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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS - INSTRUMENTATION, CONTROL AND
ELECTRICAL POWER SYSTEMS - REQUIREMENTS FOR STATIC
UNINTERRUPTIBLE DC AND AC POWER SUPPLY SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ccmpriing
all national electrotechnical committees (IEC National Committees). The object of IEC is to p..mc =
international co-operation on all questions concerning standardization in the electrical and electronic .’elds To
this end and in addition to other activities, IEC publishes International Standards, Technice' Sj =cific ~tions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referr. 1 tc 25 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commit. e interested
in the subject dealt with may participate in this preparatory work. International, gove-nmenta: and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC c)llaborates closely
with the International Organization for Standardization (ISO) in accordance with conai>''s determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as near* as ~o.sible, an international
consensus of opinion on the relevant subjects since each technical comn.*ee | as representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationc! us= and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to e. s =~ 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 “om nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natichal «nd regional publications. Any divergence
between any IEC Publication and the corresponding natio‘ial 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 certificatior. bac’es.

All users should ensure that they have the Iate.* ¢ dition of this publication.

No liability shall attach to IEC or its'dire 't~rs, employees, servants or agents including individual experts and
members of its technical committees ad .7 National Committees for any personal injury, property damage or
other damage of any nature whats. eve  whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the pullicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Mor. atiy e references cited in this publication. Use of the referenced publications is
indispensable for the corr. =t appiication of this publication.

Attention is drawn tc the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shc'l no be held responsible for identifying any or all such patent rights.

International Stan~dard 12C 61225 has been prepared by subcommittee 45A: Instrumentation,
control and e.>ctrical power systems of nuclear facilities, of IEC technical committee 45:
Nuclear insti:mentation.

Thiz e edition cancels and replaces the second edition published in 2005. This edition

[§

ns.tute; a technical revision.

Tr.is edition includes the following significant technical changes with respect to the previous
adition:

a)

b)

the principal objective of this edition is to address the requirements on the static
uninterruptible power supplies in nuclear power plants;

in addition to Instrumentation and Control (I&C) power supplies include all static
uninterruptible power supplies;


https://www.stdhive.com/standards/iec-61225-ed-30-b2019-pdf/

IEC 61225:2019 © IEC 2019 -5-

c) emphasize that the static uninterruptible power supplies shall protect the connected
equipment (loads) from transients on the on-site AC distribution system (the immunity
concept);

d) in accordance with the defence-in-depth concept, this standard applies to static
uninterruptible power supplies for all equipment, not only for equipment important to
safety, with a graded approach to verification and validation;

e) addition of the requirement that, when batteries are connected in parallel under abnormal
operating conditions, they shall be properly protected with isolation devices to avoid any
failure that may impair more than one division of the uninterruptible power supply.

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

FDIS Report on voting
45A/1235/FDIS 45A/1250/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 Directi.=s, lart 2.

The committee has decided that the contents of this document will re n2.n unchanged until the
stability date indicated on the IEC website under "http://wekstol e.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' 'oa) 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

Technical background, main issues and organization of the standard

The 1993 issue of IEC 61225 was developed for specifying the requirements relevant to
the design of electrical supplies for I&C systems in nuclear power plants. Considering the
experience gathered worldwide on this subject, in 2003 working group A2 recommended a
revision to this standard so that a new revision, IEC 61225 Ed. 2 (2005), could be
consistently integrated into the SC 45A standard series. In 2015, working group A11
recommended a revision to this standard following the publication of the revision of |IAEA
SSG-34 and that the scope of the standard should cover static uninterruptible power
supplies for all types of connected equipment.

International operating experience with electrical supply systems in nuclear power piants
has highlighted a number of supply voltage variations and malfunctions, such as:

— voltage perturbations due to disturbances on the internal AC distribution syster (with
origin off-site or on-site);

— voltage overshoot on loss of grid;
— open phase conditions (one or two phases);
— asymmetrical faults.

These types of perturbations can degrade the performance of s*a.~ u..nterruptible power
supplies and ultimately result in failure of connected equipment.

One of the objectives of the uninterruptible power sugnli¢s is to protect the connected
equipment from voltage variations on the on-site AC di.t icction system (the immunity
concept). The power supplies shall also guarantee an cutput voltage with specified
magnitude and waveform (in case of AC) to connacted Jhads. The power supplies shall
have the capacity to supply the relevant loads auring a specified time regardless of any
voltage variations on the on-site AC distributior sysiom.

Examples of voltage and frequency variations .~ ‘ne incoming feeder to the supplies can
be found in informative Annex A. Examples of specifications for static uninterruptible
power supplies can be found in informative Aiinex B.

This standard is applicable to the decign of static uninterruptible electrical power supplies
in new nuclear power plants, whter design work is initiated after the publication of this
standard. It also serves as a«rei ‘rerice for upgrading and modernizing existing nuclear
power plants.

Situation of the current sta.>:'ard in the structure of the SC 45A standard series

IEC 61225 is a secnn.' le/el document specifically addressing the particular topic of
requirements for elec‘rical supplies.

For more detai’: o1 the structure of the SC 45A standard series, see item d) of this
introduction.

Recomms<nactions and limitations regarding the application of this standard

This staxda.d is to be applied in conjunction with IEC 61513, IEC 60709, IEC 60880,
IEC 62136, IEC 62855 and IEC 63046 (to be published).

De-ciption of the structure of the IEC SC 45A standard series and relationships
viith cther IEC documents and other bodies documents (IAEA, ISO)

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
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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 topics, 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 standaids ond
in the relevant documents of the IAEA nuclear security series (NSS). In particula. thic
includes the IAEA requirements SSR-2/1, establishing safety requirements relatea to «ne
design of nuclear power plants (NPPs), the IAEA safety guide SSG-30 dec'ng with the
safety classification of structures, systems and components in NPPs, the |- EA 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 xaw>r systems for
NPPs and the implementing guide NSS17 for computer security at nu-lear facilities. The
safety and security terminology and definitions used by SC 45A sta>da Jds dare consistent
with those used by the IAEA.

IEC 61513 and IEC 63046 have adopted a presentation format s.iiar to the basic safety
publication IEC 61508 with an overall life-cycle fraicework and a system life-cycle
framework. Regarding nuclear safety, IEC 61513 and IEC  su«6 provide the interpretation
of the general requirements of IEC 61508-1, IEC (1508-2 and IEC 61508-4, for the
nuclear application sector. In this framework. IET ¢72350, IEC 62138 and |EC 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 nd IAZA GS-G-3.1 and IAEA GS-G-3.5 for
topics related to quality assurance (QA). At lev>l 7, 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 o. tha generic security standards, in particular
ISO/IEC 27001 and ISO/IEC 27002; it ad-ots them and completes them to fit the nuclear
context and coordinates with the 'EC 32443 series. At level 2, IEC 60964 is the entry
document for the IEC/SC 45A zrntrol rooms standards and IEC 62342 is the entry
document for the ageing manag=mconic standards.

NOTE 1 It is assumed that fo..th. design of I&C systems in NPPs that implement conventional safety
functions (e.g. to address -wo.'ter safety, asset protection, chemical hazards, process energy hazards)
international or national stan '=.ds would be applied.

NOTE 2 IEC/SC 45A don.»in was extended in 2013 to cover electrical systems. In 2014 and 2015 discussions
were held in IEC/S 45, to decide how and where general requirements for the design of electrical systems
were to be considerc 1. I".C/SC 45A experts recommended that an independent standard be developed at the
same level as IEC 615 '3 to establish general requirements for electrical systems. Project IEC 63046 is now
launched to_c.ov.r this objective. When IEC 63046 is published, this NOTE 2 of the introduction of IEC/SC 45A
standards wi.' be suppressed.
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NUCLEAR POWER PLANTS - INSTRUMENTATION, CONTROL AND
ELECTRICAL POWER SYSTEMS - REQUIREMENTS FOR STATIC
UNINTERRUPTIBLE DC AND AC POWER SUPPLY SYSTEMS

1 Scope

This document specifies the performance and the functional characteristics of the low voltage
static uninterruptible power supply (SUPS) systems in a nuclear power plant anc. for
applicable parts, in general for nuclear facilities. An uninterruptible power supply is an
electrical equipment which draws electrical energy from a source, stores it and main:aains
supply in a specified form by means inside the equipment to output terminals. A static
uninterruptible power supply (SUPS) has no rotating parts to perform its functions

The specific design requirements for the components of the power supply syst>m are covered
by IEC standards and standards listed in the normative references and are ui" >rwise outside
the scope of this document.

2 Normative references

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

IEC 60038, IEC standard voltages

IEC 60146-1-1, Semiconductor converte.o..-. General requirements and line commutated
converters — Part 1-1: Specification of bacic requirements

IEC 60146-2, Semiconductor convurte.c — Part 2: Self-commutated semiconductor converters
including direct d.c. converters

IEC 60364-4-41, Low vnltoye ‘electrical installations — Part 4.41: Protection for safety —
Protection against eleci, ¢ shuck

IEC 60709, Nuclear nowver plants — Instrumentation, control and electrical power systems
important to sef~ty — Scnaration

IEC/IEEE 60L780-323, Nuclear power plants — Electrical equipment important to safety —
Qualification

'E.C 088U, Nuclear power plants — Instrumentation and control systems important to safety —
Scftware aspects for computer-based systems performing category A functions

IEC 60980, Recommended practices for seismic qualification of electrical equipment of the
safety system for nuclear generating stations

IEC 61000 (all parts), Electromagnetic compatibility (EMC)

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic
safety-related systems
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