IEC TR 63468

Edition 1.0 2023-05

TECHNICAL
REPORT

colour
inside

Nuclear facilities — Instrumentation and control, and electrical power systems —
Artificial Intelligence applications

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 27.120.20; ICS 35.020 ISBN 978-2-8322-6901-5

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

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 63468:2023 © IEC 2023

CONTENTS

O T T 1 I PP 4
LN I 2 1 1 L O 1 PN 6
1 ST e o] o 1Y OO PRPRN 8
2 NOIMAtIVE FEIEIENCES .. e e 8
3 Terms and definitioNs ... 8
4 Abbreviated termMS .. 13
5 Al overview from a nuclear persSpective ..o 14
5.1 Brief history Of Al oo 14
5.2 Major CONCEPLS OF Al .. 15
5.2.1 Al defiNiTioN .. 15
5.2.2 Levels of intelligence and autonomy ... 16
5.2.3 Data processing and specifications..........cooviiiiiiiiii 18
5.2.4 Symbolic and sub-symbolic approaches..........coooiiiiiiiiiii 19

5.3 Specific fields of Al applications ... 27
5.3.1 Data MNMING .o 27
5.3.2 Natural language ProCeSSING ...ccuuiiuiii e 27
5.3.3 (0701001 o101 (=T AV A T-1 o o F PP 28

54 Challenges of Al applications in nuclear facilities ..., 28
5.4.1 GBNEIAL ..t 28
5.4.2 TrUSTWOITRINESS ..o 28
5.4.3 Al verification and validation ... 29

6  Some potential nuclear Al applications ........ooouiiii i 29
6.1 LT a1 = PP 29
6.2 VUL SO S OIS i et 29
6.3 INtEllIgent CONIOL ... e e 30
6.4 AQEING MaNAgEMENT L. o e 30
6.5 Preventive MaintenanCe ... ... 30
6.6 ANOMaAlY deteCHION ... 31
6.7 Operational decCisSion SUPPOIt... ..o e 31
6.8 CY DI S CUIIY e 31
6.9 Human factor @NgiNEering ... ...oviuiiiiiii e 32

7  Proposed structure for SC 45A Al standards.........oouiiiiiiii i 32
7.1 LT a1 = PP 32
7.2 Key criteria for structure design ... 32
7.21 TeChNICAl COVEIAQE. .. et ens 32
7.2.2 Hierarchical [EVEIS ... 33
7.2.3 Entry point dOCUMENES ..o 33
7.2.4 Reference to other standards..........c.cooiiiiii 33

7.3 Structure of Al standard SErieS... ..o 33
Near-term development Priorities . ..o 34
Organizational challenges and recommendation ............cccooiiiiiiiiiiiii i 35

9.1 Cross-cutting characteristics of nuclear Al standards ..., 35
9.2 Organizational ChalleNges .........oinii i 36
9.3 ReCOMMENAAtiONS ... s 36
9.3.1 GBNEIAL .. 36

9.3.2 Title and scope of the proposed new working group...........coooiviiiiiiiiinennn. 37



IEC TR 63468:2023 © IEC 2023 -3-

9.3.3 Liaison with external organizations .............cooiiiiiiii i 37
Annex A (informative) Al applications beyond the SC 45A scope .....ccooeniiiiiiiiiiiiiiiie. 38
A.1 LT a1 = PP 38
A.2 Nuclear research and development ... ... 38
A.2.1 L A= YT PR 38
A.2.2 Material property prediction ... 38
A.2.3 Thermal-fluid phenomena ... ... e 38

A.3 Nuclear reactor system deSigN ..o 39
A.3.1 L N V= 39
A.3.2 Steam exploSion aNalySiS .....oouiiniiiiiii 39
A.3.3 Thermal fatigue analysSis .......ccuiiiiii 39
A3.4 DNBR PrediCtion .. ... 39
A.3.5 Fuel assembly deSign ... 40

A.4 Nuclear project CONSTrUCTION . ... ... oo 40
A.4.1 L 7= YT PR 40
A.4.2 Monitoring concrete quality ... 40
A.4.3 Non-destructive teSting .......ccoveiiii i 40

A.5 Plant operation and maintenanCe ..........cooiniiiiii i 41
A.5.1 L N V= 41
A.5.2 Accident identification ... ..o 41
A.5.3 Transient identification ... 41
A.5.4 Fuel management ... ..o 42
A.5.5 Component INSPECTION ... e 42
A.5.6 Water chemistry management...... ..o 42
A.5.7 Reactor uprate SUPPOIt ... 42
A.5.8 Physical proteCtion ... 43
A.5.9 Probabilistic risk @assesSSmMeNnts ..o 43
BB O G AP Y . e 44
Figure 1 — Brief history Of Al ... e 15
Figure 2 — Functional view of a nuclear Al system ... 16
Figure 3 — Major approaches t0 Al ... 20
Figure 4 — Machine learning pipeline (WOrkflowW).........cc.iiuiiiiiii i, 23
Figure 5 — Major approaches to machine learning ..........cooiiiiiiii i 24
Figure 6 — Proposed structure for SC 45A Al standards ..........ccocoiiiiiiiiiiii e 34

Table 1 — Example of autonomy levels for nuclear facilities (Referring to the

categorization scheme of autonomy levels from SAE) ........coooiiiiiiiiiiii e 18
Table 2 — Working groups of IEC SC 45 A . ... e 35
Table 3 — Cross-cutting between nuclear Al applications and SC 45A working groups .......... 35

Table 4 — Cross-cutting between general Al topics and SC 45A working groups.................... 36



1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC TR 63468:2023 © IEC 2023

INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR FACILITIES - INSTRUMENTATION AND CONTROL, AND
ELECTRICAL POWER SYSTEMS - ARTIFICIAL INTELLIGENCE
APPLICATIONS

FOREWORD

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

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC 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
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for 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 its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees 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 Publication or any other IEC
Publications.

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

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TR 63468 has been prepared by subcommittee 45A: Instrumentation, control and electrical
power systems of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation. It
is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

45A/1458/DTR 45A/1472/RVDTR

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

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents 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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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.
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INTRODUCTION

Technical background, main issues and organization of the technical report

Artificial intelligence(Al) is transforming many fields including nuclear industry drastically. It
has been explored and deployed for many years in the nuclear industry and recent advances
in Al have enabled many more potentials. Wide adoption of Al calls for standardization
efforts to minimize the risks and optimize the efficiency in developing and deploying Al
applications. Due to its nature as an enabling technology, the topic of Al applications will
cross-cut with almost all working groups within SC 45A, which entails discussions on the
setting up of a new working group to dedicate to this new technical field.

This technical report overviews Al technologies from a nuclear perspective, and summaries
potential Al application scenarios in nuclear facilities. Based on these inputs, a three-tiered
structure for nuclear Al standards within the framework of SC 45A is proposed, and
development priorities are discussed. This document then moves on from technical
discussions to the organizational challenges in SC 45A. It analyses the cross-cutting nature
of Al applications in nuclear facilities and makes the recommendation the setting-up a new
working group, whose title and scope are also proposed. Possibility of SC 45A liaison with
other technical subcommittees is explored and recommendation is given accordingly.

Situation of the current technical report in the structure of the IEC SC 45A standard
series

The technical report IEC TR 63468 is a fourth level IEC SC 45A document. This document
overviews the fundamentals of artificial intelligence (Al) and its potential applications in
nuclear facilities to foster better understanding and adoption of Al technologies within such
facilities. It also proposes a structure for future SC 45A standard series on nuclear Al
applications.

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

Recommendations and limitations regarding the application of this technical report

This document is the first of its kind within SC 45A, intended to pave the road for extensive
and systematic efforts in the standard development activities with regard to Al applications.
It helps stakeholders to understand the main benefits and challenges of Al from a nuclear
perspective. More documents are expected to follow in this direction in the coming years.

It is important to note that a technical report is entirely informative in nature, and it
establishes no requirements.

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 (1&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 61513 and IEC 63046 are to be considered in conjunction and at the same level.
IEC 61513 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.

IEC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for general
requirements for specific topics, such as categorization of functions and classification of
systems, qualification, separation, defence against common cause failure, control room
design, electromagnetic compatibility, human factors engineering, cybersecurity, software
and hardware aspects for programmable digital systems, coordination of safety and security
requirements and management of ageing. The standards referenced directly at this second
level should be considered together with IEC 61513 and IEC 63046 as a consistent
document set.
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At a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are standards related to specific requirements for specific equipment, technical methods, or
activities. Usually these documents, which make reference to second-level documents for
general 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.

The IEC SC 45A standards series consistently implements and details the safety and
security principles and basic aspects provided in the relevant IAEA safety standards and in
the relevant documents of the IAEA nuclear security series (NSS). In particular this includes
the IAEA requirements SSR-2/1 , establishing safety requirements related to the design of
nuclear power plants (NPPs), the IAEA safety guide SSG-30 dealing with the safety
classification of structures, systems and components 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 electrical power systems for NPPs, the IAEA safety
guide SSG-51 dealing with human factors engineering in the design of NPPs and the
implementing guide NSS42-G for computer security at nuclear facilities. The safety and
security terminology and definitions used by the SC 45A standards are consistent with those
used by the IAEA.

IEC 61513 and IEC 63046 have adopted a presentation format similar to the basic safety
publication IEC 61508 with an overall life-cycle framework and a system life-cycle
framework. 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, IEC 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).

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,
IEC 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 It is assumed that for the design of 1&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.

NOTE 2 IEC TR 64000 provides a more comprehensive description of the overall structure of the IEC SC 45A
standards series and of its relationship with other standards bodies and standards.
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NUCLEAR FACILITIES — INSTRUMENTATION AND CONTROL, AND
ELECTRICAL POWER SYSTEMS - ARTIFICIAL INTELLIGENCE
APPLICATIONS

1 Scope

This document overviews the fundamentals of artificial intelligence (Al) as it could potentially
be applied within nuclear facilities and identifies proven or potential applications, with the
objective to foster better understanding and adoption of Al technologies within such facilities.
With the objective of supporting future standard development work of IEC SC 45A in this
technical area, this document takes the initiative to propose a structure for SC 45A standard
series on nuclear Al applications, and recommends setting up a new dedicated working group
to be responsible for and coordinate standard development efforts in this particular area, taking
into account its cross-cutting nature.

As some technical aspects of Al are still evolving, and the regulatory framework from nuclear
regulators is not yet established, this document focuses on Al applications in nuclear facilities
that are non-safety related. However, this approach does not necessarily exclude the
applicability of Al technologies in safety applications in nuclear facilities where the technology
itself and the related regulatory framework support such potentials.

2 Normative references

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

IEC 61513, Nuclear power plants — Instrumentation and control important to safety - General
requirements for systems

IEC 63046, Nuclear power plants — Electrical power system — General requirements

IEC TR 63400, Nuclear facilities — Instrumentation, control and electrical power systems
important to safety — Structure of the IEC SC45A standards series

ISO/IEC 22989:2022, Information technology — Artificial intelligence — Artificial intelligence
concepts and terminology

ISO/IEC 23053, Framework for Artificial Intelligence (Al) Systems Using Machine Learning (ML)

ISO/IEC TR 29119-11, Software and systems engineering — Software testing — Part 11:
Guidelines on the testing of Al-based systems
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