of the qualified pre-accident condition, and applied according f{o
IBC/IEEE 60780-323.

This trend should be established during the pre-ageing part of the equipment qualification.
When establishing the trend of condition indicators with ageing time, it is important that
agceleration factors.(both thermal and radiation) are kept as small as practical. See Annex|A
fgr additional infortmation on diffusion limited oxidation (DLO).

Cpndition _menitoring programs rely on measurable indicators that provide insight into the
oyerall degradation of the materials. To perform measurements of the condition of naturally
aged eomponents, a sample shall either be taken destructively or the measurements shall he
d
n

made ‘oh the material in the field in a nhon- destructlve way The Iatter methods are preferre

difficult to perform these types ofmeasurements d|rectly in the fleld W|th the reqwred degree of
repeatability and accuracy.

In polymeric materials, ageing occurs that can adversely impact the important safety function
through a range of chemical reactions, including chain scission and cross-linking, which alter
the polymeric structure. For condition monitoring programs, it becomes imperative to find
methods that, either directly or indirectly, follow the progress of these reactions. A large number
of methods exist to perform this task, which makes it difficult to provide an overview of each
individual technique. Instead, this document will focus on general groups of methods. The
overall description of these groups is provided in 4.2 through 4.6.
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4.2 Chemical indicators

As mentioned above, the degradation mechanism for polymeric materials follows from a series
of chemical reactions in which the chemical structure of the polymer is altered. The progressive
change in the chemistry of the material provides an opportunity to monitor the degradation
throughout its ageing. Numerous techniques exist to perform this task, some which monitor the
polymer chain degradation itself and others which monitor side reactions which are related to
the degradation.

3 Physical indicators

4,

Apother key family of indicators includes techniques which monitor the material’s physical
pfoperties. The degradation of polymeric materials manifests itself in changes to these physichl
pfoperties (i.e. tensile strength, elongation, and hardness). By measuring these physical
characteristics, it is possible to create a correlation with the aged condition of the(material.

44 Electrical indicators

Althird category of techniques involves measuring electrical properties-0f)the materials. Mar
of these techniques were developed for polymeric materials used in electfical insulation. With
tHis family there are two basic subsets of methods. The first subset involves measuring the
dielectric properties of the materials.

o<

Al second subset of methods monitors the electrical response of systems under normal
operation. In these cases, a signal is passed through the\€lectrical system and any changgs
from baseline are detected. These changes could be @igns of degradation, whether through
ageing or through physical damage.

415 Other indicators

Ap new technologies are developed andZimplemented, it becomes necessary to develdp
cpndition monitoring methods to keep pace.

6 Visual and tactile observation

4

Vlsual and tactile testing .methods are non-intrusive testing techniques for accessib
components. The purpos€_uof this physical inspection method is to identify crack
discolouration, visible contamination of the components, the presence of chemicals or oils, arn
ofher local damage such.as swelling or deformation, to provide a qualitative assessment of th
condition of for example a cable’s jacket material that could indicate problems with th
insulation.

oo aX o

V|sual and tactile methods may be used as a screening tool for ageing assessment and indicafe
tHat furthérevaluation is necessary by applying other methods in accordance with the differept
parts ofttEC/IEEE 62582.

5 icability ition indi i y y i ials

There is currently no single condition monitoring method which is suitable for all polymeric
materials. A basic requirement for inclusion in a part of the IEC/IEEE 62582 series is that the
condition indicators are sensitive to the effects of ageing. An important characteristic of a useful
condition indicator is that it shows a trend that changes monotonically with degradation and can
be correlated with the safety related performance. An indicator that does not change for a long
time and then suddenly undergoes drastic changes is not useful for prognostic applications.
This can be the case with mechanical condition monitoring on semi-crystalline materials, e.g.
cross-linked polyethylene and thermosetting resins, dependent on the formulation.
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Information on the applicability of various condition indicators to different polymeric materials

used in instrument and control equipment in nuclear power plants can be found i
IAEA-TECDOC-1188 [12], IAEA-TECDOC-1825 [3] and in EPRI 1022969 [14].

6 Destructive and non-destructive condition monitoring

in

A condition monitoring method can be considered destructive or non-destructive, depending on
whether the measurement or the sampling of material used for the measurement will affect

operability or future ageing. Non-destructive use of condition monitoring is preferable in fiel
;lzaasurements but with presently available methods it is limited to a few types of equipmen
c

ainly cables, where the parts of the equipment of interest are accessible in the field. In.other

ses, deposited samples or samples which can be replaced are necessary to allow cenditig
mlonitoring.

=

deposited samples are available or where components can be replaced, a broader range
bndition monitoring methods can be considered, including destructive methaeds. In this cas
bndition monitoring can be applied to all types of equipment where the)ageing material
brmally polymeric materials used for electrical insulation, sealing, etc(tanh be accessed.

500

7| Application of condition monitoring in equipment qualification and
management of ageing

~

1 General

Cpndition monitoring as part of qualification and management of ageing of electrical equipme
nuclear power plants can have one or a combination of the following aims:

S.

o | determination of acceleration factors for.the establishment of qualified life from artifici
laboratory ageing;

o| extension of qualified life;
¢ | establishment of qualified condition;

e| periodic assessment of equipment condition after installation for comparison with qualifie
condition.

Cpndition monitoring can(also be used for determining whether the degradation of age sensitiy
materials in equipment is within specific limits. These limits are those for which it has begq
established that theveffects on operability in specified service conditions and design bas
eyents are negligible.

7]2 Use of condition monitoring in the establishment of qualified life
7)2.1 Establishment of qualified life

Thequalified life of an equipment is generally established by accelerated ageing of samples

d
t

n

Df

A%

T

>

n

a taboratory, fottowed by verificationm of their capabitity tofunctiom withimacceptance criter

a

during a simulated design basis event. The acceleration factor is the ratio between the rate of
degradation under the laboratory simulation and in normal operating conditions in the field.
Condition monitoring is used to establish activation energies for calculation of the acceleration

factor in accelerated thermal ageing.
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7.2.2 Determination of the acceleration factor in accelerated thermal ageing

4

The acceleration factor F in accelerated thermal ageing is normally calculated by application of

the Arrhenius equation as follows:

_5{1_1}
LY (1)

where

~
=

(in K);
is the activation energy, and

k is the Boltzmann constant.

NDTE 1 The Arrhenius equation » = Ae_E/kT is a formula for the temperatute’ dependence of the rate r of|
chllemical reaction. 4 is a pre-factor (in case of first order reactions called the frequency factor with the unit s—-1),
is|the activation energy (here with the unit eV), k is the Boltzmann constant (9,861 7 x 107 eV x K— 1) and Tis t

temperature (in K). The activation energy is defined as the energy that has to be overcome in order for a chemiqg
refction to occur.

The activation energy of a material is normally calculated from the results of measurements
a|condition indicator as a function of time at diffefent temperatures. The pairs of values
tgmperature and time to reach a certain level -0f /degradation are plotted in an Arrheniu
dlagram, where the inverse of temperatures (in:K)-are plotted on a linear scale on the absciss
and the time ¢ is plotted on a logarithmic scale-on the ordinate. An example is shown in Figure

and 1, are the times to reach a certain level of degradation at the temperatures!T; and T

al
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Figure 1 — Example of an Arrhenius diagram

A straight line between three or more points with a high correlation indicates that there is an
Arrhenius behaviour of the dependency between rate of degradation and temperature. The

activation energy E (in eV) is calculated from the slope of the line.

NOTE 2 Application far outside the range where the measurement points have been acquired can result
significant errors.

in
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