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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
GENERAL REQUIREMENTS FOR SYSTEMS

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 jthe 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 cannpot be held responsible, fon 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 possiblecin itheironational 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.

International Standard IEC 61513 has been prepared by subcommittee 45A: Instrumentation
and control of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation.

This second edition cancels and replaces the first edition, published in 2001, and constitutes
a technical revision.

The main technical changes with regard to the previous edition are as follows:

to align the standard with the new revisions of IAEA NS-R-1 and NS-G-1.3, to review the
existing requirements and to update the terminology and definitions;

to take account of, as far as possible, requirements associated with standards published
since the first edition, especially IEC 60880, IEC 61226, IEC 62138, IEC 62340 and
IEC 60987;

to take into account the fact that software engineering techniques have advanced
significantly in the intervening years;
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» to integrate requirements for staff training.

The text of this standard is based on the following documents:

FDIS Report on voting
45A/838/FDIS 45A/848/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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INTRODUCTION
a) Technical background, main issues and organisation of the standard

This International Standard sets out requirements applicable to instrumentation and control
systems and equipment (I&C systems) that are used to perform functions important to safety
in nuclear power plants (NPPs).

This standard highlights the relations between

* the safety objectives of the NPP and the requirements for the overall architecture of the
1&C systems important to safety;

* the overall architecture of the I&C systems and the requirements of the individual systems
important to safety.

It is intended that the standard be used by designers, operators of NPPs (utilities), systems
evaluators and by licensors.

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

IEC 61513 is the first level IEC SC 45A document tackling the issue of general requirements
for systems. It is the entry point of the IEC SC 45A standard series.

For more details on the (structure /of (the IECISC 45A Istandard [serie’s, see item d) of this
introduction.

c) 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 document of the IEC SC 45A standard series is IEC 61513. It provides general
requirements for I&C systems and equipment that are used to perform functions important to
safety in NPPs. IEC 61513 structures the IEC SC 45A standard series.

IEC 61513 refers directly to other IEC SC 45A standards for general topics related to
categorisation of functions and classification of systems, qualification, separation of systems,
defence against common cause failure, software aspects of computer-based systems,
hardware aspects of computer-based systems, and control room design. The standards
referenced directly at this second level should be considered together with IEC 61513 as a
consistent document set.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 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 45A standard series, corresponds to technical reports
which are not normative.
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IEC 61513 has adopted a presentation format similar to the basic safety publication
IEC 61508, with an overall safety life-cycle framework and a system life-cycle framework.
Regarding nuclear safety, it provides the interpretation of the general requirements of
IEC 61508-1 [1]1, IEC 61508-2 and IEC 61508-4, for the nuclear application sector. In this
framework, |EC 60880 and IEC 62138 correspond to IEC 61508-3 [2] for the nuclear
application sector.

IEC 61513 refers to ISO as well as to IAEA GS-R-3 and IAEA GS-G-3.1 for topics related to
quality assurance (QA).

The IEC SC 45A standards series consistently implements and details the principles and
basic safety aspects provided in the IAEA code on the safety of NPPs and in the IAEA safety
series, in particular the requirements document NS-R-1, establishing safety requirements
related to the design of nuclear power plants, and the safety guide NS-G-1.3 dealing with
instrumentation and control systems important to safety in nuclear power plants. The
terminology and definitions used by SC 45A standards are consistent with those used by the
IAEA.

NOTE 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, protection from chemical hazards and process energy hazards),
international or national standards would be applied, that are based on the requirements of such a standard as the
IEC 61508 series.

1 References in square brackets refer to the bibliography.
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NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
GENERAL REQUIREMENTS FOR SYSTEMS

1 Scope

1.1 General

I&C systems important to safety may be implemented using conventional hard-wired equip-
ment, computer-based (CB) equipment or by using a combination of both types of equipment
(see Note 1). This International Standard provides requirements and recommendations (see
Note 2) for the overall I&C architecture which may contain either or both technologies.

This standard highlights also the need for complete and precise requirements, derived from
the plant safety goals, as a pre-requisite for generating the comprehensive requirements for
the overall I&C architecture, and hence for the individual I&C systems important to safety.

This standard introduces the concept of a safety life cycle for the overall 1&C architecture, and
a safety life cycle for the individual systems. By this, it highlights the relations between the
safety objectives of the NPP and the requirements for the overall architecture of the I1&C
systems important to safety; and|the relations/ between the/'overall 1&C architecture and the
requirements of the individual systems important to safety.

The life cycles illustrated in, and followed by, this standard are not the only ones possible;
other life cycles may be followed, provided that the objectives stated in this standard are
satisfied.

NOTE 1 1&C systems may also use electronic modules based on complex electronic components such as ASICs
or FPGA. Depending on the scope and functionality of these components, they may be treated according to the
guidance for conventional electronic equipment, or similar to CB equipment. A significant part of the guidance for
CB equipment is also applicable to the design of equipment with complex electronic components, including e.g. the
concepts of re-using pre-existing designs, and the evaluation of design errors in software or complex hardware
designs.

NOTE 2 In the following, “requirement” is used as a comprehensive term for both requirements and
recommendations. The distinction appears at the level of the specific provisions where requirements are expressed
by “shall” and recommendations by “should”.

1.2 Application: new and pre-existing plants

This standard applies to the I&C of new nuclear power plants as well as to |I&C up-grading or
back-fitting of existing plants.

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

1.3 Framework
The standard comprises four normative clauses (an overview is provided in Figure 1):

e Clause 5 addresses the overall architecture of the I&C systems important to safety:

— defining requirements for the I&C functions, and associated systems and equipment
derived from the safety analysis of the NPP, the categorisation of I&C functions, and
the plant lay-out and operational context;

— structuring the overall 1&C architecture, dividing it into a number of systems and
assigning the I&C functions to systems. Design criteria are identified, including those
to give defence in depth and to minimize the potential for common cause failure (CCF);
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— planning the overall architecture of the I&C systems.

Clause 6 addresses the requirements for the individual 1&C systems important to safety,
particularly the requirements for computer-based systems. This includes differentiation of
requirements according to the safety category of the I&C functions which are
implemented,;

Clauses 7 and 8 address the overall integration, commissioning, operation and
maintenance of the |I&C systems.

NOTE Figure 1 outlines the structure of the standard. It does not necessarily present the timely order of activities
which may be in reality partially executed in parallel, or include iterations.

Additionally, the standard provides informative annexes:

Annex A highlights the relations between IAEA and basic safety concepts that are used
throughout this standard;

Annex B provides information on the categorisation/classification principles;
Annex C gives examples of I&C sensitivity to CCF;

Annex D provides guidance to support comparison of this standard with parts 1, 2 and 4 of
IEC 61508. This annex surveys the main requirements of IEC 61508 to verify that the
issues relevant to safety are adequately addressed, considers the use of common terms
and explains the reason for adopting different or complementary techniques or terms;

Annex E indicates modifications to be made in future revisions of daughter standards of
IEC 61513 to make them consistent and to minimize overlapping contents.
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5 Overall safety lifecycle: Requirements specification for the overall 1&C

5.2 Deriving the I&C requirements from the 5.3 Requirements on output documentation
plant safety design base

5.2.2 Functional, performance and Overall requirements specification for the 1&C
independence requirements systems important to safety

5.2.3 Categorisation requirements
5.2.4 Plant constraints

5 Overall safety lifecycle: Design and planning of the overall 1&C architecture and assignment of the 1&C functions
to the individual 1&C systems

5.4 Requirements on the 5.5 Requirements on the 5.6 Requirements on the
objectives overall planning documentation

5.4.2 Design of the 1&C 5.5.2 O QA programs 5.6.2 Architectural design
architecture 5.5.3 O security plan 5.6.3 Functional assignment

5.4.3 Assignment of the 5.5.4 O integration and

functions to the
individual systems

5.4.4 Required analysis

commissioning plan
5.5.5 O operation plan

5.5.6 O maintenance plan

6 System safety lifecycle: Realisation and planning of the“individual 1&C systems

6.2 Requirements on the 6.3 Requirements on 6.4 Requirements on
objectives of the thesystem planning output documentation
system life-cycle
phases

6.2.2 Requirements 6.3,2 S quality plan 6.4.2 Requirements

specification specification
6.2.3 Equipment selection & 6.3.4 S integration plan 6.4.3 Specification

t ificati i i
624 DSYtS ﬁmdsdpe?' 'CZ'On 6.3.5 S validation plan 6.4.4 Detailed design
.2.4 Detailed design ;
implementati%n 6.3.6 S installation plan 6.4.5 Integration
6.4.6 Validation

6.2.5 Integration L
6.2.6 Validation 6.3.8 S maintenance plan 6.4.7 Modification

6.3.3 S security plan

6.3.7 S operation plan

6.2.7 Installation
6.2.8 Modifications

6.5 Qualification

6.5.2,6.5.4 6.5.3, 6.5.5 6.5.6
Requirements on system S Qualification plan Requirements on
qualification qualification documents

7 Overall integration and commissioning

7.2 Requirements on the objectives | | 7.3 Requirements on output documentation

8 Overall operation and maintenance

8.2 Requirements on the objectives | | 8.3 Requirements on output documentation

Key QA: Quality Assurance; O: Overall; S: System IEC 1895/11

Figure 1 — Overall framework of this standard
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2 Normative references

The following referenced documents are indispensable for the application 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 60671, Nuclear power plants — Instrumentation and control systems important to safety —
Surveillance testing

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

IEC 60780, Nuclear power plants — Electrical equipment of the safety system — Qualification

IEC 60880:2006, Nuclear power plants — Instrumentation and control systems important to
safety — Software aspects for computer-based systems performing category A functions

IEC 60964:2009, Nuclear power plants — Control rooms — Design

IEC 60965, Nuclear power plants — Control rooms — Supplementary control points for reactor
shutdown without access to the main control room

IEC 60980, Recommended,practices for,seismicqualification of eleetrical equipment of the
safety system for nuclear 'generating stations

IEC 60987:2007, Nuclear power plants — Instrumentation and control important to safety —
Hardware design requirements for computer-based systems

IEC 61000-4-1, Electromagnetic compatibility (EMC) — Part 4-1: Testing and measurement
techniques — Overview of IEC 61000-4 series

IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61226:2009, Nuclear power plants — Instrumentation and control systems important to
safety — Classification of instrumentation and control functions

IEC 61500, Nuclear power plants — Instrumentation and control important to safety — Data
communication in systems performing category A functions

IEC 61508-2:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 2: Requirements for electrical/electronic/programmable electronic
safety-related systems
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IEC 61508-4:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 4: Definitions and abbreviations

IEC 62138:2004, Nuclear power plants — Instrumentation and control important for safety —
Software aspects for computer-based systems performing category B or C functions

IEC 62340, Nuclear power plants — Instrumentation and control systems important to safety —
Requirements for coping with common cause failure (CCF)

ISO 9001:2008, Quality management systems — Requirements
IAEA INSAG-10:1996, Defence in Depth in Nuclear Safety
IAEA NS-R-1:2000, Safety of Nuclear Power Plants: Design

IAEA GS-R-3:2006, The Management System for Facilities and Activities Safety -
Requirements

IAEA GS-G-3.1:2006, Application of the Management System for Facilities and Activities —
Safety Guide

IAEA NS-G-1.3:2002, Instrumentation and Control Systems Important to Safety in Nuclear
Power Plants

IAEA 75-INSAG-3 Rev. 1 — INSAG¢1.2:1999, Basic Safety Principles for Nuclear Power Plants

3 Terms and definitions
For the purposes of this document,‘the‘following-terms-and definitions apply.

3.1

application function

function of an 1&C system that performs a task related to the process being controlled rather
than to the functioning of the system itself

NOTE 1 See also “I&C function”, “I&C system”, “application software”.

NOTE 2 An application function is normally a subfunction of an I&C function.

3.2

application software

part of the software of an I&C system that implements the application functions
NOTE 1 See also “application function”, “application software library”, “system software”.
NOTE 2 Application software contrasts with system software.

NOTE 3 See also Figure 2.

NOTE 4 In the context of complex electronic components, the term “application logic” may be inferred instead of
“application software” where appropriate throughout this standard.

3.3
application software library
collection of software modules implementing typical application functions

NOTE 1 When using pre-existing equipment, such a library is considered to be part of the system software and
qualified as such.
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