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FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co
ational electrotechnical committees (IEC National Committees). The object of(IEC is to
hational co-operation on all questions concerning standardization in the electrical @ndelectronic f|
end and in addition to other activities, IEC publishes International Standards,~Te€chnical Specif
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee ir]
e subject dealt with may participate in this preparatory work. Internatienal, governmental g
Frnmental organizations liaising with the IEC also participate in this préparation. IEC collaborate
the International Organization for Standardization (ISO) in accordance with conditions detern|
bment between the two organizations.

ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte
bnsus of opinion on the relevant subjects since each techigical committee has representation
ested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts areymade to ensure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC\National Committees undertake to apply IEC Pul
parently to the maximum extent possibleyin their national and regional publications. Any di
ben any IEC Publication and the correspanding national or regional publication shall be clearly ind
tter.

tself does not provide any attestation of conformity. Independent certification bodies provide cq
ssment services and, in some-areas, access to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies.

ers should ensure that they have the latest edition of this publication.

bbility shall attach to-lEC or its directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property dg
damage of any ‘nature whatsoever, whether direct or indirect, or for costs (including legal fq
hses arising out\of the publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the Normative references cited in this publication. Use of the referenced public
bensablefor the correct application of this publication.

tiafyis“drawn to the possibility that some of the elements of this IEC Publication may be the s

pate

mprising
promote
elds. To
ications,
as “IEC
terested
nd non-
closely
ined by

national
from all

National
t of IEC
for any

lications
ergence
cated in

nformity

for any

erts and
mage or
es) and
her IEC

ptions is

Libject of

t rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TR 63335 has been prepared by subcommittee 45A: Instrumentation, control and
electrical power systems of nuclear facilities, of IEC technical committee 45: Nuclear
instrumentation. It is a Technical Report.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
45A/1357/DTR 45A/1371/RVDTR

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

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 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/standardsdev/publications.

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.
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INTRODUCTION

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

Prior the April 2019 Paris meeting, the need to develop a TR to define which orientations
could be followed by IEC SC 45A to cover SMRs (Small Modular Reactors) was identified and
the decision to develop the TR was taken during the meeting.

A team of more than 30 IEC/SC 45A experts to the different SC 45A Working Groups was set
up to cover the multi-disciplinary aspects of the subject.

b) Siluation of the current Technical Report in the structure of the IEC, $C 45A
standard series

The teg¢hnical report IEC TR 63335 is a fourth level IEC SC 45A document.

This document draws roadmaps for the different SC 45A Workingy“Groups to |define
orientations to cover SMRs. It is worthwhile noting that some of these- orientations afe also
relevant for all NPPs.

For mgre details on the structure of the IEC SC 45A standard series, see item d) |of this
introduftion.

ommendations and limitations regarding the application of the Technical Report

portant to note that a technical report is_entirely informative in nature. It gathefs data

d) D¢gscription of the structure of the’/IEC SC 45A standard series and relatiopships

-level documents of the: I[EC SC 45A standard series are IEC 61513 and IEC [63046.
IEC 61p13 provides general requirements for I&C systems and equipment that are Jsed to
functions important to safety in NPPs. IEC 63046 provides general requiremgnts for
electriqal 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 conjlinction
and at|the same leyvel/IEC 61513 and IEC 63046 structure the IEC SC 45A standard| series
and shape a complete framework establishing general requirements for instrumentation,
controlland eleetrical systems for nuclear power plants.

IEC 61p13\ahd IEC 63046 refer directly to other IEC SC 45A standards for general| topics
related| to‘categorization of functions and classification of systems, qualification, sepgration,
defence against common cause failure, conftrol 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 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.
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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 franlework.

Regarding nuclear safety, IEC 61513 and IEC 63046 provide the interpretation of the ‘general
requirgments of IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear\appl|ication
sector.| In this framework |IEC 60880, IEC 62138 and IEC 62566 correspond<to.TEC 6[1508-3
for thg 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
assurapce (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
concegts 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 wjth the
IEC 62443 series. At level 2, IEC 60964 is the entry document for the IEC/SC 45A [control
rooms ptandards and IEC 62342 is the entry document for the) ageing management starjdards.

NOTE [t is assumed that for the design of 1&C systems in NPPs thatvimplement conventional safety functipns (e.g.
to address worker safety, asset protection, chemical hazards; \process energy hazards) international or|national
standards would be applied.
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NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL SYSTEMS,
CONTROL ROOMS AND ELECTRICAL POWER SYSTEMS -
SPECIFIC FEATURES OF SMALL MODULAR REACTORS
AND NEEDS REGARDING STANDARDS

1 Scope

This d

bcument identifies a number of issues of particular importance to light watel

Modulgr Reactors (SMRs), which are not currently adequately addressed by_existi
SC 45A standards, and that could be considered when revising existing publications
could he the object of new work item proposals. Whether each of these issues’will ind

addres

5ed, and if so in which publication, will be the decision of each SC 45A working ¢

Though there are a number of advanced Generation IV SMR projects\underway, their §

needs

are not covered by this document.

This dgcument is organized as follows:

e Cla
or
req
sta

e Cla
int
e Cla
exi

se 5 presents the main features of SMRs that are<not typically found in large r
hat are of particular importance for SMRs, and‘that could require specific or ad
uirements and recommendations over those already provided in IEC {
ndards.

use 6 suggests, for each working group;a number of issues that could be con
ne revision of existing publications or.as subjects for new work items.

use 7 suggests topics of importance to SMRs but that do not fit in the current s
5ting working groups.

2 Nagrmative references

The fo
conten
cited a

lowing documents_ate’ referred to in the text in such a way that some or all
constitutes requirements of this document. For dated references, only the
bplies. For undated references, the latest edition of the referenced document (in

any anjendments).applies.

IEC 61

613, Nuelear power plants — Instrumentation and control important to safety — (

requirgments for systems

ISO/IE
- Part

Small
ng IEC
or that
eed be
roup.

pecific

pactors
Hitional
5C 45A

sidered

ope of

pf their
edition
cluding

beneral

C15026-27201T, Systems and software engineering — Systems and software ass
2: Assurance case

ISO/IEC/IEEE 15288, Systems and software engineering — System life cycle processes

IAEA SSR-2/1, Safety of Nuclear Power Plants: Design

WENRA Report, Safety of New NPP Designs

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

urance
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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
3.1
Small Modular Reactor

SMR
small: reactor the electrical output of which is less than 300 MW.

Modular: design and construction approach based in a large part on the assembly of fully

operational modules bullt and pre-tesied In dedicated faciories
4 AbRhbreviated terms
AC Alternating Current
CORDEL Cooperation in Reactor Design Evaluation and Licensing
EMC ElectroMagnetic Compatibility
EMI ElectroMagnetic Interference
EQ Equipment Qualification
HMI Human Machine Interface
IAEA International Atomic Energy Agency
IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronic Engineers
1&C Instrumentation and Control
LEP Loss of Electrical Power
LOOH Loss Of Offsite Power
MCR Main Control Room
MDEHR Multinational Design Evaluation Programme
NEA NucleartEnergy Agency
NPP Nuclear Power Plant
NRC Nuclear Regulatory Commission
OECL Organisation for Economic Co-operation and Development
RF Radio Frequency
RFI Radio Frequency Interference
SBO StationBtackOut
SMR Small Modular reactors
TSO Transmission System Operator
VDU Visual Display Unit
V&V Verification and Validation
WENRA Western European Nuclear Regulators Association
WG Working Group

WNA World Nuclear Association


http://www.iso.org/obp
https://iecnorm.com/api/?name=dd8c9bb24836a45e42912b947b82910f

-10 - IEC TR 63335:2021 © IEC 2021

5 SMR specific features

5.1 General

The 2018 edition of IAEA report: Advances in Small Modular Reactor Technology
Developments identifies more than 50 ongoing SMR design projects worldwide. The target of
this document is those design projects that aim at power or industrial production, though
many of the features listed and many of the suggestions proposed are applicable, or could be
applied, to those with different aims (e.g., research). Also, as there is a wide variety of SMR
designs, this document aims to be generic by focussing on commonly found SMR features.

Two key objectives of production SMRs are:

e To pe at least as safe and secure as large nuclear reactors.

e To |be economically competitive with respect to large nuclear reactors, and- also tdq other,
non-nuclear sources of energy.

Concefning economic competitiveness, SMRs cannot rely on the scale effect likg¢ large
nucleaf reactors, and need to take advantage of different features sugh.as:

e Mogular design (whereby a significant part of a plant construction consists |[in the
transportation and assembly on site of fully operational medules built and pre-tested in
dedicated factories) in order to lower construction cests and shorten consfruction
durptions.

o Selfies effect (whereby multiple units are based on“a standardised design, possiljly with
minor adjustments to take account of site-specific constraints, and of country-gpecific
requirements in case of worldwide deployment)'to lower component costs and bluild-up
construction experience.

o Simplified design, whereby advantage is, taken of smaller size and lower power leyels for
simpler, more integrated and more passive designs. Simplified designs also tend fo have
poditive effects on the safety and security of NPPs.

5.2 Passive design features and systems

Many $MR designs include sa-called passive design features and passive systems whgre the
performance of particular, functions (in particular, safety functions) requires little| or no
external power and human-control. For example, a passive residual heat removal system does
not require the activity\of powered pumps, but relies solely on natural convection, ppssibly
after the opening of a‘few valves. Such features are not specific to SMRs, but their smpll size
and loy power leyéls facilitate their introduction.

As sugh features place less demand on non-passive support systems, they significantly
contribute to)design simplification and to cost reduction and hopefully reliability. Howeyer, the
extens|ve‘use of such design features/systems is relatively new in nuclear power plantg: there
is limited experience in operation, and thus few Ilessons Tlearned regarding design,
construction, maintenance in operating condition, surveillance and periodic testing.
Regulatory experience and international consensus on licensing approaches are also limited.

Also, the categorisation of functions important to safety could benefit from the incorporation of
passive safety features.
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5.3 Mutualised operation

As a production SMR generates much less power (with sometimes a factor of up to 10 or 20)
and thus much less revenue than a large nuclear reactor, economic competitiveness needs
not only to be addressed in design and construction, but also in operation. This sometimes
leads to the notion of mutualised operation, whereby multiple SMR units at the same site are
operated by a single team (including control room personnel, field operators and maintenance
staff), approximatively the size of the team for a large reactor, and from a single main control
room. This practice is commonly seen in non-nuclear plants (whether for power generation or
not), but in a nuclear context where safety is of primary importance, this raises a number of
issues such as:

° HO‘ rtao-daotarmina an adoaniata ctaffina far tha Aiffarant taame 1tnualbvad
vto—octermrreora e guate—ottart gToT—rre— o eTreTr Tt o v OV CCe

e Theg operation of multiple units from the same main control room, where the _handling of
outpge, incidental or accidental conditions in one or more units should nof\distlirb the
opdration of units in normal conditions.

e Theg role and number of supplementary control rooms. For large’ reactors, the
supplementary control room is essentially a backup to be used when the main [control
room is not available. In the case of mutualised operation, 4o_avoid disturbing the
opgration of units in normal conditions, one might consider using one o more
supgplementary control rooms for units in conditions requiricg the intervention of large
numbers of persons, with the need of communication and coordination betwegen the
different rooms.

e How to ensure that each operator action, whether fromi the control room or in the {ield, is
performed on the right unit.

5.4 Dptimised maintenance

Maintehance represents an important part of(the operation and personnel costs, and SMR
projects often look for ways to optimise .it, 'e.g., by using on-line monitoring to promote
conditipn-based maintenance, or off-site_gsmonitoring to assist local operators in proghostics
and dipgnostics. Longer operation cycles (as is the case for some SMRs) and reduced
inventgry of active components (valves, pumps, etc.) may also need to be consideredd when
addresping on-line and off-site monitoring.

5.5 lllutualised plant systems

Though there could be the occasional case of plants with a single SMR unit, many SMR
design|projects have (plans for multi-unit plants, where units are in a large part indepg¢ndent,
but where some plant'systems are shared by all or some units of the plant. This naturglly has
impacts on I&C<architectures, control rooms, control room systems, and electrical| power
systems.

5.6 1ntegrated designs

Several SMR projects are based on integrated primary circuit designs, where some or all
steam generators, pressurizer and control rods are integrated within the reactor vessel. This
may have many implications, in particular regarding:

e Hazards analysis and identification of postulated initiating events.

e Instrumentation and access to instrumentation.
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5.7 Modular construction

The letter “M” of SMR stands for Modular: the objective is that a significant percentage of a
plant construction is made by assembling modules that are themselves built and verified in
factory, and then transported to the construction site in sealed containers (of standard size
whenever possible). There is then a need to ensure the integrity of these containers and their
contents (absence of damage and absence of malicious tampering) during transportation, and
then to verify that integrity on site. What constitutes adequate on-site verification and
commissioning tests is a key issue.

Conversely, it could be argued that construction of more complete and larger modules in well-
controlled factory conditions could justify less on-site confirmatory testing as these modules
will nof have been disassembled before transporting to site.

5.8 Btaged construction

As indjvidual SMR units generate relatively low levels of power, a given plant may be
compoged of multiple units. If some of them are constructed while others are alrgady in
operation, one needs to ensure that construction or renovation works do‘rAot disturb operation
to the [point of causing safety or security issues. This is particularly true for mutpalised
equipnent and rooms, such as the main control room.

5.9 Consideration of emerging technologies

To kedp construction and operational costs to acceptable levels, SMR projects oftgn take
considgration of I&C industrial standards and technolggies that have emerged in recenft years
or of ¢lder technologies that have not been extensively used up to now in the fpuclear
industry. Examples include OPC-UA (OPC Unified Architecture), TSN (Time Sensitive
Network) remote Input / Outputs and field buses{which have accumulated significant vplumes
of exp{ience in operation in other industries), extensive use of multiplexed communitations

for NC or Class 3 I&C systems. They may also have benefits for dependability,
interoperability, maintainability on the long-term, safety or cyber-security.

5.10 Designing for an international market

Modifylng an existing nuclear (reactor design is often a lengthy, costly and uncertain pfocess.
When g$eeking a series effect in an international market as is the case for many SMR pirojects,
design|modifications to.meet unexpected country-specific requirements are to be minjimised
as far as reasonably pessible for the economic case for SMRs to be viable.

Though there haye been, and still are, several ongoing international regulatory harmorfisation
programmes (such as the work performed by the MDEP programme of OECD NEA, or|by the
CORDEL working group of WNA), full harmonisation of country specific requirements has yet
to be achieved, and may be still far away in the future:

e There still are significant differences between many IEC and IEEE standards. This is not
due to lack of will from these organisations, but to well established and different industrial
and regulatory practices and to the fact that each standards corpus is highly integrated
and difficult to modify piecewise.

e Some IEC standards are interpreted in very different ways in different countries: designs
referring to these standards that have been accepted in one country may be (or even,
have been) rejected in another.

e Some key subjects (e.g., levels of defence-in-depth in overall I&C architectures,
identification of postulated initiating events, or necessary trade-offs between conflicting
objectives such as the independence of levels of defence-in-depth and human factors) are
not addressed at a sufficiently practical level in IEC standards and thus fail to provide an
adequate and robust framework for internationally accepted solutions.
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Fortunately, even though standards unambiguity and regulatory harmonisation are highly
desirable, they are not an absolute necessity. Also, country’s positions regarding the
interpretation of international standards can evolve over time and the contents of standards
can be revised. Designers mainly need to have an early and clear understanding of the
differences in requirements, in possible interpretations, in acceptable solutions and in
licensing practices. When harmonisation and clarification cannot be achieved in international
standards, such information could be provided by technical reports. If there are not too many
variations, designers can strive to develop a design that would require only minor country-
specific or site-specific adjustments. Such a design would not necessarily be optimal for any
targeted country, but would be so for an international market. In this endeavour, designers
may rely on the smaller size, lower level of power and greater simplicity of SMRs.

5.11 Licensing in an international market

Licensing a new design, in particular an innovative one, in one country may require)sigpificant
amoungs of effort and time. When aiming at an international market, it is important to pe able
to streamline the licensing process and to reuse, as far as possible, licensingyeffort frgm one
country to another. To this end, best practices and guidance in the application of justification
frameworks (ISO/IEC15026-2:2011) for both licensees and licensors could be very bengficial.

5.12 New designs (versus evolutionary designs)

As opplosed to evolutionary designs, where limited changes aresmade with respect to designs
that have both licensing and operational experience, many SMR projects incofporate
innovafive design features, including but not limited to thase listed in the previous subc|auses.
While geveloping an evolutionary design may be donewusing roughly the same engifeering
and licensing approaches as previous designs (sometimes from many decades in thg past),
developing a new, innovative design could greatly.benefit from more recent and suppgosedly
more efficient systems engineering approaches such as model-based approache$, with
extens|ve use of simulation and analysis (including formal verification). These adyanced
approaches could enhance reactor efficiency, safety and the economics of constructign, and
also prpvide improved evidence for licensifig and enhanced models for operation.

5.13 Remote monitoring and support centres

Though there already are remote support centres for large reactors, they are intended|mainly
to provlide assistance in case of emergency situations. With the series effect, where th¢ same
SMR design is used forsmany units at different sites, some projects also consider femote
centreg for monitoring-and providing assistance in more normal and every day situations, e.g.,
regarding condition-based maintenance.
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6 Recommendations to existing working groups

6.1 WGAZ2: Sensors and measurement techniques

6.1.1 Current portfolio

Reference Title Publication Stability Revision
date date going on?
IEC 60515 Ed. 2.0 Radiation detectors — Characteristics and |2007 2021
test methods
IEC 60568 Ed. 2.0 In-core instrumentation for neutron 2006 2022

fluence rate (flux) measurements in power

FeaEto+sS

IEC 60737 Ed. 2.0 Temperature sensors (in-core and primary |2010 2023
coolant circuit) — Characteristics and test
methods

IEC 60744 Ed. 2.0 Safety logic assemblies used in systems |2018 2022

performing category A functions:
Characteristics and test methods

IEC 60772 Ed. 2.0 Electrical penetration assemblies in 2018 2024
containment structures for nuclear power
generating stations

IEC 60988 Ed. 2.0 Acoustic monitoring systems for detection | 2009 2023
of loose parts: characteristics, design
criteria and operational procedures

IEC 61424 Ed. 1.0 Response time in resistance temperature ,[993 2020 Revision
detectors (RTDs) — In situ measurements underwaly
Merging|with
IEC 62397
IEC 61468 Ed. 1.0 + In-core instrumentation — Characteristics 2000 2020 Revision
amendment 1.0 and test methods of self-powered neutron underway
detectors
IEC 61401 Ed. 1.0 Wide range neutron fluence rate meter — 1998 2020
Mean square voltage method
IEC 61402 Ed. 1.0 Vibration monitoring.of internal structures |1999 2024
IEC 62397 Ed. 1.0 Resistance temperature detectors 2007 2020 Revision
underway
Merging|with
61224
IEC 62451 Ed. 1.0 THermocouples: characteristics and test 2013 2024
methods
IEC 62487 Ed. 1.0 Pressure transmitters: Characteristics and [2018 2021
test methods
IEC 63186 Ed. MO Criteria for seismic trip system In develppment

6.1.2 Topics of interest

WGA2 could consider the opportunity of addressing the following issues in the revision of
existing publications, or in new publications:

e Whether the requirements and recommendations of current publications are also needed
by, and applicable to, smaller cores and lower powers (and thus lower levels of radiation
and flux).

e Impacts of integrated primary circuit designs: no external circuit: how to measure water
levels and flow rate.

e Impacts of factory manufacturing and transport at site (many parts of the reactor are
installed in factory and may be shocked during transportation).

e Impacts of limited space for implementation of sensors : needs for new sensors and
detectors.
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6.1.3 WGA2 roadmap

Small volume of the reactor containment and consequences on environmental accident
and post-accident conditions.

Metallic reactor containment instead of concrete reactor building : Specific penetrations
are needed .

Reactor electrical penetration assemblies for integrated devices inside reactor vessel like
control rod drive mechanism and reactor coolant pump.

Intensive use of mineral insulated cables may require specific considerations for splices,
terminations, moisture intrusion corrosion and environmental qualification.

Use of interconnections between containment and reactor electrical penetration
assemblies housed in flexible metal bellows with sealed back-shell connections for
submergence mwater ffoodedanmutus:

Long life sensors used in confined vessels subject to extreme environments.

Sensing technologies such as fibre optic sensors, ultrasonic flow meters; and wireless
sensors have been fully developed for industrial applications and may-play a [role in
nudlear power applications.

WGAZ2 [standards focus on instrumentation so the impact of SMR architecture needs to have
details|on specific instrumentation used. Thus, WGA2 proposés,on a first stage to launch a
technidal report that gathers the SMR needs in order to decide which standards are missing

or whidh other one shall be revised.

Topic Action

Technigal reports on specific SMR instrumentation
needs:

Insfrumentation in the reactor containment
(refuirements for accident conditions ,
majntainability)

Insfrumentation dedicated on SMR transportfrom
thel manufacture to the operational plant
(accelerometers to detect shocks durihg transport
and installation)

Insfrumentation dedicated to the.passive features
of the SMR (flow rate and water level inside the Technical reports
regctor vessel)

Ney instrumentation téchnologies (smaller size) or
usg of existing industrial technologies (for
exgmple: wirelessisensors)

Cabling:

. Reduction (example multiplexing) or mineral
insulated cables

. Lifetime (example mineral insulated cables)

Integration of existing industrial standards

Penetration assemblies SMR requirements IEC 60772-Amendment
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6.2 WGAS3: I&C systems: architecture and system specific aspects
6.2.1 Current portfolio
Reference Title Publication Stability | Revision going
date Date on ?
IEC 60880 Ed. 2.0 Software aspects_ for computer-baseq 2006 2021
systems performing category A functions
IEC 60987 Ed. 2.0 + |Hardware design requirements for Revision
2007 2020
Amendment 1 computer-based systems underway
IEC 61500 Ed. 2.0 Data cqmmunication in systgms 2018 2021
performing category A functions
IEC 61913 Ed. 2.0 General requirements for systems 2011 2021
Software aspects for computer-based
IEC 62138 Ed. 2.0 systems performing category B or C 2018 2022
functions
IEC 62440 Ed. 1.0 Requirements for coping with common 2007 2099 Revisiot should
cause failure (CCF) start
Development of HDL-programmed Revisior should
IEC 62466 Ed. 1.0 integrated circuits for systems performing 2012 2022 stdrt
category A functions ]
Development of HDL-programmed
IEC 62966-2 Ed. 1.0 |integrated circuits for systems performing 2020 2023
category B and C functions
IEc TRl63084 Ed. 1.0 F’Iatform qualification for systems 2017 2020
important to safety
IEc TRl63192 E4. 1.0 Hazard analysis: A review of current 2019 2022

approaches

6.2.2

Topics of interest

WGA3|could consider the opportunity) of addressing the following issues in the revigion of
existing publications, or in new publications:

e Deflence-in-depth in I&C (architectures, as this topic is very sketchily addresised in
IEQ 61513, but is addressed in more detail in IAEA SSR-2/1 and in the WENRA report on
safety of new NPP deSighs.

e Asgessment of emerging industrial standards such as OPC UA (IEC 62541) and TSN
(IEC/IEEE 60802 project).

e 1&(d architectures in a multi-unit and mutualised operation framework.

o ExtensiveUse of multiplexed digital communication, field buses and remote 1/0.

e Extensive exploitation of the information provided by "smart devices".

e Similarities and differences with respect to equivalent IEEE publications.
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Topic

Action

Levels of Defence-in-Depth

IEC 61513 (amendment) or NWIP (International
Standard), to be decided at the next meeting of WGA3
and SC 45A

Multiplexed data communication for Safety Class 2

IEC 61500 (amendment or revision)

Multiplexed data communication for Safety Class 3

NWIP (International Standard)

Assessment of OPC UA (IEC 62541) and TSN
(IEC/IEEE 60802 project)

Technical Report

1&C for mutualised plant systems

IEC 62340 (Revision)

Modulgr construction: V&V in factory and on site after
transpqrtation

IEC 60987 (Amendment)

Similar|ties and differences with respect to IEEE
publicaftions

No action, refer to Gary Johnson’s work™on-the $ubject
published by CORDEL (InternationalNuclear 1&[C and
Electrical System Standards Tables)with URLs)



https://iecnorm.com/api/?name=dd8c9bb24836a45e42912b947b82910f

6.3
6.3.1

- 18 —

Current portfolio

IEC TR 63335:2021 © IEC 2021

WGAS: Special process measurement and radiation monitoring

Reference

Title

Publication
date

Stability
Date

Revision
going on?

IEC 60768 Ed. 2.0

Equipment for continuous in-line or on-line
monitoring of radioactivity in process
streams for normal and incident conditions

2009

2022

IEC 60910 Ed. 1.0

Containment monitoring instrumentation
for early detection of developing
deviations from normal operation in light
water reactors

1988

2020

Revision
underway

IEC 60911 Ed. 1.0

Measurements for monitoring adequate
cooling within the core of pressurized light
water reactors

1987

2022

IEC 60951-1 Ed. 2.0

Radiation monitoring for accident and
post-accident conditions — Part 1: General
requirements

2009

2020

Revision
underway

IEC 60951-2 Ed. 2.0

Radiation monitoring for accident and
post-accident conditions — Part 2:
Equipment for continuous off-line
monitoring of radioactivity in gaseous
effluents and ventilation air

2009

2022

IEC 60951-3 Ed. 2.0

Radiation monitoring for accident and
post-accident conditions — Part 3:
Equipment for continuous high range area
gamma monitoring

2009

2020

Revision
underwaly

IEC 60951-4 Ed. 2.0

Radiation monitoring for accident and
post-accident conditions — Part 4:
Equipment for continuous in-line oryon-line
monitoring of radioactivity in proc¢éess
streams

2009

2022

IEC 61031 Ed. 2.0

Design, location and application criteria
for installed area gamma-radiation dose
rate monitoring equipment for use in
nuclear power plants during normal
operation and anticipated operational
occurrences

2020

2023

IEC 61450 Ed. 1.0

Detection of leakage in coolant systems

1994

2023

IEC 61343 Ed. 1.0

Boilipg\Nght water reactors (BWR) —
Measurements in the reactor vessel for
monitoring adequate cooling within the
gore

1996

2021

IEC 61404 Ed. 1.0

Plant-wide radiation monitoring

2017

2022

IEC 62117 Ed. 1.0

Pressurized light water reactors (PWR) —
Monitoring adequate cooling within the
core during cold shutdown

1999

2022

IEC 62705 Ed. 1.0

Radiation monitoring systems (RMS):
Characteristics and lifecycle

2014

2020

Revision
underway

IEC TR 62235 Ed. 1.0

Systems of interim storage and final
repository of nuclear fuel and waste

2005

2021

IEC/IEEE 63113
Ed.1.0

Spent fuel pool instrumentation

First edition
being drafted

6.3.2

Topics of interest

WGADS5 could consider the opportunity of revising existing publications, or of new publications,

considering:

e Whether existing

requirements and

necessary, applicable and sufficient for small size reactors.

recommendation for process measurement are
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necessary, applicable and sufficient for integrated reactors.

o Whether existing

requirements and

requirements and recommendation for process measurement are

recommendation for process measurement are

necessary, applicable and sufficient for passive design features and passive systems.

6.4 WGAT: Functional and safety fundamentals of I&C and electrical power systems
6.4.1 Current portfolio
Reference Title Publication Stability Revision
date Date going on?
IEC 60671 Ed. 2.0 Surveillance testing 2007 2021
IEC 60709 Ed. 3.0 Separation 2018 2021
IEC 61426 Ed. 3.0 Classification of instrumentation and 2009 2020 Reévigion
control functions undefway
IEC 62p71 Ed. 1.0 Selection and use of industrial digital 2013 2021
devices of limited functionality
IEC 626471 Cor. to Ed. | Corrigendum to IEC 62671 Ed. 1.0 2016 2021
1.0
IEC 62408 Ed. 1.0 + |Design and qualification of isolation 2015 2021
Amendment 1 devices
IEC 63147 Ed.1.0 Criteria for accident monitoring 2047 2020
instrumentation for nuclear power
generating stations
IEC TR|61838 Ed. 1.0 | Use of probabilistic safety assessment for 2009 2021
the classification of functions
IEC TR|62987 Ed. 1.0 | Use of Failure Mode and Effect Analysis 2015 2022
(FMEA) and related methods to support
justification of systems
IEC TR|63123 Ed. 1.0 | Guidance for the application-af 2017 2020
IEC 63147:2017
IEC/IEHE 63160 Ed. |Common cause failure, ysystem analysis In develppment
1.0 and diversity
6.4.2 Topics of interest
WGATY [could consider-the opportunity of addressing the following issues in the revigion of

existin

e Deflinition of\‘passive systems” and requirements for monitoring their action and

fun

) publications, or'in new publications:

ction.

o Conditions for safe operation of passive systems.
-Ha!ll' N . — ot

e Hazards and risk analysis in a multi-unit framework.

correct

e Impacts of smart devices and cyber security requirements in electrical power systems.

e Rigorous functional validation of I1&C requirements (to avoid requirements specification
errors, in particular in innovative plant designs such as SMRs).

e Similarities and differences with respect to IEEE publications.

e Modularisation and size constraints affecting separation/isolation.
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6.4.3 WGA7 roadmap

Topic Action
Separation in modular and space constrained plants IEC 60709 (Amendment or revision) and IEC 62808
(Revision)
Passive systems delivering safety functions IEC 61226 (Revision), with IEEE joint working also
required

IEC 60671 (Revision) to account for surveillance of
passive functions and extended operation cycles

Prevalence of smart devices and methods of NWIP (International Standard) with IEEE working

qualification or mitigation group 6.6

Passive_system monitoring requirements Technical Report to identify any gaps in existin
standards

Multi-upit operation hazard and risks Technical Report

PSA of|passive systems TR 61838 (Revision)

Methods of validation and qualification NWIP already forecast for 2021

6.5 WGAS: Control rooms

6.5.1 Current portfolio

Reference Title Publication Stability | Revisiop going
date Date on| ?
IEC 60960 Ed. 1.0 Functional design criteria for a safety 1988 2020 Revision| should
parameter display system for nuclear start
power stations
IEC 60964 Ed. 3.0 Control rooms — Design 2018 2020
IEC 60965 Ed. 3.0 Supplementary control room for reactor 2016 2020

shutdown without access to.the main
control room

IEC 61427 Ed. 2.0 Operator controls 2008 2020
IEC 617471 Ed. 1.0 Main control-roopin=-Verification and 1995 2020
validation of desigh
IEC 617172 Ed. 2.0 Application of*Visual display units (VDUs) |2009 2023
IEC 61439 Ed. 1.0 Functional analysis and assignment 2000 2020
IEC 62441 Ed. 1.0 Mainycontrol room — Alarm functions and 2004 2020 Revision should
presentation start
IEC 62446 Ed. 2.0 Computer based procedures 2016 2023
IEC 62954 Ed.1.0 Control rooms — Requirements for 2019 2021
emergency response facilities
IEC 63414 Ed. 1.0 Control Rooms — Human Factors 2019 2022
Ellgillcclillg
IEC 63260 Ed. 1.0 Human Reliability in Probablistic Risk 2020 2022

Assessment (adoption of IEEE 1082
Guide for incorporating human reliability
analysis into probabilistic risk
assessments for nuclear power generating
stations and other nuclear facilities)

6.5.2 Topics of interest

In many cases, to make SMRs economically viable, staffing needs to be optimised, often by
mutualised operation, where a single team (in control rooms and possibly in the field)
operates multiple units. WGA8 could consider the opportunity of addressing the following
issues in the revision of existing publications, or in new publications:

e Impacts of mutualised operation on main control rooms design.
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e |Impacts of mutualised operation on supplementary control rooms and their design.

e Impacts of mutualised operation on emergency response facilities.

e Impacts of passive systems on operator displays and controls.

e Impacts of staged construction in multi-unit plants.

e Control of mutualised equipment in a multi-unit plant.

e Concept of operation, functional analysis and assignment in a mutualised operation

framework.

e HMIs in the field, including for mobile field operators.

¢ Off-site HMIs (emergency. remote equipment monitoring. etc.).

e Intq
e V&

/ on site vs. V&V in factory.

grity of pre-fabricated modules during transportation to site.

6.5.3 WGAS8 roadmap
Topic Action
Impact$ of mutualised operation on main control Technical Report leading/te [EC 60964 revision
rooms flesign
Impact$ of mutualised operation on supplementary Technical Report léading to IEC 60965 revision
control|rooms and their design
Impact$ of mutualised operation on emergency Technical Report leading to IEC 62954 amendmient
responge facilities
Impact$ of passive systems on operator displays and IEC 61227 amendment;
trols
contro IEC 61772 amendment;
IEC 62441 amendment;
IEC 62646 amendment.
Impact$ of staged construction in multi-unit plants Technical Report leading to IEC 60964 revision
Control of mutualised equipment in a multi-upit plant IEC 61227 amendment;
IEC 62646 amendment.
Conceqt of operation, functional analysjs and Technical Report leading to IEC 61839 revision
assignment in a mutualised operation/framework )
NWIP (International Standard — HFE)
HMIls in the field, including for ' mobile field operators IEC 61227 amendment;
IEC 61772 amendment.
Off-sitd HMIs (emergency, remote equipment Technical Report leading to IEC 60964 revision jand
monitofing, ...). IEC 62954 amendment
Integrity of pre-fabricated modules during IEC 60964 amendment
transpqrtation to site
V&V or| site’vs. V&V in factory. IEC 61771 amendment
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6.6 WGA9: System performance and robustness toward external stress
6.6.1 Current portfolio
Reference Title Publication Stability | Revision going
date Date on?
IEC/IEEE 60780-323 |Electrical equipment — Qualification 2016 2023
Ed.1.0
IEC 60980 Ed. 1.0 Recommended practices for seismic 1989 2020 Revision
qualification of electrical equipment of the underway
safety system for nuclear generating
stations
IEC 61497 Ed. 1.0 Electrical interlocks for functions 1998 2021
important to safety — Recommendations
for design and implementation
IEC 61488 Ed. 1.0 Determination and maintenance of trip 2002 2021
setpoints
IEC 6203 Ed. 2.0 Requirements for electromagnetic 2020 2023
compatibility testing
IEC 62385 Ed. 1.0 Methods for assessing the performance of | 2007 2021
safety system instrument channels
IEC 62445 Ed. 1.0 Requirements for security programmes for | 2019 2024
computer-based systems
IEC 62459 Ed.1.0 + Requirements for coordinating safety and |2016 2022
Amendment 1 cybersecurity
IEC TR|62918 Ed. 1.0 |Use and selection of wireless devices to 2014 2022
be integrated in systems important to
safety
IEC 62988 Ed.1.0 Selection and use of wireless devices 2018 2022
IEC 63096 Ed. 1.0 Security controls 2020 2023
IEC 63147 Ed. 1.0 IEEE 497 2017 2020
+|EC TR 62123
Ed.1.0
IEC TR[63192 Ed. 1.0 | Hazard analysjs 2019 2022
6.6.2 Topics of interest
WGAQ9|could consider-the opportunity of addressing the following issues in the revigion of
existing publicatiens; or in new publications:
e Mufualisedioperation of multiple units.
e Intggrity~of modules manufactured and tested in factory, and then transported fo site,
taking-account of malicious and non-malicious aggressions

e Impacts of multi-unit plants and large fleets of identical units on security programmes.

e Impacts of mutualised operation on security programmes.

e Assessment of emergent industrial standards (such as OPC UA) in terms of cybersecurity.

e Impacts of multi-unit plants operated from a single control room from an EMC perspective.

e Determination of the profile for equipment qualification (environmental, seismic, EMC).

e Methods for the characterization of the electromagnetic environment to determine the risks

for

EMC.

e Guidance for RF spectrum monitoring to ensure interoperability of wireless devices.

e Grounding, shielding, and installation practices for new installations necessary to maintain
EMC.
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e Methods for in-situ verification of immunity to EMI/RFI, particularly during equipment
commissioning.

o Enhancement of the requirements for wireless sensors and infrastructure.

e Similarities and differences with respect to IEEE publications.

6.6.3 WGAS9 roadmap

Topic Action
Enhanced EMC background testing to validate IEC 62003 Ed. 2 revision
different operability and reliability in SMRs than large
LWRs
Determprationof-thereviewed-EQprofie—for-SiR HECHEEE-66+80~-323—revistonorTFechnicatRepqrt

design$ including techniques for qualifying newer
digital glevices

Impact$ of multi-units plants and large fleets of IEC 62645 revision or new Technical Report
identicgdl SMRs to optimize cybersecurity while
maintajning safety and assessment of emerging
industrfal standards such as OPC UA

Establighing risk-based approach to cybersecurity for Technical Report in progress <'update to addrefss

optimizing graded approach in SMR operation specific SMRs

Updatipg ongoing TR scope of cybersecurity modelling | Technical Report in progress — update to addrejss
to address specific SMR and multi-modular needs. specific SMR needs

Update| to the wireless standard to address specific IEC TR 62918 revision

needs pf SMR for optimized deployment

Identifying updates to the online monitoring and use of | IEC 62385 revision
diagnosgtics/prognostics to reduce or eliminate required
human|manual surveillances and reducing required
plant s{aff.
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