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European foreword

The text of document 45A/1348/FDIS, future edition 1 of IEC 63046, prepared by SC 45A
"Instrumentation, control and electrical power systems of nuclear facilities" of IEC/TC 45 "Nuclear
instrumentation” was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN IEC 63046:2021.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2022-02-17
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2024-05-17
document have to be withdrawn

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

As stated in the nuclear safety directive 2009/71/EURATOM, Chapter 1, Article 2, item 2, Member
States are not prevented from taking more stringent safety measures in the subject-matter covered by
the Directive, in compliance with Community law.

In a similar manner, this European standard does not prevent Member States from taking more
stringent nuclear safety and/or security measures in the subject-matter covered by this standard.

Endorsement notice

The text of the International Standard IEC 63046:2020 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards
indicated:

IEC 60364-5-52 NOTE Harmonized as HD 60364-5-52
IEC 60880 NOTE Harmonized as EN 60880

IEC 61508-1 NOTE Harmonized as EN 61508-1

IEC 61508-2 NOTE Harmonized as EN 61508-2

IEC 61508-3 NOTE Harmonized as EN 61508-3

IEC 61508-4 NOTE Harmonized as EN 61508-4

IEC 62003 NOTE Harmonized as EN IEC 62003

IEC 62040-3 NOTE Harmonized as EN 62040-3

IEC 62138 NOTE Harmonized as EN IEC 62138

IEC 62271-200 NOTE Harmonized as EN 62271-200
IEC 62305-1 NOTE Harmonized as EN 62305-1

IEC 62305-3 NOTE Harmonized as EN 62305-3

IEC 62305-4 NOTE Harmonized as EN 62305-4

IEC 62340 NOTE Harmonized as EN 62340

IEC 62566 NOTE Harmonized as EN 62566

IEC 62645 NOTE Harmonized as EN IEC 62645
ISO/IEC 27001 NOTE Harmonized as EN ISO/IEC 27001
ISO/IEC 27002 NOTE Harmonized as EN ISO/IEC 27002
ISO 9000 NOTE Harmonized as EN 1SO 9000
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the relevant

EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:

www.cenelec.eu.

Publication
IEC 60038 (mod)
IEC 60671

IEC 60709

IEC 60964

IEC 61225

IEC 61226

IEC 61513

IEC 62671

IEC 62808

IEC 62855

Year
2009

2018

2018

2011

2016
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Title EN/HD Year
IEC standard voltages EN 60038 2011
Nuclear power plants - Instrumentation andEN 60671 -
control systems important to safety -

Surveillance testing

Nuclear power plants - Instrumentation,EN IEC 60709 2019
control and electrical power systems

important to safety - Separation

Nuclear power plants - Control rooms -EN IEC 60964 2019
Design

+EN IEC
60964:2019/AC:201
9-08

Nuclear power plants - Instrumentation,EN IEC 61225 -
control and electrical power systems -

Requirements for static uninterruptible DC

and AC power supply systems

Nuclear power plants - Instrumentation andEN 61226 -
control important to safety - Classification

of instrumentation and control functions

Nuclear power plants - Instrumentation andEN 61513 2013
control important to safety - General

requirements for systems

Nuclear power plants - Instrumentation and- -
control important to safety - Selection and

use of industrial digital devices of limited

functionality

Nuclear power plants - Instrumentation andEN 62808 -
control systems important to safety -

Design and qualification of isolation

devices

Nuclear power plants - Electrical powerprEN IEC 62855 2021
systems - Electrical power systems

analysis
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Publication Year Title EN/HD Year
IEC 62859 - Nuclear power plants - Instrumentation andEN 62859 -
control systems - Requirements for
coordinating safety and cybersecurity
ISO 9001 Quality management systems -EN ISO 9001 2015
Requirements
IEC/IEEE  60780-- Nuclear facilities - Electrical equipmentEN 60780-323 -
323 important to safety - Qualification
IEC/IEEE  60980-- Nuclear facilities - Equipment important toEN IEC/IEEE-
344 safety - Seismic qualification 60980-344
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS -
ELECTRICAL POWER SYSTEM -
GENERAL REQUIREMENTS

FOREWORD

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

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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.

International Standard IEC 63046 has been prepared by subcommittee 45A: Instrumentation,
control and electrical power systems of nuclear facilities, of IEC technical committee 45:
Nuclear instrumentation.

The text of this International Standard is based on the following documents:

FDIS Report on voting
45A/1348/FDIS 45A/1355/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://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 publication 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

a) Technical background, main issues, and organisation of the Standard

The purpose of this standard is to provide the high level specification and requirement to
implement a suitable Electrical Power System in a Nuclear Power Plant (NPP).

The electric power system in NPPs supports reactor systems important to safety. It also
allows electric energy production providing the transmission grid with active and reactive
power and electro-mechanical inertia.

The designers, operators of NPPs (utilities), equipment suppliers, systems evaluators and
licensors, may use this document.

b) Situation of the current Standard in the structure of the IEC SC 45A standard series

The entry point of the IEC SC 45A standard series should be summary report introducing the
two first level standards for I&C (IEC 61513) and the Electrical Power System (IEC 63046).

This document is the first level IEC SC 45A document tackling the issue of general
requirements for Electrical Power System and sub-systems.

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

¢) Recommendations and limitations regarding the application of this Standard

It is important to note that this Standard establishes no additional functional requirements for
safety systems.

To ensure that the Standard will continue to be relevant in future years, the emphasis has
been placed on issues of principle, rather than specific technologies.

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 top-level documents of the IEC SC 45A standard series are IEC 61513 and IEC 63046.
IEC 61513 provides general requirements for I&C systems and equipment that are used to
perform functions important to safety in 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 systems for nuclear power plants.

IEC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for general topics
related to categorization of functions and classification of systems, qualification, separation,
defence against common cause failure, control room design, electromagnetic compatibility,
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.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are standards related to specific equipment, technical methods, or specific activities. Usually
these documents, which make reference to second-level documents for general topigs, can be

used on their own. ocuments
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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 and the implementing guide
NSS17 for computer security at nuclear facilities. The safety and security terminology and
definitions used by 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 as well as to IAEA GS-R 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 and
IEC 62342 is the entry document for the ageing management standards.

NOTE 1 It is assumed that for the design of I&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/SC 45A domain was extended in 2013 to cover electrical systems. In 2014 and 2015 discussions
were held in IEC/SC 45A to decide how and where general requirements for the design of electrical systems were
to be considered. IEC/SC 45A experts recommended that an independent standard be developed at the same level
as IEC 61513 to establish general requirements for electrical systems. Project IEC 63046 was launched to cover
this objective. As IEC 63046 is published, from now on this Note 2 of the introduction of IEC/SC 45A standards will
not be included in the newly published standards.
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NUCLEAR POWER PLANTS -
ELECTRICAL POWER SYSTEM -
GENERAL REQUIREMENTS

1 Scope

1.1 General
This document:

e provides requirements and recommendations for the overall Electrical Power System. In
particular, it covers interruptible and uninterruptible Electrical Power Systems including
the systems supplying the 1&C systems;

e is consistent and coherent with IEC 61513. Like IEC 61513, this document also highlights
the need for complete and precise requirements, derived from the plant safety goals.
Those requirements are prerequisites for generating the comprehensive requirements for
the overall Electrical Power System architecture, and for the electrical power supply sub-
systems;

e has to be considered in conjunction with and at the same level as IEC 61513. These two
standards provide a complete framework establishing general requirements for
instrumentation, control, and Electrical Power System for Nuclear Power Plants.

This document establishes:

e the high level specification and requirement to implement a suitable Electrical Power
System in a NPP that supports reactor systems important to safety. It also enables
electrical energy production providing the transmission grid with active and reactive power
and electro-mechanical inertia;

e the relationships between:

— the plant safety requirements and the architecture of the overall Electrical Power
System and its sub-systems (see Figure 1) including:

a) the contribution to the plant Defence in Depth;
b) the independency and redundancy provisions;

— the electrical requirements and the architecture of the Electrical Power System and its
sub-systems;

— the functional requirements and the architecture of the Electrical Power System and its
sub-systems;

— the requirements associated with the maintenance strategy and the architecture of the
Electrical Power System and its sub-systems;

o the design of Electrical power sub-systems (e.g. interruptible and uninterruptible);
o the requirements for supporting systems of Electrical Power System (HVAC, 1&C, etc.);

e the Electrical Power System life-cycle framework.
This document does not cover the specification of:

e |&C systems;

e the transmission lines connecting to substations outside the NPP;

e electrical equipment requirements already defined in the industrial IEC standards;

o electrical power for security systems (e.g., fences, surveillance systems, entrance
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lighting and socket facility.

This document does not consider power production requirements.
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Figure 1 — Scope of work of this document

NOTE Figure 1 is based on IAEA SSG34:2016, Figure 3, with adaptation regarding the scope.
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This figure provides only an example. Various possible arrangements of buses, loads, generators and
interconnections would meet the requirements of SSR-2/1. Furthermore, many elements of the plant system, such
as buses that are not important to safety and direct current power systems, are not shown. This figure is intended
only to represent the relationship between the elements of the plant power systems that are within the safety
classification and the preferred power supply. The elements of the preferred power supply that are not within the
bounds of the important to safety power supply are outside the scope of the plant safety classification. The system
elements included in the important to safety power supplies will differ according to plant design and the
classification methods applied in different States. The classification methods are held by IEC 61226. Some plant
designs may not require safety standby power sources. All nuclear power plants are expected to have safety direct
current power supplies.

1.2 Application: new and pre-existing plants

This document is applicable to the Electrical Power System of new nuclear power plants and
upgrading or back fitting of existing plants.

For existing plants, only a subset of requirements may be applicable and this subset should
be identified at the beginning of any project.

1.3 Framework
This document consists of six normative clauses (an overview is provided in Figure 2):

— Clause 6 addresses the identification of requirements;

— Clause 7 addresses the design of the electrical architecture;

— Clause 8 addresses the sub-system requirements;

— Clause 9 addresses the verification;

— Clause 10 addresses the overall integration and commissioning;

— Clause 11 addresses the overall operation and maintenance.
1.4 Interaction with level 2 standards

This document shall permit an electrical designer to establish the list of requirements
applicable for the design.

It also provides the different provisions applicable for the different requirements.

These provisions will be applied to the different type of power networks (sub-system):

e interruptible AC power network;

e uninterruptible power network.

Moreover, other transverse level 2 standards will define requirements applicable to electrical
architecture definition.

The nuclear standards linked with the safety provisions (such as safety classification,
separation, qualification or surveillance testing, etc.) are considered as input data for this
document.
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6 Architecture of Electrical Power System: Identification of requirements
6.2 Safety requirements 6.3 Electrical requirements
6.2.1 Defence in Depth 6.3.1 Requirements coordinated with
the electric grid operator
6.2.2 Application of Single Failure 6.3.2 Electrical disturbances
Criterion
6.2.3 Management of the Common Cause
Failure
6.2.4 Loss Of Off-site Power conditions 6.4 Functional, performance
requirements
6.2.5 Station Black Out conditions
6.2.6 Loss of Electrical power conditions [6.5 Maintenance requirements
6.2.7 Application of internal and external
Hazards
6.2.8 Nuclear security requirements
6.2.9 Classification requirements
6.2.10 Probabilistic requirements
7 Overall Architecture of Electrical Power System and structured approach: Design of the electrical architecture
7.2 Safety design provision 7.3 Electrical design provision 7.6 Multi-unit shared
electrical power systems
7.2.1 Defence in Depth in the Electrical 7.3.2 Coordination with the grid
Power System
7.2.2 SF in the Electrical Power System 7.3.3 Design to achieve electrical 7.7 Electrical system
requirements layout
7.2.3 CCF in the Electrical Power System
7.2.4 Provisions for coping with LOOP 7.4 Functional and performance 7.8 Supporting and
design provisions associated systems for the
EPS
7.2.5 Provisions for coping with SBO 7.4.2 Electrical Power System studies
7.2.6 Provisions to avoid or reduce Loss 7.4.3 Design of the Interruptible Power 7.9 Overall quality
of Electrical Power Supply System assurance programs
7.2.7 Classification consideration 7.4.4 Design of the Uninterruptible
Power Supply System
7.2.7.2 Qualification 7.10 Requirements for
output documentation
7.2.7.3 Surveillance Testing 7.5 Maintenance
7.2.8 Provisions to achieve the reliability 7.5.1 Consideration of the maintenance
target for the Electrical Power System in the electrical design
8 Sub-System requirements
8.1 Electrical Power System basis 8.4 AC Interruptible Electrical Power 8.6 Coordination and
requirements Supply System interaction with the grid
8.2 Equipment design specification 8.5 AC/DC Uninterruptible Power 8.7 Earthing
Supply System
[8.3  Equipment requirements |
9 Verification of the architecture of the Electrical Power System
9.2 Computerised tools and models 9.3 Test requirements
verification
10 Overall integration and commissioning
[10.2  Requirements | [10.3  Output documentation
11 Overall operation and maintenance
[11.2  Requirements | [11.3  Output documentation
12 System quality assurance plan
12.2  System verification plan 12.3 System configuration 12.4  Fault resolution
management plan procedures

Figure 2 — Architecture of Electrical Power System
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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 60038:2009, IEC standard voltages

IEC 60671, Nuclear power plants — Instrumentation and control systems important to safety —
Surveillance testing

IEC 60709:2018, Nuclear power plants — Instrumentation, control and electrical power
systems important to safety — Separation

IEC/IEEE 60780-323, Nuclear facilities — Electrical equipment important safety — Qualification
IEC 60964:2018, Nuclear power plants — Control rooms — Design

IEC/IEEE 60980-344, Nuclear facilities — Equipment important to safety — Seismic
qualification

IEC 61225, Nuclear power plants — Instrumentation, control and electrical power systems —
Requirements for static uninterruptible DC and AC power supply systems

IEC 61226:2020, Nuclear power plants — Instrumentation, control and electrical power
systems important to safety — Categorization of functions and classification of systems

IEC 61513:2011, Nuclear power plants — Instrumentation and control important to safety —
General requirements for systems

IEC 62671, Nuclear power plants — Instrumentation and control important to safety —
Selection and use of industrial digital devices of limited functionality

IEC 62808, Nuclear power plants — Instrumentation and control systems important to safety —
Design and qualification of isolation devices

IEC 62855:2016, Nuclear power plants — Electrical power systems — Electrical power systems
analysis

IEC 62859, Nuclear power plants — Instrumentation and control systems — Requirements for
coordinating safety and cybersecurity

IEC 63272, Nuclear facilities — Electrical power systems — AC interruptible power supply
systems

ISO 9001:2015, Quality management systems — Requirements

IAEA Safety Guide GS-G-3.1:2006, Application of the management System for facilities and
activities

IAEA GS-R, Part 2:2016, Leadership and Management for Safety

IAEA Safety Guide SSG-34:2016, Design of electrical power systems in Nuclear Power Plants
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

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

NOTE The current terms have been defined based on IAEA and IEC definitions. Some have been slightly modified
or adapted to the electrical scope.

3.1

alternate power supply

power source reserved for the use for the power supply to the plant during total loss of all
non-battery power in the safety power systems (station blackout) and other design extension
conditions

[SOURCE: IAEA SSG-34:2016]

3.2 anticipated operational occurrences

deviation of an operational process from normal operation that is expected to occur at least
once during the operating lifetime of a facility but which, in view of appropriate design
provisions, does not cause any significant damage to items important to safety or lead to
accident conditions

Note 1 to entry: Examples of anticipated operational occurrences are loss of normal electrical power and faults
such as a turbine trip, malfunction of individual items of a normally running plant, failure to function of individual
items of control equipment, and loss of power to the main coolant pump.

Note 2 to entry: Some States and organizations use the term abnormal operation (for contrast with normal
operation) for this concept.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.3

cable route

physical pathway through the plant along which multiple cables can be laid, such as through a
room or duct in the plant building, or a metal duct, tray, or tube, or a duct below or gantry over
roads

[SOURCE: IEC 60709:2018, 3.3]

3.4

common cause failure

CCF

failure of two or more structures, systems or components due to a single specific event or
cause

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.5
component
one of the parts that make up a system

Note 1 to entry: A component may be a hardware component (e.g. transistors, integrated circuits, motors, relays,
solenoids, pipes, fittings, pumps, tanks and valves) or a software component (e.g. modules, routines, programmes,

software functions). D
ocuments
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[SOURCE: IAEA Safety Glossary, 2018 edition]

3.6

defence-in-depth

hierarchical deployment of different levels of diverse equipment and procedures to prevent the
escalation of anticipated operational occurrences and to maintain the effectiveness of
physical barriers placed between a radiation source or radioactive material and workers,
members of the public or the environment, in operational states and, for some barriers, in
accident conditions

Note 1 to entry: Five levels of defence in depth are discussed in IAEA SSR-2/1:2016:

a) The purpose of the first level of defence is to prevent deviations from normal operation and the failure of
items important to safety.

b)  The purpose of the second level of defence is to detect and control deviations from normal operation in order
to prevent anticipated operational occurrences from escalating to accident conditions.

c) The purpose of the third level of defence is to prevent damage to the reactor core and releases of radioactive
material requiring off-site protective actions and to return the plant to a safe state by means of inherent
and/or engineered safety features, safety systems and procedures.

d) The purpose of the fourth level of defence is to prevent the progress of, and to mitigate the consequences of,
accidents that result from failure of the third level of defence by preventing accident sequences that lead to
large radioactive releases or early radioactive releases from occurring.

e) The purpose of the fifth and final level of defence is to mitigate radiological consequences of a large release
or an early release of radioactive material that could potentially result from an accident.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.7

design basis accident

postulated accident leading to accident conditions for which a facility is designed in
accordance with established design criteria and conservative methodology, and for which
releases of radioactive material are kept within acceptable limits

Note 1 to entry: Design basis condition refer to design basis accident

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.8

design extension conditions

postulated accident conditions that are not considered for design basis accidents, but that are
considered in the design process of the facility in accordance with best estimate methodology,
and for which releases of radioactive material are kept within acceptable limits. Design
extension conditions include conditions in events without significant fuel degradation and
conditions with core melting

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.9

diversity

presence of two or more independent (redundant) systems or components to perform an
identified function, where the different systems or components have different attributes so as
to reduce the possibility of common cause failure, including common mode failure

Note 1 to entry: Examples of such attributes are: different operating conditions, different working principles or
different design teams (which provide functional diversity), and different sizes of equipment, different
manufacturers, and types of equipment (which provide diversity of equipment) that use different physical methods
(which provide physical diversity).

Note 2 to entry: Functional diversity. Application of diversity at the level of functions in applications in methods

(which provide physical diversity). process engineering (e.g. for the actuation of a trip on both a pressure limit and
a temperature limit).

[SOURCE: IAEA Safety Glossary, 2018 edition] Documents
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3.10

division

collection of items, including their interconnections, that form one redundancy of a redundant
system or safety group. Divisions may include multiple channels

Note 1 to entry: In the context of this document, “division” includes a given system or set of components that
enables the establishment and maintenance of physical, electrical, and functional independence from other
redundant sets of components.

[SOURCE: IAEA SSG-39, 2016]

3.11

electrical isolation

electrical isolation is used to prevent electrical failures in one system from affecting
connected systems. Electrical isolation controls or prevents adverse interactions between
equipment and components caused by factors such as electromagnetic interference,
electrostatic pickup, short circuits, open circuits, earthing, or application of the maximum
credible voltage (AC or DC)

[SOURCE: IAEA SSG-34:2016 and SSG-39: 2016]

3.12

Electrical Power System

EPS

system performing electrical power generation, transmission and distribution; performing
supply functions to operate plant equipment (pumps, valves, heaters, etc.) and to 1&C
systems

Note 1 to entry: The Electrical Power System is composed by several electrical power sub-systems.

Note 2 to entry: An electrical system can integrate E/E/PE items to perform its internal electrical control and
protection.

3.13

electrical power sub-system

two main sub-systems are defined (each of them covering the different level of Defence in
Depth):

e interruptible power supply system;

e uninterruptible power supply system.

each sub-system covers the following levels:

e power supply system not important to safety;

e power supply system important to safety:
— safety power supply system supporting DBC;
— power supply system supporting DEC.

3.14

Electrical Power System life cycle

necessary activities involved in the implementation of an Electrical Power System occurring
during a period of time that starts at a concept phase with the system requirements
specification and finishes when the Electrical Power System is no longer available for use

3.15

electrical source transfer

transfer from an initial electrical power source to an alternative supply source (automatically
or manually) when the initial electrical power source does not provide the performance
required by the Electrical Power System
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Note 1 to entry: A bus transfer or the transfer to standby AC power source are electrical source transfers.

3.16
equipment
assembly of components designed and manufactured to perform specific functions

Note 1 to entry: Sensors, cables, electrically operated valves, I&C cabinet or racks are examples of equipment.

[SOURCE: IEEE Standards Dictionary Online]

3.17

frontline system

system composed of mechanical equipment (pumps, valves, heaters, etc.) that directly acts
on the plant process to perform a function

3.18
house load operation
operation of a nuclear power plant to supply power only to its own electrical loads

[SOURCE: IEC 62855:2016, 3.2]

3.19

human factors engineering

engineering in which factors that could influence human performance and that could affect
safety are understood and are taken into account, especially in the design and operation of
facilities

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.20

I&C system

system, based on electrical and/or electronic and/or programmable electronic technology,
performing I&C functions as well as service and monitoring functions related to the operation
of the system itself

Note 1 to entry: The term is used as a general term that encompasses all elements of the system such as internal
power supplies, sensors, and other input devices, data highways and other communication paths, interfaces to
actuators and other output devices (see Note 2). The different functions within a system may use dedicated or
shared resources.

Note 2 to entry: The elements included in a specific I&C system are defined in the specification of the boundaries
of the system.

Note 3 to entry: According to their typical functionality, IAEA distinguishes between automation / control systems,
HMI systems, interlock systems and protection systems (see Clause B.4).

[SOURCE: IEC 61513:2011, 3.29]

3.21

independence

condition that exists when successful completion of a system’s required functions is not
dependent upon any behaviour including failures and normal operation of another system, or
upon any signals, data, or information derived from the other system

Note 1 to entry: The following definition is to be found in the IAEA Safety Glossary edition 2016 for “independent
equipment”: “Equipment that possesses both the following characteristics: a) The ability to perform its required
function is unaffected by the operation or failure of other equipment; b) The ability to perform its required function
is unaffected by the occurrence of the effects resulting from the initiating event for which it is required to
function..”. This IAEA definition is limited to equipment but is consistent with the definition given in this document.

Note 2 to entry: For the Electrical Power System, independence can be required between divisions or between

different level of Defence in Depth (LoDiD). Documents
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[SOURCE: IEC 60709:2018, 3.13]

3.22

interruptible power supply system

power supply of loads for which a defined power supply interruption time does not impair the
mission of the safety objective

3.23

item important to safety

item that is part of a safety group and/or whose malfunction or failure could lead to radiation
exposure of the site personnel or members of the public

Note 1 to entry: Items important to safety include:

a) those structures, systems and components whose malfunction or failure could lead to undue radiation exposure
of the site personnel or members of the public.

b) those structures, systems and components that prevent anticipated operational occurrences from leading to
accident conditions.

c) Safety features (for design extension conditions).

d) those features which are provided to mitigate the consequences of malfunction or failure of structures, systems
or components.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.24

loss of electrical power

plant condition corresponding to a Station Black-Out Condition and also the loss of alternate
AC power supplies

Note 1 to entry: DC power supplies and uninterruptible AC power supplies may be available as long as batteries
can supply the loads.

3.25

loss of off-site power

simultaneous loss of electrical power to all unit safety buses, requiring the standby AC power
sources to start and supply power to the safety buses

Note 1 to entry: DC systems and uninterruptible AC systems safety buses are not included.

[SOURCE: IEC 62855:2016, 3.4]

3.26

mission time

operational period required for electrical loads or sources after the initiation of accidental
conditions during which equipment shall be capable of operating within the limits of its
acceptability criteria for the specified operating conditions

3.27

nuclear security

the prevention and detection of, and response to, criminal or intentional unauthorized acts
involving nuclear material, other radioactive material, associated facilities or associated
activities or the prevention and detection of, and response to, theft, sabotage, unauthorized
access, illegal transfer or other malicious acts involving nuclear material, other radioactive
material or their associated facilities

[SOURCE: IAEA Safety Glossary, 2018 edition]
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3.28
performance

effectiveness with which an intended function is carried out (e;g; time response, accuracy,

sensitivity to parameter changes)
[SOURCE: IEC 61226:2020, 3.16]

3.29
plant equipment

Plant equipment

|
| |

Items important to safety? Items not important to safety®

Safety related items?® Safety systems Safety features (for design
| extension conditions)

Protection Safety actuation Safety system
system system support features

2 |n this context, an 'item' is a structure, system or component.
IEC

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.30
plant states

Operational states Accident conditions

Pl
<

v
'z
v

Design extension

conditions
Anticipated
Normal operation operational Design basis
occurences accidents
Without
significant With core
fuel melting
degradation

IEC

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.31
power balance
steady state active and reactive power required by the Electrical Power System

3.32
preferred power supply.
power supply from the transmission system to the safety classified electrical power system
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Note 1 to entry: Some portions of the preferred power supply are not part of the safety classification.

Note 2 to entry: In the standard context, the transmission system is out of scope. The limits of PPS are the
switchyard that connects the NPP to the grid.

[SOURCE: IAEA SSG 34, 2016]

3.33

probabilistic safety assessment

PSA

comprehensive, structured approach to identifying failure scenarios, constituting a conceptual
and mathematical tool for deriving numerical estimates of risk

Note 1 to entry: Three levels of probabilistic safety assessment are generally recognized.
Level 1 comprises the assessment of failures leading to determination of the frequency of core damage.

Level 2 includes the assessment of containment response, leading, together with Level 1 results, to the
determination of frequencies of failure of the containment and release to the environment of a given
percentage of the reactor core’s inventory of radionuclides.

Level 3  includes the assessment of off-site consequences, leading, together with the results of Level 2 analysis,
to estimates of public risks.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.34
quality
degree to which a set of inherent characteristics of an object fulfils requirements

[SOURCE: ISO 9000:2015, 3.6.2]

3.35

quality assurance

part of quality management focused on providing confidence that quality requirements will be
fulfilled

[SOURCE: ISO 9000:2015, 3.3.6]

3.36
quality management
management with regard to quality

[SOURCE: ISO 9000:2015, 3.3.4]

3.37

redundancy

provision of alternative (identical or diverse) structures, systems and components, so that any
single structure, system or component can perform the required function regardless of the
state of operation or failure of any other

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.38

restoration time

maximum time required by an electrical equipment belonging to a system to be re-supplied by
an electrical power source

3.39
robustness of the Electrical Power System
ability of the Electrical Power System to perform its safety missions withstanding failures and

Jor electrical disturbances Documents
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3.40

safety assessment

assessment of all aspects of facilities and activities that are relevant to protection and safety;
for an authorized facility, this includes siting, design and operation of the facility

analysis to predict the performance of an overall system and its impact, where the
performance measure is the radiological impact or some other global measure of the impact
on safety

the systematic process that is carried out throughout the design process (and throughout the
lifetime of the facility or the activity) to ensure that all the relevant safety requirements are
met by the proposed (or actual) design

Note 1 to entry: In the context of the design of the Electrical Power System, it is an analysis which provide for all
type of conditions, the loads required.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.41
safety case
collection of arguments and evidence in support of the safety of a facility or activity

Note 1 to entry: This will normally include the findings of a safety assessment and a statement of confidence in
these findings.

Note 2 to entry: For a disposal facility, the safety case may relate to a given stage of development. In such cases,
the safety case should acknowledge the existence of any unresolved issues and should provide guidance for work
to resolve these issues in future development stages.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.42

safety classification

for nuclear power plants, the assignment to a limited number of safety classes of systems and
components and other items of equipment on the basis of their functions and their safety
significance

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.43

safety group

assembly of equipment designated to perform all actions required for a particular initiating
event to ensure that the limits specified in the design basis for anticipated operational
occurrences and design basis accidents are not exceeded

Note 1 to entry: The IEEE 308-2001 note clarifies: A safety group may include one or more divisions. In a design
where each division can accomplish a safety function, each division is a safety group. However, a design
consisting of three 50 % capacity systems separated into three divisions would have three safety groups; any two
out of three divisions are required to be operating to accomplish the safety function.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.44
safety related system
system important to safety that is not part of a safety system

[SOURCE: IAEA Safety Glossary, 2018 edition]
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3.45

safety system

system important to safety, provided to ensure the safe shutdown of the reactor or residual
heat removal from the reactor core, or to limit the consequences of anticipated operational
occurrences and design basis accidents

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.46

single failure

failure which results in the loss of capability of a single system or component to perform its
intended safety function(s), and any consequential failure(s) which result from it

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.47

single failure criterion

criterion (or requirement) applied to a system such that it must be capable of performing its
task in the presence of any single failure

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.48

standby AC power source

power source, capable of supplying the necessary power in anticipated operational
occurrences and accident conditions, in the event of the loss of off-site power and main
generator

3.49

station blackout

plant condition with complete loss of all AC power from off-site sources, from the main
generator and from safety classified standby AC power sources to the essential and
nonessential switchgear buses

[SOURCE: IAEA SSG-34:2016]

3.50

system disturbance

electrical disturbance

unplanned sudden change in electric power system operating condition that causes
widespread power quality problems or interruptions

Note 1 to entry: In this document the term “electrical disturbance” is used.

Note 2 to entry: A system disturbance can be initiated by a fault in the transmission system, a trip of a generation
unit, loss of load, or any combination thereof. System disturbance can lead to abnormal ranges of frequency or
voltage, loss of power system stability or cascading outages of power transmission circuits and as well widespread
interruption of customer load.

Note 3 to entry: The electrical disturbances can also generate electromagnetic disturbances that may affect the
Electrical power systems.

[SOURCE: IEC 60050-692:2017,692-1-10]
3.51
transmission system operator

party responsible for providing and operating networks for long distance transmission of
electricity as well as regional distribution and responsible to ensure the system security with a
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3.52

uninterruptible power supply system
power supply for loads required to ensure functional availability during the unavailability of the
interruptible power supply

Note 1 to entry:

power supply system.

Note 2 to entry:

monitoring systems.

4 Abbreviated terms

Specific loads requiring high voltage stability can also be supplied power by the uninterruptible

Typical loads of the uninterruptible power supply systems are: isolation valves, dampers, 1&C and

NOTE Elaborated based on IAEA and IEC and electrical power systems symbols and abbreviations and adapted
to the electrical scope.

AC
BIL
CCF
CDF
CM
DBA
DBC
DBE
DC
DEC
DiD
DSO
E/E/PES
EMI
EMIT
EPS
EQ
ETS
HMI
HV
HVAC
1&C
IAEA
INSAG
110
LEP
LoDiD
LOOP
LV
NPP
PIE
PPS
PSA

alternating current

basic insulation level

common cause failure

core damage frequency
configuration management

design basis accident

design basis conditions

design basis event

direct current

design extension conditions
defense in depth

distribution system operator
electrical/electronic/programmable electronic system
electromagnetic interference
examination maintenance in-service inspection and surveillance testing
Electrical Power System
environmental qualification
equipment technical specification
human machine interface

high voltage

heating ventilation and air conditioning system
instrumentation and control
International Atomic Energy Agency
International Nuclear Safety Group
input/output

loss of electrical power

level of defence in depth

loss of offsite power

low voltage

nuclear power plant

postulated initiating events
preferred power supply

probabilistic safety assessment

Full document details: BS EN IEC 63046:2021
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QA quality assurance

SBO station black out

SF single failure

SFC single failure criterion

SSC structure, system and component
SLD single line diagram

SSG specific safety guide

SSR specific safety requirement

TSO transmission system operator
UPS uninterruptible power supply

5 Overall Electrical Power System life cycle

The phases of a typical overall Electrical Power System life cycle include:

a) review of the requirement applicable to the Electrical Power System (see Clause 6):
o safety requirements applicable (see 6.2);
e electrical requirements (see 6.3);
e functional, performance requirements (see 6.4);
e maintenance requirements (see 6.5);
b) design of the electrical architecture (see Clause 7):
o safety design provisions (see 7.2);
e celectrical design provisions (see 7.3);
e functional and performance design provisions (see 7.4);
e maintenance provisions (see 7.5);
c) electrical sub-systems requirements (see Clause 8);
d) verification of the architecture of the Electrical Power System (see Clause 9);
e) overall integration and commissioning of the systems (see Clause 10);

f) overall operation and maintenance (see Clause 11).

The connections between this life cycle and the life cycles of the electrical sub-systems are
shown in simplified form in Figure 3.
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