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NUCLEAR POWER PLANTS -
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Part 1: General

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

rising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international

cq-operation on all questions concerning standardization in the electrical and electronicfi€lds. To this en
in|addition to other activities, IEC publishes International Standards, Technical Specificdations, Technical Re
Pliblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)").

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
mpy participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees
IEEE Standards Association (IEEE SA) Standards Board. |IEEE develops™its standards through a cons
dgvelopment process, approved by the American National Standards, Institute, which brings together volun
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily mej
of| [EEE and serve without compensation. While IEEE administers the process and establishes rules to pr
fajrness in the consensus development process, |[EEE does ot independently evaluate, test, or verif
adcuracy of any of the information contained in its standards’. Use of IEEE Standards documents is
vdluntary. IEEE documents are made available for use subject to important notices and legal disclaimerd
https://standards.ieee.org/ipr/disclaimers.html for more information).

IEIC collaborates closely with IEEE in accordance with conditions determined by agreement between th
organizations. This Dual Logo International Standatd-was jointly developed by the IEC and IEEE under the
of|that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consens
ofinion on the relevant subjects since each technical committee has representation from all intereste
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Soqg
anld Standards Coordinating Committees has been reached, is determined by a balanced ballot of mat
inferested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE stan
dqcument is given by the IEEE-Standards Association (IEEE SA) Standards Board.

IHC/IEEE Publications have the form of recommendations for international use and are accepted by IEC N4
Cpmmittees/IEEE Societies, in that sense. While all reasonable efforts are made to ensure that the tec
cqntent of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which
are used or for any misinterpretation by any end user.

In| order to promote: international uniformity, IEC National Committees undertake to apply IEC Public
(ipcluding IECHEEE Publications) transparently to the maximum extent possible in their national and re
pyblications=~Any divergence between any IEC/IEEE Publication and the corresponding national or re
pyblication\shall be clearly indicated in the latter.

IHC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not respo
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foL_any services carried out by independent certification bodies

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

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-discrimin
Users of this standard are expressly advised that determination of the validity of any patent rights, and th
of infringement of such rights, is entirely their own responsibility.

atory.
e risk

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
Power Engineering Committee of the IEEE Power & Energy Society!, under the IEC/IEEE Dual
Logo Agreement between IEC and IEEE. It is an International Standard.

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

This| second edition cancels and replaces the first edition published in 2011, This edition

congtitutes a technical revision.

This|edition includes the following significant technical changes with respect to the preyious

editipn:

a) Integration of experience from the work with IAEA-TECDOC-1825:2017 “Bench

b) Referral to IEC/IEEE 60780-323 instead of IEC 60780 ahd IEEE 323.

The fext of this International Standard is based on the‘following IEC documents:

Full Information on the voting for its approval can be found in the report on voting indicatg
the gbove table.

The Janguage used for the development of this International Standard is English.

This|[document was drafted in accordance with the rules given in the ISO/IEC Directives, Pa
available at www.iec.¢hfmembers_experts/refdocs. The main document types developed by
are described in greater detail at www.iec.ch/publications/.

A list of all pafts of IEC/IEEE 62582 series, under the general title Nuclear power plar
Instrumentation and control important to safety — Electrical equipment condition monit
methods( can be found on the IEC website.

The TECT Technical Committee and IEEE Technical Committee have decided that the con

gnalysis for condition monitoring test techniques of low xoltage cables in nuclear p
dlants. Final results of a Coordinated Research Project’.

Draft Report on voting

45A/1510/CDV 45A/1537/RVC

mark
bwer
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rt 2,

IEC

ts —
bring

ents

of this document will remain unchanged until the stability date indicated on the IEC website
under webstore.iec.ch in the data related to the specific document. At this date, the document
will be

1

reconfirmed,
withdrawn, or

revised.

1-2011/62582-1-2011_wg-participants.pdf.

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

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

This 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
background and guidelines for the application of methods for condition monitoring of electrical
equipment important to safety of nuclear power planis. The detailed descriptions of the methods
are given in the other parts, one part for each method. This document also includes’qJome
elenents which are common to all methods.

IEC/|EEE 62582 series is issued with a joint logo which makes it applicable to the’ management
of ageing of electrical equipment qualified to IEEE as well as IEC Standards.

Condlition monitoring is a developing field and more methods <will' be added to| the
IEC/|EEE 62582 series when they are considered widely applied and’a’good reproducibility of
the gondition monitoring method can be demonstrated.

IEC/|EEE 60780-323 defined condition-based qualification whieh is an adjunct to type tedting.
The |qualified condition is established by condition indicator(s) prior to the start of accident
conditions for which the equipment was demonstrated to- meet the design requirements fof the
spedified service conditions. IEC/IEEE 60780-323 defined condition indicator.

Signfficant research has been performed on condition monitoring techniques and the uge of
thesg techniques in equipment qualification as noted in NUREG/CR-6704, Vol. 2
(BNL -NUREG-52610) [1],2 JNES-SS-090332009 [2] and IAEA-TECDOC-1825:2017 [3].

It is|intended that this IEC/IEEE document be used by operators of nuclear power plants,
systéms evaluators and by licensors:

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

IEC/|JEEE 62582-1 is the\third level IEC SC 45A document tackling the issue of applicatign of
condition monitoring (in) equipment qualification and management of ageing of electricall I&C
equipment in nuclear)power plants.

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

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

c) Recommendations and limitations regarding the application of this 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 provides general requirements for electrical power systems of NPPs; it
covers power supply systems including the supply systems of the I&C systems.

IEC p1513 and IEC 63046 are to be considered in conjunction and at the same level. IEC\8{1513
and |[EC 63046 structure the IEC SC 45A standard series and shape a complete_framework
establishing general requirements for instrumentation, control and electrical power-systemis for
nuclear power plants.

IEC p1513 and IEC 63046 refer directly to other IEC SC 45A standards for general
requjrements for specific topics, such as categorization of functions‘@nd classification of
systéms, qualification, separation, defence against common cause failufe, control room design,
elecfromagnetic compatibility, human factors engineering, cybersecurity, software |[and
hardware aspects for programmable digital systems, coordipation of safety and sedurity
requjrements and management of ageing. The standards refereneed directly at this second |evel
shoyld be considered together with IEC 61513 and IEC 63046,as a consistent document sfet.

At althird level, IEC SC 45A standards not directly refefenced by IEC 61513 or by IEC 63046
are $tandards related to specific requirements for<&pecific equipment, technical methods, or
activfities. Usually these documents, which make. reference to second-level documents for
gengral requirements, can be used on their owns

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

The |[EC SC 45A standards seriesx¢cansistently implements and details the safety and sedurity
pringiples and basic aspects provided in the relevant IAEA safety standards and in the relgvant
docyments of the IAEA nuglear security series (NSS). In particular this includes the IAEA
requjrements SSR-2/1 , establishing safety requirements related to the design of nuclear ppwer
planis (NPPs), the IAEA safety guide SSG-30 dealing with the safety classification of struct{res,
systéms and componénts in NPPs, the IAEA safety guide SSG-39 dealing with the design of
instrumentation and control systems for NPPs, the IAEA safety guide SSG-34 dealing with the
design of electricakpower systems for NPPs, the IAEA safety guide SSG-51 dealing with hyman
factgrs engineéring in the design of NPPs and the implementing guide NSS42-G for computer
secufrity at nuclear facilities. The safety and security terminology and definitions used by the
SC 45A standards are consistent with those used by the IAEA.

fety
ork.
Regarding nuclear safety, IEC 61513 and IEC 63046 provide the interpretation 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
standards would be applied.

NOTH 2 IEC TR 63400 provides a more comprehensive description of the overall structure of the IEC{S¢ 45A
standprds 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 anpn

This
of IE

part of the IEC/IEEE 62582 series contains requirements for application of the dther |
C/IEEE 62582 related to specific methods for condition monitoring in electrical equip

impdrtant to safety of nuclear power plants. It also includes requirements which-are comm
all methods. The procedures defined in IEC/IEEE 62582 are intended for detdiled cond
mon{toring.

IEC/
accu
spec
are ¢
othe

Althg
cont
to ot

The
man
of ¢
IEC
equi
man

NOTH
meas

2

The

EEE 62582 specifies condition monitoring methods in sufficient.detail to enhancs
racy and repeatability, and provide standard formats for reporting‘the results. The met
ified are applicable to electrical equipment containing polymeric materials. Some met
specially designed for the measurement of condition of adimited range of equipment w
s can be applied to all types of equipment for which the ‘polymeric parts are accessib

ugh the scope of IEC/IEEE 62582 is limited to~the application of instrumentation
ol systems important to safety, the condition monitoring methods can also be applig
her components which include polymeric materials.

different parts of IEC/IEEE 62582 arexmieasurement standards, primarily for use in
hgement of ageing in initial qualification'and after installation. For the technical backgr
ondition monitoring methods, .reference is made to other IEC standards,

b0544-5 [1]. Information on the ole of condition monitoring in qualification of elec

bgement of ageing can be found in IEC 62342 [5] and IEEE 1205 [6].

A simplified version of the procedures can be appropriate for preliminary assessment of the need for d¢
Lirements.

Normative references

constitutes requirements of this document. For dated references, only the edition cited apg

For
ame

undated references, the latest edition of the referenced document (including

barts
ment
bn to
ition

the
hods
hods
hilst
e.

and
able

the
bund
e.g.
rical

bment important to safety is(_found in IEC/IEEE 60780-323. General informatiop on

tailed

following-doCuments are referred to in the text in such a way that some or all of their content

lies.
any

hdments) applies.

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

addr

esses:

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

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

FEE Standards Dictionary Online: available at http-//dictionary ieee org

3.1

condition indicator

char
to in
to fu

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

3.2

cont
phy

[SOURCE: IAEA Safety Glossary, 2018 Edition, medified — note removed.]

3.3
equi

gengration and maintenance of evidence to ensure that equipment will operate on dem
undgr specified service conditions, to_meet system performance requirements

[SOWRCE: IAEA Nuclear Safetyand Security Glossary, 2022 (Interim) Edition, modified —

not i

3.4

equipment important to safety

conjition monitoring

hcteristic of a structure, system or component that can be observed, measured-or tre
fer or directly indicate the current and future ability of the structure, system or compg
hction within acceptance criteria

nuous or periodic tests, inspections, measurement onltrending of the performang

pment qualification

ncluded.]

nded
nent

e or

ical characteristics of structures, systems and components to indicate current or fditure
performance and the potential for failure

and,

otes

ndue

nces

re of

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

radigtion exposureof the site personnel or members of the public. Equipment including:

o those structures, systems and components that prevent anticipated operational occurre
ffom leading to accident conditions;

o thase features that are provided to mitigate the consequences of malfunction or failu
sfructures, systems and components.

Note 1 to entry:

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

1)
2)

3)

all 1&C equipment performing Category A to Category C functions (in accordance with the IEC 61226 [11]

categorisation scheme);

all electrical equipment necessary to ensure emergency energy supply to this equipment in case of a loss of

normal power supply;

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).
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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.

[SOURCE: IEC/IEEE 60780-323:2016, 3.12]

3.5
tactile observation
qualltative assessment of a polymer’s condition through the physical examination of the exterior
of a|material as observed by a knowledgeable person who, via experience @I training,| can
dedyce degradation based on the hardness or softness of the material by, lightly bendirg or
prespging a fingernail into the surface and via their knowledge and experience, or training can
dedyce degradation based on the observed condition to assess if quantitative assessments are
warrgnted

3.6
visupl observation
qualltative assessment of a polymer’s condition through the visible examination of the exterior
of material as observed by a knowledgeable person who, via experience or training, can defluce
degrpdation based on the observed condition to assess if quantitative assessments| are
warrgnted

3.7
quallified condition
condition of an equipment, prior to the start-of a design basis event, for which the equipment
was [demonstrated to meet the design requirements for the specified service conditions. [This
could include certain post accident cogling and monitoring systems that are expected to remain
operptional

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

3.8
quallified life
periqd for which a'structure, system or component has been demonstrated, through tedting,
analysis or experience, to be capable of functioning within acceptance criteria during specific
operpting conditions while retaining the ability to perform its safety functions in accident
conditions for.a design basis accident or a design basis earthquake

[SOURCE: 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”]

3.12

ageing
gengral process in which characteristics of a system or component gradually change with [time
or uge

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

3.13
accglerated ageing
method of equipment testing in which the ageing associated with longeriierm service conditions
is simulated in a short time

Note [l to entry: Usually, accelerated ageing attempts to simulate natural a@geing effects by application of strgssors
repregenting pre-service and service conditions, but with differences, in\intensity, duration and the manrer of
appligqation.

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

4 Condition indicators

4.1 General

The [condition indicator shall be measurable, change monotonically with time, be linked t¢ the
functional degradation of the qualified equipment, and have a consistent trend from unaged
throygh the Ilimit of the qualified pre-accident condition, and applied according to
IEC/|EEE 60780-323.

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

Condition menitoring programs rely on measurable indicators that provide insight intg

difficult to perform these types of measurements directly in the field with the required 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.

4.3 Physical indicators

Anotrerkey famity of ndicators—inciudes techniques which monitor the materiats phygical
propgrties. The degradation of polymeric materials manifests itself in changes to thesephygical
properties (i.e. tensile strength, elongation, and hardness). By measuring thesé ‘phygical
charpcteristics, it is possible to create a correlation with the aged condition of the material.

4.4 Electrical indicators

A third category of techniques involves measuring electrical properties ofithe materials. Many
of thpse techniques were developed for polymeric materials used in electrical insulation. Within
this family there are two basic subsets of methods. The first subSet’involves measuring the
dieldctric properties of the materials.

A sg¢cond subset of methods monitors the electrical response of systems under ndrmal
operption. In these cases, a signal is passed through the.electrical system and any chanpges
from| baseline are detected. These changes could be~Signs of degradation, whether thropugh
ageiphg or through physical damage.

4.5 Other indicators

As new technologies are developed and“implemented, it becomes necessary to develop
condition monitoring methods to keep pace.

4.6 Visual and tactile observation

Visupl and tactile testing methods are non-intrusive testing techniques for accesgible
components. The purpose Jof this physical inspection method is to identify cracks,
discolouration, visible contamination of the components, the presence of chemicals or oils| and
othef local damage suchras swelling or deformation, to provide a qualitative assessment of the
condition of for example a cable’s jacket material that could indicate problems withl the
insulation.

Visupl and tactile methods may be used as a screening tool for ageing assessment and ind|cate
that furtherevaluation is necessary by applying other methods in accordance with the diff¢rent
partg of IEC/IEEE 62582.

5 Applicability of condition indicators to different types of polymeric materials

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 in
IAEA-TECDOC-1188 [12], IAEA-TECDOC-1825 [3] and in EPRI 1022969 [14].

6 Destructive and non-destructive condition monitoring

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 field
measurements but with presently available methods it is limited to a few types of equipment,
mair{ly cables, where the parts of the equipment of INterest are accessible n the field. In ¢ther
cases, deposited samples or samples which can be replaced are necessary to allow condition
mon{toring.

If deposited samples are available or where components can be replaced, a broader range of
condition monitoring methods can be considered, including destructive methads. In this qase,
condition monitoring can be applied to all types of equipment where the ageing materjal —
normally polymeric materials used for electrical insulation, sealing, etc: can be accessed.

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

7.1 General

Condlition monitoring as part of qualification and matagement of ageing of electrical equipment
in nyclear power plants can have one or a combination of the following aims:

e determination of acceleration factors for the establishment of qualified life from artificial
aboratory ageing;

o gxtension of qualified life;
e gstablishment of qualified condition;

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

Condgition monitoring can.also be used for determining whether the degradation of age sengitive
matgrials in equipmentiis within specific limits. These limits are those for which it has been
estaplished that the effects on operability in specified service conditions and design basis
ever|ts are negligible:

7.2 | Use of condition monitoring in the establishment of qualified life

7.2.1 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
factor in accelerated thermal ageing.
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7.2.2 Determination of the acceleration factor in accelerated thermal ageing

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

the Arrhenius equation as follows:

_5{1_1}
Fol_, kR T

(1)

whele

ty arld t, are the times to reach a certain level of degradation at the temperatures'\7’y and 7,

(in K);

is the activation energy, and

k is the Boltzmann constant.

NOTH 1 The Arrhenius equation » = Ae_E/kT is a formula for the temperatute ‘dependence of the rate

chem|cal reaction. 4 is a pre-factor (in case of first order reactions called the freguency factor with the unit s
is the|activation energy (here with the unit eV), k is the Boltzmann constant(0,861 7 x 107* eV x K- 1) and T

of a
1), E
is the

tempgrature (in K). The activation energy is defined as the energy that has{te be overcome in order for a chgmical

reactipn to occur.

The fctivation energy of a material is normally calculated from the results of measurements of
a condition indicator as a function of time at different temperatures. The pairs of valugs of
temperature and time to reach a certain level -0f degradation are plotted in an Arrhgnius
diagfam, where the inverse of temperatures (in K))are plotted on a linear scale on the absgissa

re 1.

and the time ¢ is plotted on a logarithmic scale ©n the ordinate. An example is shown in Figu
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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.
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 res
significant errors.

The

ult in
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The activation energy could vary widely for the same generic type of material for various
reasons, e.g. different detailed formulations and manufacturing methods.

The acceleration factor and, consequently, the qualified life is sensitive to the value of the
activation energy. Inaccuracy in determination of the activation energy has a very significant
influence on the acceleration factor and consequently on the qualified life based on tests
including accelerated thermal ageing. This is illustrated in Figure 2.
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Figure 2 — Influence of activation energy on qualified life, determined from accelerated
{hermal ageing for 42 days at 110 °C, followed by a simulated design basis even

NOTH 3 The normal service temperature is 50 °C. E = 0,9%eV.

The |example illustrates the necessity for “high accuracy and repeatability of the condition
mon|toring methods used in measuremepts 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 dliring
initigl qualification testing. Thé conservatism takes into account uncertainties in the predigtion
of the field environmental conditions, uncertainties in the acceleration factors used for
detefmination of the~‘qualified life from simulated Ilaboratory ageing, uncertaintiep in
dempnstrating satisfactory performance, normal variations in commercial production,|and
uncgrtainties in measurement and test equipment. Most of the equipment will normally see quite
lower values regarding, for example, temperature and radiation than the equipment that have
the harshest service condition. Different service conditions will give the possibility to have
diffefent service life on the equipment depending on the position where the equipment is Used.
Due|tor thé conservatism and limitation of time available, combined with use of modgrate
acceleration factors in simulated laboratory ageing, initial qualification can result i$ an
established qualified life which can be far from the service life that can be tolerated before a
design basis event. Methods for extension of qualified life usually include monitoring of the
condition of representative samples of installed equipment.

7.4 Use of condition monitoring in the establishment and assessment of qualified
condition

Condition-based qualification is an adjunct to type testing.

Condition-based qualification is based on establishment of how the values of appropriate
condition indicators change with ageing. This is normally established during artificial pre-ageing
by performing the ageing incrementally and measuring the values of the condition indicators at
each increment. The values at the end of the pre-ageing prior to successful design basis event
testing represent the qualified condition.
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NOTE Pre-ageing does not include accident radiation dose.

After installation, identical measurements of the condition of representative samples are carried
out periodically and compared with the qualified condition. The principle is illustrated
schematically in Figure 3. The rate of change of the condition indicator over time is different for
varying levels of severity.

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

The
qual
mon

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

Condition indicator value

SR e i ST A S R

~
w

Time IEC

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

gualified condition can be established as part of the initial qualification testing. If the i
fication has been performed with the target to establish a qualified life only and no cond
toring has been included, it'can be possible to establish the qualified condition afterw

without repeating the design-basis event testing. If identical samples of equipment are avai

whic|
cond
testi

h are new or have been stored in environmentally controlled conditions, the qua
ition can be established by repeating the ageing used in the original initial qualific
ng and determining ‘the values of appropriate condition indicators (during and) at the

of thjs ageing.
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measurements after installation may be made by other personnel, instrumentation a

detmand on the specification of the condition monitoring methods used and
mentation and repeatability of the measurements. It is important that quite small cha
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in the condition monitoring method.

racy

The acceptance criteria for measurement in the plant shall allow for sufficient time for equipment
to be replaced before the qualified condition is exceeded.
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7.5 Use of baseline data

Condition monitoring can be useful for evaluating the limits 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)

General

Exposure of polymeric components to environments containing oxygen during ageing can often
result in heterogeneously oxidised samples. This diffusion limited oxidation (DLO) can occur

oxy

thic

focugses on thermal ageing, however, caution should also apply during radiation,ageing.

A.2| Importance of DLO in thermal ageing

The jmportance of DLO in any ageing environment depends on a number of factors:

The loxygen consumption rate is the most impértant factor in determining the degree of

obs

DLO

acc

of mpre importance than in thin samples-for the same ageing conditions.

DLO|can occur during thermal ageihg of polymeric materials. Two examples are shown be
Figufe A.1 illustrates the changes in indenter modulus through the thickness of an ethy
proplylene diene monomer (EPDM) seal which has been thermally aged at 170 °C and 11
respgctively. Ageing at the.lower temperature shows a reasonably uniform degree of ag
throygh the thickness-0f‘the seal, but at the higher temperature, the surface layers are n
morg degraded thap-the internal part of the seal.

whe
Jen can be resupplied to the interior of the material by diffusion processes from

surrgunding atmosphere. DLO will lead to a heterogeneity in the oxidation through the 'sa

Kness and a resultant change in physical properties through the thickness. Thisldocu

sample geometry;
dgxygen consumption rate;
gxygen permeability in the polymer;

dgxygen partial pressure surrounding the sample

drved, since it is determined by the stressilevel applied, e.g. temperature. For this rea

elerated ageing. In thicker samples, eig. cables and large cross-section seals, DLO w

) the

the
mple
ment

DLO
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becomes much more significant when high acceleration factors are used ddrring
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