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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS - ELECTRICAL POWER SYSTEMS -
COORDINATION AND INTERACTION WITH ELECTRIC GRID

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comnrising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna. onal
co-operation on all questions concerning standardization in the electrical and electronic fields. To this «nd «d
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technica' Re nrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s), Tneir
preparation is entrusted to technical committees; any IEC National Committee interested in the < Fjec: de:nt with
may participate in this preparatory work. International, governmental and non-governmental orgarii.ations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Orgcnization for
Standardization (ISO) in accordance with conditions determined by agreement between the t o organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as nossi.', an international
consensus of opinion on the relevant subjects since each technical committee has . >pres: ntation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use a: - are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure thc* tke technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in whicn they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Comm‘..ces (ndertake to apply IEC Publications
transparently to the maximum extent possible in their national aad re vionc | publications. Any divergence between
any IEC Publication and the corresponding national or regior al pchlica'iun shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Inde renuent 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, ~mp'oyees, servants or agents including individual experts and
members of its technical committees and IEC Nctic2 1l Committees for any personal injury, property damage or
other damage of any nature whatsoever +hethyr direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicatior 1-se of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative -efe.2nces cited in this publication. Use of the referenced publications is
indispensable for the correct appi.22tic n of this publication.

IEC draws attention to the | osuibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no po.itic * ccacerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the « ate ot publication of this document, IEC had not received notice of (a) patent(s), which
may be required to imp..me: * this document. However, implementers are cautioned that this may not represent
the latest informatic.  whi>h may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held respc 2civle for identifying any or all such patent rights.

IEC 632982 his buen prepared by subcommittee 45A: Instrumentation, control and electrical
power systems of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation. It
is an Infernaticnal Standard.

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

Draft Report on voting

45A/1529/FDIS 45A/1545/RVD

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 International Standard 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, or

e revised.
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INTRODUCTION

a) Technical background, main issues and organization of the standard

Nuclear power plants (NPPs) need an electric grid for the dual purpose of exporting produced
energy and for a reliable power source for start-up, operation, shutdown and emergency
conditions.

Owing to the electrical size of the NPP compared to the electrical size of the electric grid, it
may be a challenge to safely integrate the NPP into the electric grid.

Coordination between the electric grid and the NPP is becoming increasingly important ez mre
countries adopt a liberal energy market and responsibilities are held by multiple stakeho.ders
(e.g., production, transmission, distribution, and trading organizations).

The purpose of this document is to define the high-level requirements and recommni>ndations
for the coordination of NPPs and electric grids to ensure the appropriate intere ctions between
the two entities.

The specific features of the NPP and electric grid that are in scouc fo.this document are
described in Annex A.

The requirement for coordination between the electric grid ot ~r2ators and NPP operators is
described in WANO SOER 1999-1 which focusses on signincan.operating experience relating
to the loss of connection to the electric grid at NPPs \‘*his event being one of the major
contributors to NPP core damage frequency).

IAEA Nuclear Energy Series, NG-T-3.8, Electric SFric Reliability And Interface With Nuclear
Power Plants describes the characteristics of the electric grid that are required for the
connection and successful operation of an 'PP,.as well as the characteristics of an NPP that
are significant for the design and operation ot the electric grid.

This document focuses on technical r>fuirements, such as the data exchange between the NPP
operators and the electric grid .op=rawrs, the analyses carried out by both sides and the
acceptance criteria.

This document also defines *ne coordination requirements to ensure that operating instructions
for the electric grid anc the NPP are developed to provide a means of safe and reliable
operation.

This documen* also defines the requirements for the development of a framework for any
specific tests hat may be deemed necessary for the electric grid and the NPP, such as testing
of NPP regu'aticn capabilities and load rejection to house load operation tests.

inali tois document provides guidance on the need for continuous coordination between the
alec’ric gtid and NPP during the NPP's design life, on topics such as operation and
mointenaiice, design modifications and changes to grid conditions.

b) Situation of this document in the structure of the SC 45A standard series

This document is a second level document specifically addressing the topic of coordination
between the NPP and electric grid.

For more details on the structure of the SC 45A standard series, see item d) of this Introduction.
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c) Recommendations and limitations regarding the application of this document
This document is used in conjunction with IEC 61513, IEC 62855 and IEC 63046.

d) Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies' documents (IAEA, ISO)

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 plcats
(NPPs). IEC 63046 provides general requirements for electrical power systems of NF2s; 't
covers power supply systems including the supply systems of the I&C systems.

IEC 61513 and IEC 63046 are considered in conjunction and at the same level. IEC 51513 and
IEC 63046 structure the IEC SC 45A standard series and shape a comg'ete framework
establishing general requirements for instrumentation, control and electricai o~wer systems for
nuclear power plants.

IEC 61513 and IEC 63046 refer directly to other IEC SC 45’ s.andards for general
requirements for specific topics, such as categorization of functio.'s and classification of
systems, qualification, separation, defence against common vause failure, control room design,
electromagnetic compatibility, human factors engineering, cyoversecurity, software and
hardware aspects for programmable digital systems, coorcination of safety and security
requirements and management of ageing. The standards reic=<nced directly at this second level
should be considered together with IEC 61513 and IEC 65746 as a consistent document set.

At a third level, IEC SC 45A standards not directly :~ierenced by IEC 61513 or by IEC 63046
are standards related to specific requirements for specific equipment, technical methods, or
activities. Usually these documents, which man= reference to second-level documents for
general requirements, can be used on theii ov.n.

A fourth level extending the IEC S7. 4~ s’andard series, corresponds to the Technical Reports
which are not normative.

The IEC SC 45A standards szries consistently implements and details the safety and security
principles and basic asp«:cts provided in the relevant IAEA safety standards and in the relevant
documents of the IAEA »uclear security series (NSS). In particular this includes the IAEA
requirements SSR-2/1, ¢ stablishing safety requirements related to the design of nuclear power
plants (NPPs), the IAL ~'safety guide SSG-30 dealing with the safety classification of structures,
systems and cu.aponen.s in NPPs, the IAEA safety guide SSG-39 dealing with the design of
instrumenatic 2 and control systems for NPPs, the IAEA safety guide SSG-34 dealing with the
design of ele~trical power systems for NPPs, the IAEA safety guide SSG-51 dealing with human
factors *ngineering in the design of NPPs and the implementing guide NSS42-G for computer
securitv at nuclear facilities. The safety and security terminology and definitions used by the
SC *'5A s.andards are consistent with those used by the IAEA.

1-C 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).
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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, 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 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.

NOTE 2 IEC TR 63400 provides a more comprehensive description of the overall structure of the IEC €7 45A
standards series and of its relationship with other standards bodies and standards.
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NUCLEAR POWER PLANTS - ELECTRICAL POWER SYSTEMS -
COORDINATION AND INTERACTION WITH ELECTRIC GRID

1 Scope

1.1 General

The scope of this document is to provide high level requirements and recommendations far the
coordination of NPPs and the electric grid; see also item a) of the Introduction.

The specific design requirements for components and equipment are covered by nth=ar sy ecific
IEC standards outside the scope of this document.

1.2 Use of this document
This document is intended to be used:

e for the design of new NPPs (including small modular reactors (JVIR), where applicable);

o for considering the adequacy and impact of major modifications to the electric grid for
operating NPPs;

e for periodic design reviews of operating NPPs.
Pertinent parts of this document can be used as guidcnce for NPP operation and in general for

nuclear facilities.

2 Normative references

The following documents are referred to 11t e text in such a way that some or all of their content
constitutes requirements of this docu nent. For dated references, only the edition cited applies.
For undated references, the lai=st ~uition of the referenced document (including any
amendments) applies.

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

IEC 63046:2020, Nu-lee - power plants — Electrical power system — General requirements

3 Terms and definitions
For the yurposes of this document, the following terms and definitions apply.

icO and ‘EC maintain terminology databases for use in standardization at the following
ada.csses:

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

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