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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The purpose of this document is to bring all current knowledge together about standardization of
information on nuclear installations in the nuclear industry.

This document provides orientations for how the concept of an industrial digital ecosystem can
be realised for the nuclear industry, its installations and practices. These orientations are based on
surveys of the state of the art for the adoption of digital methods and technology for the nuclear sectors
by the participating members of ISO/TC 184/SC 4 and a review of the current state of the standards
for the digital rpprncpnfafinn of pnginppring data that are the rncpnncihi]ify of TQﬂI/'T‘F 1RAI/QF 4 and
internatignal standards from other TCs/SCs from ISO, IEC, CEN and some de-facto international
industry qtandards.

The objective is to provide the nuclear industry with a common framework to address the iftertwired
aspects tgmanage digital information based on standards and related to nuclear facilities)and materigls.

The nuclepr facilities are composed of all the physical structures, systems, and components: minipg,
fuel manyfacturing, nuclear material transport, nuclear power plants (NPPs)ireprocessing plarnts,
waste mahagement and disposal facilities.

This docyment aims to support operational processes in a nuclear ecosystem using digital tools|to
produce, inanage and share information.

It is based on the experience and skills of experts with generic competencies in standards for industyial
data, devdloped during the past years in the edition of standardsfor product modelling, plant modelling
and consfruction modelling associated with some specific é&kperience of some members in nuclg¢ar
facilities ljfecycle, the corresponding information and record$ management in the lifecycle.

This docujment will be updated when new technologicaltladvances become available, as many initiatiyes
in the fieldl of the “Industry of the future” are underway, the most relevant of which is the development
of the digital twin (DT). The corresponding outeomes can be integrated in a viable roadmap wiith
steps to efffectively guide practitioners of the nuclear ecosystem in implementing methodologies and
technologfies to make effective the benefit of the proposed standards.

This docyment does not provide answers to all of the issues but does raise questions and identifies
barriers fpr successful implementation*which will be addressed to create a digital ecosystem in the
nuclear industry. It does provide a simple conceptual framework and a roadmap to guide the actorq of
the nucledr ecosystem.

To consolfidate this perspeetive, this document has taken into account nuclear technology and the
constraings on the nuclearindustry. Developing a standardization framework for the nuclear industry
could alsg be useful if.ofder to face long standing issues met in conventional industries regarding
informatipn managenient.

Radioactiyity structures all of the activities in the nuclear industry and strongly impacts the needs and
the way of modelling facilities and of organising information to support the business processes.

Innovation and standardization will enable a nuclear digital ecosystem (NDE), which could be
downsized for conventional industries with specific lighter requirements.

This methodology offers the best guarantee to meet the specific needs of a nuclear ecosystem and to
reuse generic models, relationships, and standards already available or prepare their adaptation or
extension for the future.

vi © IS0 2023 - All rights reserved
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Automation systems and integration — Industrial data —
Nuclear digital ecosystem specifications

1

Scope

T}lﬂ' d et aararzid
SOt CIIc provIiacs.

NO

sectors;

a summary of the state of the art of some of the standards supporting the digitalrepresen
interoperability of industrial data;

orientation on the use of these standards for model-based systems engineering (MBSE) i
achieve a nuclear digital ecosystem (NDE);

a high-level roadmap of the stages by which this ecosystem can.beachieved, taking into a
maturity of the actors of the ecosystem, their relationships ahd the added value of using
standards.

TE The complete reports from the participating entities.are presented in Annexes A to G.

Thlis document includes the following:

2

from interactions in the nuclear system or@yith its environment;
the material accounting and the corre§ponding requirements;

waste management: all types ofnuclear waste produced during processes and activities

nuclear ecosystem.

Normative references

Thlere are no normative references in this document.

3

3

Terms, definitions and abbreviated terms

.1 Terms and definitions

a review and summary of the adoption of digital methods and technology in the natienpl nuclear

tation and

In order to

rcount the
advanced

the systems composing the nuclear facilities:and their input, output, and other productq resulting

and their

properties are considered for aséamless management of information in the whole value chain of the

Fo

4] £l 1 RPN | £o11 H i Pa DA P T 1
LIIc lJLll PUDCD Ul U115 UUCTUIIITIIL, UIIT TUITUVV 1115 LCT IS altu UCTIIITIUIUILS CllJlle.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

3.1.1
asset
item, thing or entity that has potential or actual value to an organization

[SOURCE: ISO/TS 18101:2019]

© IS0 2023 - All rights reserved
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3.1.2

information

knowledge concerning objects, such as facts, events, things, processes (3.1.13), or ideas, including
concepts, that within a certain context has a particular meaning

[SOURCE: ISO/IEC 2382:2015, 2121271, modified — Field of application and notes to entry have been
removed]

3.1.3
data

reinterprnfah]n rnprnctanfah'nn of injfnrmnf‘inn (Q 1 ')) inaformalizedmannersuitable for communicati n,

interpretdtion, or processing

[SOURCE:|ISO/IEC 2382:2015, 2121272, modified — Notes to entry have been removed]

3.14
data eleljlent
member df a data set (3.1.5)

3.1.5
data set
logically meaningful group of data

[SOURCE:|ISO/TS 18101-1:2019]

3.1.6
data quality
degree to[which a set of inherent characteristics of data fulfils requirements

Note 1 to pntry: Examples of requirements for quality data\also include data integrity, data validation, dpta
portability} data synchronization and the data provenance @ecord.

[SOURCE:|ISO 8000-2:2022, 3.8.1, modified — Nefe)1 to entry has been modified.]

3.1.7
digital edosystem
distributgd, adaptive, open, socio-technical system with properties of self-organisation, scalability and
sustainabjlity inspired from naturalecosystems

[SOURCE:|ISO/TS 18101-1:2019}

3.1.8
digital rejpresentation
manner irf which information is stored for interpretation by a machine

[SOURCE:|ASME Y\14.47 - 2019]

3.19
domain
field of special knowledge, which can be further subdivided according to requirements to support a
higher level of specialized detail

[SOURCE: ISO/TS 18101-1:2019]

3.1.10
information model
formal model of a bounded set of facts, concepts or instructions to meet a specified requirement

Note 1 to entry: In this context, the description of domain (3.1.9) entities in a digital ecosystem (3.1.7) addressing
lifecycle asset (3.1.1) management.

[SOURCE: ISO/TS 18101-1:2019]
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3.1.11

interoperability

capability of two or more entities to exchange items in accordance with a set of rules and mechanisms
implemented by an interface in each entity, order to perform their specific tasks

Note 1 to entry: Examples of entities include devices, equipment, machines, people, processes, applications,
computer firmware and application software units, data exchange systems (3.1.17) and enterprises.

Note 2 to entry: Examples of items include services information, material in standards, design documents and
drawings, improvement projects, energy reduction programs, control activities, asset (3.1.1) description and
ideas.

Note 3 to entry: In this context, entities provide items to, and accept items from, other entities, ahid t]lley use the
itens exchanged in this way to enable them to operate effectively together.

[SQURCE: ISO/TS 18101-1:2019]

3.1.12

nuiclear digital ecosystem
NDE

digital ecosystem (3.1.7) specialised for application to nuclear power facilities and related actjvities

S

Note 1 to entry: The objective is to provide principles, methodologies and-technologies to enable sharinig of shared
reqources across nuclear industry and beyond, and their specializatign ini each specific domain and dipcipline.

Note 2 to entry: There is a trend to name these shared resources’’Commons”

3.1.13
prpcess, noun
sef of interrelated or interacting activities that use‘inputs to deliver an intended result

[SOURCE: ISO 9000:2015, 3.4.1, modified — Netés to entry have been removed.]

3.1.14
prpperty
named measurable or observable attribute, quality or characteristic of a system

3.1.15

reference data library

RIL

mgnaged collection of reference data

[SOURCE: ISO 15926351:2004]

3.1.16
refjuirement
negd or expectation that is stated, generally implied or obligatory

[SOURCE: 1SO 9000:2015, 3.6.4, modified — Notes to entry have been removed.]

3.1.17
system
combination of interacting elements organized to achieve one or more stated purposes

Note 1 to entry: A system is sometimes considered as a product or as the services it provides.

Note 2 to entry: In practice, the interpretation of its meaning is frequently clarified by the use of an associative
noun, e.g. aircraft system. Alternatively, the word “system” is substituted simply by a context-dependent
synonym, e.g. aircraft, though this potentially obscures a system principles perspective.

Note 3 to entry: A complete system includes all of the associated equipment, facilities, material, computer

programs, firmware, technical documentation, services and personnel required for operations and support to
the degree necessary for self-sufficient use in its intended environment.

©1S0 2023 - All rights reserved 3


https://standardsiso.com/api/?name=da6ad1676d837d27fd7709a7496cace6

ISO/TR 20123:2023(E)

Note 4 to entry: A system is also interacting with its environment.

3.1.18
system element
member of the combination of elements that constitutes a system (3.1.17)

3.2 Abbreviated terms

Al artificial intelligence

ALARA as low as reasonably achievable

ANN artificial neural network

APR advanced pattern recognition

BIM building information model (see ISO 16739-1)
BWR boiling water reactor

CAD computer aided design

CAE computer aided engineering

CDE common data environment

CDF core damage frequency

CFIHOS Capital Facilities Information Handover Specifi¢ation

CM configuration management

CNS Convention on Nuclear Safety

DMS document management system

DT digital twin

EAM enterprise asset management

EPC engineering, precirement and construction

ERP enterprisesgesource planning

eSOMS electr@nic shift operations management system

ESPN nuclear pressure equipment (equipement sous pression nucléaire)
FAIR fimdabte;accessibte;interoperabteendreusabte

HLW high-level waste

HVAC heating, ventilation and air conditioning

ISDC International Structure for Decommissioning Costs (ISDC) of the OECD
[AEA International Atomic Energy Agency

IFC industry foundation classes (see ISO 16739-1)

[1oT industrial internet of things

4 © IS0 2023 - All rights reserved
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VvV integration, verification and validation
K-PIM knowledge-centric plant information model
LD linked data
LLW low-level waste
LOTAR long term archiving
LTKR long term knowledge retention
MBSE model-based systems engineering
MR micro reactor
NIFT National Institute of Standards and Technology (USA)
NLP natural language processing
NHP nuclear power plant
NRC Nuclear Regulatory Commission (USA)
o&M operation and maintenance
OHCD Organisation for Economic Co-operation and Pevelopment
0]0 owner and operator
o&M operations and maintenance
PIM plant information model
PLM product lifecycle management
plant lifecycle management
PWR pressurized water'reactor
ROF resource déscription framework
ROL reference data library
SMR small modular reactor
SN[F spent nuclear fuel
SSC structure system component
SSoT single source of truth
Sw semantic web
WANO World Association of Nuclear Operators
WBS work breakdown structure

© IS0 2023 - All rights reserved
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4 Overview of the nuclear industry

4.1 Nuclear fuel cycle

The nuclear industry can be analysed starting with the fuel cycle,lll and includes all activities from
the uranium mining, fuel fabrication, construction of the nuclear installations, O&M of the nuclear
installations, decommissioning, fuel reprocessing, waste management and waste disposal.

Whilst reprocessing of nuclear fuel is possible, with facilities to manage the valuable material and the
waste produced during the whole fuel cycle, which prefigures a circular economy, it is currently not
regularly practiced in a large fraction of the world’s NPP fleet.

An integrated management of the data produced during all the fuel cycle and in all the facilities,involyed
in this cydle will bring a clear added value.

The lack qf interoperability of data along this cycle is conservatively estimated from 1-%-to 3 % of the
cost of inyestment of all of these facilities.[2] At an international level, this represents tens of billigns
of Euros. Pata interoperability and traceability is moreover a regulatory requirentent for the nucl¢ar
industry.

With the pxtended use of digital tools at every step of the cycle, it is of the’utmost importance that
standardq support the interoperability of data which must be accessible or reuse for time spang of
more than 100 years.

Sharing afglobal understanding of the situation of the nuclear industry as a system of systems is key,

Systems gngineering combined with MBSE in a digital environmient offer the best available framewg¢rk
of a globa] understanding.

Standardg to support interoperability of the nuclear egosystem are numerous and various and concgrn
plants, pfoducts, buildings, material, fuel, waste-and the environment. The governance of these
standardq is managed locally by subject matter experts to support specific needs of the actors.

4.2 Nuglear power plant (NPP) safety-leadership and management

Safety is @ critical issue in the nucleariindustry, and the prime public concern of the 1986 Chernopyl
accident and the 2011 Fukushima I @ccident confirmed the concerns. This is reflected in IAEA CNS [73]:

— New NPPs are to be designed, sited, and constructed, consistent with the objective of preventing
accide¢nts in the commissioning and operation and, should an accident occur, mitigating possiple
releages of radionuclides causing long-term off-site contamination and avoiding early radioactjve

releages or radioagtive releases large enough to require long-term protective measures and actioES.

— Compjrehensive and systematic safety assessments are to be carried out periodically and regulajrly
for exiisting installations throughout their lifetime to identify safety improvements that are oriented
to meet the& above objective. Reasonably practicable or achievable safety improvements are to|be
implejmented in a timely manner.

— National requirements and regulations for addressing this objective throughout the lifetime of
NPPs are to consider the relevant IAEA Safety Standards and, as appropriate, other good practices
as identified inter alia in the Review Meetings of the CNS.

Safety in this clause focuses on key radiation-related aspects of NPP O0&M safety, namely nuclear safety,
radiation protection and radioactive waste management. Safety data is essential for safety management.

When considering safety in relation to nuclear facilities there are a number of different domains to be
considered (both nuclear industry specific and general) including: nuclear safety supervision according
to regulations and operation license documents, change management of safety justification basis for the
license extension (e.g. change of safety related SSCs, change of operating limits and conditions). Nuclear
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safety inspection requires the recording data of NPP operation Limiting Condition for Operation (LCO),
periodic test data related to safety, parameters of safety system, the defect reporting data, etc.

Radiation protection: the goal of NPP radiation protection is to ensure that 0&M personnel are exposed
to doses below the limits, and to maintain the radiation at reasonable and feasible levels, and to
protect the public and the environment. The main work of radiation protection includes radiation work
management, radiation dose control, radiation pollution control, radioactive material control, radiation
monitoring, all of which require Radiation Work Permit (RWP) data, ALARA, radiographic testing
permit, individual dose record, personnel RP (radiation protection) certificate, etc.

Ra

icactive waste management: The princinles of radigactive waste management are radioactive
=] T i =]
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Table 1 — Illustration of-the framework for safety management — Source [74]

ste minimization and radioactive effluent optimization. Radioactive waste managemenf requires
itinuous monitoring data of the effluents, the sampling analysis data, etc.

fety leadership and management requires the involvement and active participatiomof all parties and
hefits from a system engineering approach. The ISO 8000 series is an importaht standard which
ps to improve NPP safety data quality.

A has provided a series of safety standards as well as international co@peration to ensurg that high
ety performance is attained. All countries with operating NPPs report'on the implementatipn of their
igations under CNS for international peer review. WANO also has.programs to help improye safety.

pital technology has been implemented to help improve NPP safety, as NPP safety managenient is still
gely paper-based. In China, blockchain technology is usedfor personal exposure data mahagement.
France, a unique collaborative ‘ESPN digital’ platform cehtralizes safety requirement management
all stakeholders. In the Pallas project in the Netherlands blockchain principles are aglopted by
ans of attaching a digital signature to each digital statement in the project repository [compmon data
yironment (CDE)] which defines meta data such~as provenance, access rights, confidentjality, and
en applicable, the replace chain (history) of each-statement (as per ISO/TS 15926-11).

ew data interoperability barriers hinder NRPsafety, for example, the lack of an international standard
the safety classification of equipment, .as shown in Table 1.

of functions /
I&C systems

¢ rganlza:;(;:: or coun- Safety classification of I&C functions and systems in nuclear plants
Main international standards organizations
Items important to safety
IAEA safety glossary Safety sys- Safety-related items
tems Safety features (for DEC) Items not impdrtant to
_ safety
IAEA SSG- Function Safeti/ycelltego Safety category 2 | Safety category 3
30
System Safety class 1 Safety class 2 Safety class 3
Systems important to safety Systems DFOtEIrflp ortant to
DdlCLy
EC 61226 I&C function Category A Category B Category C Non-categorized
I&C system Class 1 Class 2 Class 3 Non-classified
Systems important to safety
IEEE Non-safety-related
Safety-related
Safety level NS

(non-safety)

Selected states with nuclear power programs

Canada

Category 1

Category 2

Category 3

Category 4

China

F1A

F1B

F2

Non-classified
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Table 1 (continued)

EYT
Finland Class 2 Class 3 EYT/ STUK
(Classified non-nuclear)
France Class 1 Class 2 Class 3 Non-classified
1&C function Category 1 Category 2 Category 3 Non-classified
Germany -
[&C equipment E1l E2
India 1A B | IC NINS
Japan PS1/MS1 PS2/MS2 PS3/MS3 Non-nuclear safety
Korea IC-1 IC-2 IC-3 Non-classified
I&C function Category A Category B | Category C Non-categorized
Russia iml
[&C system Class 2 Class 3 Class 4 (Systems hot im
portant to,safety)
Level 1 Level 2 Level 3
South Africa Direct influence| Productsimpor- | All products | Non<afety or availability
on safety per- | tantto nuclear of the nuclear related
formance safety installation
Swlitzerland 1 2 3 Non-classified
UK Class 1 Class 2 Class,3 Non-classified
System important to safety >
USA (Not specified)
Safety related |
4.3 Differences between nuclear industry and othefindustries
The nuclepr industry is a modern industry; the first pewer plant, Calder Hall, in the United Kingdqm,
opened o1} 17 October 1956.
Nuclear epergy has great potential, considering the increase of electrical power in the future, to satify
the needs| of the global population with low.carbon emissions. Nuclear energy is characterized by [its
compactngss: a 1 000 MWe power plant uses 27 tons of enriched uranium per year when an equivalg¢nt
thermal ppwer plant uses 1 500 000 tons of fossil fuel per year.
The nucldar industry is a capital-intensive industry, which is sensitive to financial costs. Thus, if is
key, durinjg the lifecyle of the power plant and nuclear fuel cycle, to share data of quality, reduce the
design, cdnstruction and commissioning duration and costs as well as the periods of shut down for
maintenahce and inspectipn'because of the availability of the required data for the actors.
Fission prjoduces heatBy splitting fissile material and producing radioactive elements. When storing
and hand]ing fissile \material, care is required to respect mass and geometric constraints to avpid
unexpect¢d chain'reactions. The different types of radiation interact with the environment, components
of the NPP, thetatmosphere which results in specific issues for the reliability of the equipment in|an

environm

ent with high levels of radiation.

The nuclear industry is a strictly controlled industry with high requirements on the traceability of the

materials

and of the activities.

There are some limitations on the ability to share information on nuclear topics, especially when this
crosses national boundaries as with export control regulations.

The activities linked to safety classified equipment complies with regulations on the information
management.

Otherwise, common principles are shared globally through rules and orientations edited by the IAEA.
However, national regulations are often specific and there is a lack of international standardization in
some domains, e.g. the classification of nuclear waste.
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Some forms of fuel cycles are adopted for the economic operation of NPPs, such as MOX fuels, by
reprocessing the spent UOX fuels. The amount of the final disposal of the spent nuclear fuel (SNF) and
the high-level waste (HLW) differs among which types of fuel cycles are used. Therefore, financial
planning is important for the management of SNF and HLW during the NPP operations.!)

In the decommissioning phase, there is large amount of low-level waste (LLW) by dismantling NPPs.
The cost structure of decommissioning NPPs is well summarised by the Nuclear Energy Agency (NEA)
of the Organisation for Economic Co-operation and Development (OECD).[Z3] In this document, the
scope of decommissioning cost estimates among European countries and the US is described and there
are differences for estimation items between countries due to the different regulations of each country.

Be
co

yond these specificities, the nuclear industry has commonalities and shares the following
ncerns with other industries:

P common

The initial safety philosophy was partially inherited from the aerospace and chemical industries.

The nuclear industry uses complex calculation codes and simulation tools similar to otherjadvanced

industries.

Nuclear engineering has developed tools for 3D representation to support the design actiyvities.

A NPP has mechanical equipment, heat exchanger, piping, air ¢conditioning and other sysfems with

similarities with equipment involved in other process industries.

In
an
int

5

5.

De|

Nuclear engineering has commonalities with other process industries, and uses P&
functional schemas and data sheets as in the oil and gasiindustry.

Buildings and concrete for biological protection are important components of a NPP|
reprocessing plant and civil works have strong interaction with process and corr
equipment with periodic data exchange between the corresponding teams.

The work breakdown structure (WBS) into the international structure for decommissio
(ISDC) format, as summarised by OEED/NEA can be a guidance document for the decomn
phase of NPPs.

Ds, other

or a fuel
bsponding

ning costs
hissioning

As for all other industries, the nuclear industry encourages the opportunities brought by fise of new

information technologies and to organize its digital transformation.

summary, the nuclear industry brings together various domains of manufacturing, proc
1 construction and has.an interest in the corresponding standards for industrial data
eroperability.

Review of national reports

|  General

scriptions of the current state of digitization in the nuclear sectors of China, France, Japan

ess plants
and their

, Republic

of

Korea, the Netherlands, the United Kingdom (UK), and the United States of America

USA) are

presented for information. These examples can be regarded as a sample from the 20 participating
members and 8 observing members of ISO/TC 85/SC6 (Nuclear energy, nuclear technologies, and
radiological protection — Reactor technology). The complete reports are reproduced in Annexes A to G.
The degree of digitization varies across the sample. Each country has a strategy to increase the use of
digitization to an extent that varies according to the distribution of requirements between new build,
operations and maintenance (0&M), and decommissioning. The use of advanced digital methods and
software technology is increasing amongst all members of the sample.

1) OECD NEA presentation -- TM on FRs and related FC facilities with improved economics characteristics, Vienna,
Austria, 11-13 Sep 2013 (iaea.org).
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5.2 New build

China also has a national strategy for digital or smart or intelligent nuclear power, has developed digital
handover systems for a few NPPs and looks to the use of DT as a key technology (see Annex A).

Nuclear power is the key to peak emissions by 2030 and carbon neutrality by 2060.

Aligning with the national digital transition strategy, new digital infrastructure and diminishing the
gap between EPC and OO data are challenges for China.

The French nuclear industry is demanding sustainable solutions to reuse existing knowledge, support
advanced|engineering methods as model based systems engineering and robust enough to face futilire
needs and other changes (see Annex B). Digital continuity is a major topic internally for each compgny
and also for the ecosystem. Digital management of safety requirements are now centralizeéd:"Wakte
informatipn management systems are being modernized.

Japan hasffound that knowledge and experience of new build is decreasing and looks tolstandardisatjon
for designling and constructing safer and more economical plants for the future (see,Aithex C).

The Nethgrlands reports on the design phase of the new Pallas high-flux reactor for the production of
radio-actifve isotopes (see Annex D). The achievement has been to create a complete handover system
for design conforming to the recommendations in IAEA TECDOC 1919.[41]

The Neth¢rlands is very active in the development of semantic modelling standards, integrating WBC,
process and construction standards.

The Nethprlands focuses on maintaining and ensuring the.integrity and validity of design balsis
knowledge and information over time. The Republic of Kosea and France have found that different
contractofs are using different standards for different projects and work is in progress in both cages
for nationpl strategies for an integrated project management system.

14

The Republic of Korea has highlighted the lack of aninternational standard for the safety classificatlon
of equipnpent and the need for a strong, simple and shared conceptual framework to boost the
practical jmplementation of existing standards-and develop additional specifications to fulfil specific
requirem¢nts of the nuclear industry (seeAhnex E).

The UK ig developing a strategy for the digitalization of the national infrastructure that will inclyde
NPPs at sqme point in the future (see*Annex F).

The USA ifs actively researchingthe viability of DT technology for NPPs with the goal of developing|an
appropriate regulatory infrastructure. Current DT technology implementation is limited, but progress
is being made in the introduction and use of digital models and data analytics in existing NPPs and|by
incorporating DTs in prototype development of next generation nuclear projects (see Annex G).

of these records into searchable digital forms but the conversion of legacy data in obsolete digital
systems is more complex. The USA is using Natural Language Processing (NLP) for analysing historical
plant data and Artificial Neural Networks (ANNs) to classify and automatize the O&M process. The
conversion to more modern methods of data representation will be not possible by purely digital
methods alone and will be expensive. A USA consortium is working to develop a fully integrated risk-
informed, condition-based maintenance capability on an automated platform. Several NPPs in the
USA are implementing Advanced Pattern Recognition (APR) software to recognize normal equipment
performance then analyse real-time data as compared to the baseline performance. The policy in
France is to ensure the sustainability of digital data for the future. A China energy standard (NB) for
NPP O&M data requirement is under development based on a research report approved in 2018. Japan
requires standardization for efficient work management for 0&M within the conditions of ALARA and
lower core damage frequency (CDF). This will support efficient and safe operation with information
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for precise auditing by the regulatory bodies in order to minimize frequent inspections and to increase
operation time.

Management of the information needed to support these activities and the reliability of equipment is
important.

The Republic of Korea needs the safety classification of equipment to be ensured at the engineering
phase and this requires the development of a nuclear reference data library (RDL). The Republic of
Korea is developing a smart plant for fully automated operation and an integrated project management

information system has been developed as a national effort. All existing USA utilities have transitioned

awayfrom-amanualdocument-basec nd-operatorlogs.Flectronic
op ], electronic wérl packages
anfl procedures, and condition monitoring databases are in wide use.

5.4 Decommissioning

T Republic of Korea has no experience of decommissioning whereas,the Netherlands has
defommissioned the Dodewaard Nuclear Power Plant, a small natural cirgitlation boiling water reactor
(BWR) of 58 MW.

Japan has a decommissioning plan for several shut down plants“and is developing moddls for the
radlioactive inventory of the plants' components in the perspective of the waste managemgnt. Japan

ne

of Innovative means.
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commissioning is an important activity in the UK as.a result of its early adoption of nuclg
enty sites have been listed for decommissioning-as a national strategy. Ten Magnox ty
ye been shut down and their fuel removed. One:df'these sites has been chosen for decomn
an example to evaluate procedures and costs. Four prototype plants have been closed

b active decommissioning sites is not known because records have not been updated o
1sed in obsolete systems. These sites are now being re-documented by means of photog
er point scanning and the use of augmented reality. The RDL defined in ISO/TS 15926-4
bpted to provide a consistent teriminology. There is a lack of standardisation between diffe
banizations, but the building information model (BIM) is being increasingly adopted for in
change. The strategy for décommissioning of Magnox in the Sellafield site addresses thrg
bas: enterprise asset management (EAM), digital engineering capability, digital decommisg

—

Thie efforts are done based on standards that are delineated for conventional industries. Me
nuflear industry has.different requirements, for example carrying out dismantling tasks,
radliological inventory and accomplishment of regulatory requirements are some of the differ

In

de
pr
re:

the USA, 39~¢ommercial nuclear power reactors have been shut down and 25 are in the

Commissioning under plans submitted to the US Nuclear Regulatory Commission (NRC). Dig
bmises-to go beyond the traditional 0&M applications of data analytics to almost every,
ictorlifecycle ranging from design and licensing through fuel storage or decommissioning.

!

bds a specific decommissioning project for the site of Fukushima where the situation implies the use

ar power.
pe plants
hissioning
and three

ye been removed. The main problem is that'the current description and safety status of many of

" they are
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5.5 Summary of national reports

The collected results of these surveys show that all the nations in this sample have national strategies
for the digitalization of the nuclear sector but some or more are more advanced in some respects than
in others.

Some common problems include legacy data integration and reuse, including information recorded by
non-digital methods, harmonization of the designation and classification standards, development of
data models for decommissioning and waste management, lack of guidance for using the modern state
of standards for digital representation that would be relevant for the nuclear sector.

Common approaches of standardization should support the use of advanced engineering methods such
as systems engineering and enable the benefit of new technologies such as DT, integrated 3D models,
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simulation models, IIOT, and Al to support new ways of working in the different phases of the lifecycle
of a nuclear facility in order to be safer and more efficient.

The preservation of existing knowledge and the creation of new knowledge by skilled teams in a
digital environment for its efficient use in the business processes is a common overall challenge for the
international nuclear industry of the future.

5.6 High level requirements and some generic use cases

This subclause lists generic requirements partially coming from the national surveys to be checked and
validated

The idea §s to define the required capabilities to manage all the industrial data generated during the
nuclear lilEcycle, these data being related to the facilities (e.g. mines, fuel manufacturing, radio€lemént
production, power plants, reprocessing plants and its different facilities, interim waste storage,
disposal),[the fuel and the waste (e.g. solid, gaseous or liquid).

The thread is the fuel cycle and the representation of the properties of the facilities involved in the
whole fue] cycle from uranium mining to waste disposal facilities, of the fuel and of the waste, whjch
will be th¢ basis for the requirements and their management.

— Manage configuration and especially the need to trace requirements and conformance to the
operdting licence throughout the life cycle.

— Suppgrt systems engineering processes and the future shift t6dMBSE.
— Addrg¢ss the needs of the facilities in operation including new requirements and life extension.
— Integrate legacy data and applications.

— Provifle a sustainable and flexible information $ystem supporting the tasks of all of the phaseq of
the lifecycle including the dismantling, the waste management of the dismantled parts and other
technlplogical and process waste.

— Provifle capabilities to share date onequipment at all stages of the nuclear facility lifecycle from
desigh to decommissioning.

— Provifle capabilities to track nuclear fuel, by-products and materials from extraction, throygh
manulfacturing to operation and eventual reprocessing, recycling, storage and/or disposal.

— Integrate future businessneeds and future technological capabilities.

— Consifder the humdn )capital role, responsibilities and qualification to the planning. Inclusjve
persplective and skills /qualification of personnel should be considered.

5.7 Buginess case based on the adoption of industrial data standards

The businessicase is considered as the cost-benefit analysis of adopting industrial data standards.

Adoption of data standards in the NDE is directly and indirectly of great value by supporting cost
efficiency throughout the activities of the facilities' lifecycle and by enabling the evidence of compliance
with the regulatory safety requirements.

Generic studies have been made in the past on the lack of interoperability of data. In August 2004, a
NIST report estimated this cost 1 % to 2 % of the cost of the cost of construction of US capital facilities.
This cost was voluntarily under-estimated. The basis of the study was all types of construction facilities
where industrial facilities represented a small total of about 5 % in 2002.

The cost of the lack of interoperability is certainly much higher and the benefit of greater value for a
knowledge intensive and controlled industry such as the nuclear industry.
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This document is intended to consider the feedback from countries that contribute to delineate the
scope, schedule and WBS for planning the implementation of digitization.

The efforts to implement the vision and orientations of this document are hard to be assessed at this
stage. Such assessments should be made in the future for the generic use cases defined in 5.6 and

complete the corresponding business cases.

Examples of business cases should be demonstrated in the following more specific illustrations.

De
wi
co
hu

A ¢

Management of formal requirements, at least explicit and un-ambiguous, throughout the

lifecycle.

Optimization of design of facilities due to improvement of data interoperability betwee
civil works, HVAC, architectural, structural, mechanical, electrical and instrumentationa
activities and supporting applications to describe the facilities and compute the data fo

applications, for example FMECA models to implement advanced maintelance strateg
will improve overall equipment efficiency.

Reuse of data produced in the design, construction and operationphases to prepare for di
and to improve waste management activities.

Long term preservation of knowledge and archiving (e.g. LTKR, LOTAR).

pending on the maturity of the ecosystem, these examples can be subdivided into sub-busi

mpliant equipment, thus avoiding, e.g. the material ‘and fabrication costs and the scrap
man hours to manage the issues, loss of revenues(due to delays in operation.

requirements of the defined use cases.
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Framework for enterprise interoperability

General

wpoints to address.ifiteroperability barriers, their potential solutions, and the relationship
bm. [SO 11354-1 defines enterprise interoperability as the ability of enterprises and entit
se enterprises-{o/communicate and interact effectively. An entity in the context of this

ferprises, but-'can also apply to other kinds of enterprises. It focuses on, but is not res
ferprises(manufacturing or service) interoperability. It is intended for use by stakeho
e concerned with developing and deploying solutions based on information and comnj
hnology for manufacturing enterprise process interoperability.

design purposes, avoiding re-keying of data, human errors, waste of skilled work-hours a|

Sharing with operators the data and knowledge produced in the desigh phase to f

Lh identified lines of benefits. For example, formal reqiiirements can avoid the procurems

omprehensive digital ecosystem needs the adoption of a set of data standards to efficientl

11354-1 specifies a framework for enterprise interoperability that establishes dimen

h process,
hd control
- different
Ind delays.

eed O&M
es, which

smantling

ness cases
nt of non-
5, costs of

y fulfil the

sions and
5 between
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document

something that’exists in itself, actually or hypothetically. ISO 11354-1 applies to manyfacturing

[ricted to,
ders who
lJunication

ISO 11354-1 helps to structure stakeholder concerns (e.g. business, process, service, data), the
barriers relating to enterprise interoperability (e.g. conceptual, technological, organizational) and the
approaches to overcome barriers (e.g. integrated, unified, federated), with contents identifying the
various kinds of solutions available to enable interoperability. ISO 11354-1 does not specify the specific
mechanisms for the exchange of entities (e.g. information objects or physical objects), nor the manner
in which interoperability solutions are implemented.

ISO 11354-1 recognizes three categories of interoperability barriers in realizing and maintaining
complex systems in a multiple enterprise environment:

— different organizational structures and maturity, e.g. in information and configuration management
(CM), including roles and their fulfilment (organizational);
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— different methods, technology and tools (technological/methodological);
— different naming, meaning and definitions of things (e.g. conceptual, semantics).

These barriers can be considered as significant if the interactions take place on at least one or all of
the four areas of interoperability concerns. The interoperability barriers may manifest themselves on
various enterprise levels (e.g. data, service, process and business) as shown in Figure 1.

Interoperability barriers

Organizational

Technological /
methodological

Conceptual /

semantics
» Enterprise level
Business Process Service Data
Integrated
Unified
Federated
Approach

Maturity Level of interoperability

Figure 1 — Interoperability barriers - Enterprise level matrix to position a certain
interoperability issue (based on ISO 11354-1)

6.2 Generic barriers to intereperability

6.2.1 General

The following barriers<an be recognised in the context of [SO 11354-1.

6.2.2 Ofganizational

— No gdidelines are available of the required level of engineering and abstract thinking capability of
engineers over the lifecycle of a system.

— Lack of understanding and availability of project characteristics of a system (especially during the
system development) in order to enable adequate control of the project-by-project management.

— Lack of knowledge and understanding on how to interconnect organizations with different maturity
levels cooperating in a common project.

— Lack of recognition of new roles and responsibilities within an organization that is making a shift to
a higher position in the supply chain and or is changing from a document centric to data centric way
of working.
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No integrated, commonly agreed method to guide parties to design, construct and maintain an

asset.

No clear separation of the why, how and what of an organization and the why, how and
system, nor is there an ability to integrate all of these aspects.

what of a

No simple to use methodology available to help engineers explain to IT developers of tools what is

needed to support their working process.

6.]

Thiere are, however, other specific barriers that affect the €stablishment of NDE. Some exal

lis

4 Semantics

Lack of guidance in the formulation of abstract and subject things such as objectives, prod
functions

No common framework for unambiguous communication which can prevent verbal c}
occurring between various parties involved in projects delivering a complex system.

Lack of quality of information and data in general and specifically athandover moments i1

8 Nuclear industry specific barriers to interoperability.

ed below:

The lack of clear industry wide standards for the data expected at each stage of the lifecyqd
format the data should be provided in.

— The absence of industry wide data stapdards is inefficient. Each client currently devs
own bespoke requirements (content\and format) to meet their needs. Therefore, sy
the nuclear industry need to configure their systems for each client to meet their dat

— A common information standard setting out the information required and data fqg
common asset types in the nuclear industry would be helpful to improve efficiend
interoperability.

There is a wide range of'guidance and standards that client organisation can adopt. For m
and suppliers this is.a'daunting task.

— There are many competing options for clients to consider. A summary of the key
and guidanee that apply to digital ecosystems would be helpful for suppliers and cli
settingup’NDEs. This would need to consider the specific challenges of the nuclear ir

— A-tlear summary of the standards and guidance would allow clients and supplier
quickly identify the standards and guidance that exist and identify where there are
consider.
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There are existing [imitations in applying information standards within the nuclear industry due to

the distinct characteristics of the industry.

— Highly specialized equipment for the nuclear industry have distinct requirements for both
management practice and information sharing. It is essential to specify these components (e.g.
reactor) in order to accommodate various transactions by using global standards. Existing
standards of industry-wide (e.g. the ISO 10303 series) or sector-specific (e.g. the ISO 15926
series) perspectives cannot meet these facility-specific (e.g. nuclear facility) requirements.

— Integration of many different disciplines (e.g. civil, architectural, mechanical, electrical, and

so on) is also critical. This fact is supported by the emphasis on the systems engin
nuclear facilities described in this document. The integration process of the shared in
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depends on the structured set of data, which is practically achieved by using standardized
breakdown structures.

— Sensitivity of some data in the nuclear industry will impact interoperability methods and
techniques.

— Some standards that cover data formats for protocols and application security data structures are
already available, including ISO/IEC 27034-5 and ISO/IEC TS 27034-5-1 which specifies XML and

JSON

formats.

6.4 Cyl

641 G

Cybernuk

in the exc

6.4.2

Nuclear clybersecurity issues are tightly related to nuclear security, with“possible direct “physig
impacts o
terrorism|against nuclear industry can have significant economic andpublic health impacts.

Cybersecyrity in nuclear industry is critical and is linked to the following concerns:

— A tridky trade-off between nuclear safety and cybersectrity which has a very distinct lifecyq
long-life nuclear equipment built to last decades contrdst with fast evolution of technologies (¢

110T)

— Globall security of the whole supply chain invelving many contractors and sub-contractors
mainfain tens of thousands of pieces of a nuclear installation.

— Isolated and protected areas that need interoperability of external systems.

It also im

attacks a

ETSECUTity

bneral

hange of digital information in an NDE.

ain cybersecurity challenges

nuclear installations and their facilities. Any threats related fe malicious acts, sabotage

Any changes of process or any technical changé\can have a huge impact on safety.

plies complex geopolitical dimensions. Major threats are coming from other states. Cyb
‘e used by some countries. te put pressure on others. High level security standards 4

e risks are amongst the most sensitive challenges of all times and are to be taken into accoynt

al"
or

. Q.

to

er-
nd

regulations apply to the nuclear industry, which are widely considered as either operators of vital

importan

Consideri

— datai
— sensifive dataprotection (e.g. employees’ data, confidential industrial data);

— protertiontefindustrial equipment (e.g. SCADA, IIOT which significantly increase access point
with high'risks such as production shutdown or industrial asset destruction;

Ce or essential service operators, or both.

hg these facts, cybérsecurity in the nuclear industry involves:

tegrity and protection against data breach, loss, alteration, and any illegal data transfer;

— intellectual property rights, industrial espionage.

Nuclear cyber resilience implies:

— aglobal strategy for the entire supply chain, including technical, technological, organizational, and
behavioural aspects;

— raising awareness, anticipating, preventing, detecting, analysing, and responding to cyber incidents
and learning from each experience;

— an approach combining "physical” and cyber security.
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6.4.3 Main applicable security regulations, norms and standards

The following is a list of the main applicable security regulations, norms, and standards as seen in the
French nuclear industry:

— ISO/IEC 27001
— ISA/IEC 62443
— IEC61508

— [NISZ(Network and Information Systems Security), Nitps://WWWw.consiiium.europa.el/len/press/
press-releases/2022/11/28/eu-decides-to-strengthen-cybersecurity-and-resilience=§cross-the
-union-council-adopts-new-legislation /[7]

—| PCMNIT (Protection and Control of Nuclear Material Facilities and Transport)d&!
—| ISO 19443. Adaptation of ISO 9001 for the nuclear industry organizational security
—| INFCIRC/274/Rev110]

—| National Nuclear Safety Directive [11]

—| Cybersecurity Act (2019) [12]

—| Data Act (2022) [131

6.5 Maturity roadmap

To|improve interoperability and bridge the gap between the existing paper-document centfic way of
wdrking in many companies and the target of achieving a data centric and model-based document way
of wworking set out in this document, it is helpful'to give guidance and best practices of how to fransition
toyvards a data centric way of working fromyvarious point of views and maturity stages.

Eafrh stakeholder in the plant engineéring supply chain faces different challenges and therefore has
a different perspective on the path it needs to follow in a roadmap. The ORCHID project ddveloped a
common roadmap that can beytailored based on a framework for companies to progressiyely build
capability to achieve interopetability internally and externally across the engineering supply chain.[14]
[15)[16] The specific goals of the roadmap are to help businesses:

—| understand thekey principles and business requirements for progressing information
standardisation internally and externally,

— | assess the{nformation maturity of their business as well as that of industry competitors and
partners,

—| workindividually and with industry partners to improve information management with{emphasis
oftstandardisation of information internally and across the engineering supply chain, anfd

— work with industry standards consortia to assure the required set of standards, tools and services
are available in a timely manner.

7 Fundamental pillars of a nuclear digital ecosystem (NDE)

7.1 General

The conceptual framework of the ecosystem should support unified, sustainable information flow from
requirements to design, construction, inspection, regulation, operation, maintenance, life extension
and decommissioning. It is proposed that the ecosystem should be based on four main pillars: CM,
requirements management, breakdown structure, reference data management. These pillars are
constituents of model-based system engineering and are described in the following subclauses.
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It is worth noting that the IAEA TECDOC-1919,[41] published in 2020, describes an application of plant

information models (PIMs) to manage design knowledge through the nuclear plant lifecycle. In

its

conclusions the report claims that a PIM in form of an engineering data management system is the

core for creating an integrated informational foundation for making process-related, engineering a

nd

management decisions during plant operation and decommissioning. Data consolidation in a single
information storage increases efficiency and ensures transparency and safety of plant operation. The
report also identifies some remaining challenges to be addressed in order to implement a knowledge-
PIM (K-PIM) framework, including setting the foundation of a common language, intellectual property
protection, contractual issues, technical maintenance over the NPP’s lifetime or the organizational

change of culture to a knowledge-centric paradigm.

This document is a strong contribution for power plants information management based on adyang
methodolpgies and technologies as semantic technologies. It serves as an input for building a.eomm
framework for nuclear industry, by defining generic principles, concepts, methodologies, a
technologjies applicable to all the facilities of the fuel cycle beyond the scope of the design‘knowledge
nuclear power plants.

7.2 Configuration management (CM)

Configuration management (CM) is a system engineering process for establishing and maintain
consistengy of a product’s performance and its functional and physical attfibutes with its requiremer
its designf and its operational behaviour throughout its life. The achievement of this functionality
ensured Hy testing. The CM process facilitates orderly managementof'system information and syst
changes for such beneficial purposes as to revise capability; improve performance, reliability,
maintaingbility; extend life; reduce cost; reduce risk and liability; or correct defects. The relativ|
minimal cpst ofimplementing CM is returned manifold in costavoidance. The lack of CM, or its ineffect
implemenftation, can be very expensive and sometimes camhave such catastrophic consequences sy
as failureof equipment or loss of life. The ANSI/NIRMA\CM 1.0 117l gives guidelines for CM of nuclg
facilities.

The comppnents of a CM system are illustrated in(Eigure 2.
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Figure 2 — Configuration management (CM) of a nuclear power plant

NOTE Figure 2 source: IAEA TECDOC-1651.[18]
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In ISO/IEC/IEEE 15288 CM is part of the group of technical management processes. ISO/IEC/IEEE 15288
refers to [SO 10007, IEEE Std 828, and EIA-649-B.

EN 9123 does not completely cover the needs of CM required for “one-off “projects.

For the application of information technology to configure NPPs, reference should be made to IAEA-
TECDOC-1651118] and IAEA Safety Reports Series No.65.1121 CM will require a coordinated set of digital
representation standards that span the whole range of engineering.

A well-known standard in the context of CM from a document centric point of view is the ISO 15489
series which is about ensuring that adequate records are created, captured and managed in pursuance
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ponsible for the efficient and systematic control of the creation, receipt, maintenance
position of records, including processes for capturing and maintaining evidence of and in|
but business activities and transactions in the form of records. A record should cerrectly re
s communicated or decided or what action was taken. It should be able to support the ne
Kiness to which it relates and be used for accountability purposes. As well as‘the content, {
puld contain, or be persistently linked to, or associated with, the metadata.necessary to d
nsaction as follows:

The structure of a record, i.e. its format and the relationships between the elements comy
record, should remain intact.

The business context in which the record was created, received and used should be appai
record and should remain intact.

The links between documents, held separately but éombined to make up a record, should b

important characteristic of the record management process is to ensure the reliability, int
hbility of the records.

h data-centric approach, the records management features given above are still valid, howd
Fa level.

8 Requirements management

‘equirement is a capabilityser constraint to which a project outcome (product or servi
nform. Requirements management is the process of identification, documenting, analysin
oritising, and agreeing on requirements and then controlling change and communicating t
keholders. It is a centinuous process throughout a project. It is the basis of systems engine
nects to the other pillars in the framework. Most of the time, the requirements are specifie
fural languagelin‘documents which impedes the computation of the checking of the consis
of requireménts and checking the conformance of the design or the equipment to the requ

methodolegy to manage requirements based on properties has been proposed that
owingbenefits.
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families (e.g. functional, operational, safety) with consistency controlled by set and al

1 together

based on IVV processes, allowing for a limit on their number and reduction of the cost in the project.

It would enable a change in paradigm to be verifying the fulfilment of the requirements by means of

simulation, further reducing costs and delays.

It would enable the automatic checking of the technical specification of equipment for conformity to

the requirements.

The method could bring benefits in commissioning, 0&M when the values of a monitored property
compared to a requirement can be used to compute the remaining useful life of a component.
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A requirement is shared between stakeholders to specify the capability and/or the constraints on
an engineered object in conditions that are given. A requirement must be verifiable, so a method of
verification must be associated with each requirement. An important assumption is that this is
equivalent to expressing the requirement in a formal way as an algebraic expression. In an ultimate
digitised industry, computable requirements will be required. However, this will become a challenge
for these requirements that cannot just be represented in numbers or standardized qualities.

Lack of standardisation of the representation of the requirement according to ISO/IEC/IEEE 29148
complicates the implementation of systems engineering.

equires—a—standardised method for the digital
support of management for developing new skillsS*gnd
training of those responsible for setting requirements.

7.4 Brdakdown structure management

A breakdgwn structure is a system engineering process that enables the separatioh|ef a project into
smaller cgmponents while maintaining their connection to each other and to the system as a whole. An
informatipn structure to illustrate breakdown is shown in Figure 3.
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Figure 3 — Information model to illustrate the concept of breakdown

Figure 3 source: ISO 10303-242:2022, Figure 5 — Simplified overview of the AP242 breakdown BO

NOTE
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A breakdown or aspect view helps to efficiently find the way through a system and to relate relevant,
domain or system specific information to the elements of the system of interest. A precondition for
making this work is a semantical information network that connects all elements of the breakdowns

with each

other when applicable.

Within a project delivering a complex system such as nuclear facilities, many kinds of subsystems are
involved, e.g. the organizational system, the product system. For all of these systems and processes
there is a need to structure the composing elements in a particular breakdown structure so that aspect
relations can be applied between these elements. In this way a project can be characterized by several
breakdown structures, as many as there are interest areas in the project. Trying to catch the whole
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[ 81346-1[20] gives the basic rules to build breakdown structures and to designate the ol
tem. [EC 81346-1,[201 [EC 81346-2, [2111SO 81346-10, [221 and4SO 81346-12 [23] define an in|
nagement framework with breakdown structures according to different aspects and to id
ects building these structures.

b Reference data management

the context of a digital ecosystem, referenge*data are data which are validated by subjg
berts, and which can be reused, updated.'and upgraded by subject matter experts acq
bernance rules. Reference data can bexinternal to a company, or to a local ecosystem or 3
el.

uirements, specifications, guidelines, properties, calculation codes, which have been ce
thorities as applicable tomuclear projects. The reference data are traces of knowledge,
ionable throughout the(ifecycle of the nuclear facility, for many use cases such as the follo

checking the consistency of specific projectrequirements with more genericrequirements
to all the projects;

checking the-compliance of suppliers' specification with project and ecosystem's requirg
the proeurement of equipment;

checking the consistency of engineering output, obtained from various design tools ed
their own internal libraries;

ISO/TR 20123:2023(E)
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Document Requirement Sys:(e)r(;luzzild Geographical Function Process Work Organisational
breakdown breakdown hinb . breakdown breakdown breakdown breakdown breakdown
Ftructure structure structure structure structure structure tructure
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Key
- breakdown structure element (instance of an Integrated Information model entity)
—— defined association between breakdown structure elements

Figure 4 — Reducing the complexity of a project by breaking down.the project into several

bjects of a
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ct matter
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reference data encompass several kinds of data related to material, product, processes andl services:

rtified by
which are
wving:

hpplicable

ments for

ch having

codes, for instance to support safety studies, and support the test activities;
supporting trade-offs in design and decision in 0&M;

supporting dismantling activities and waste management.

simulating the resistance of a structure or the behaviour of a system with qualified computation

In an NDE, these reference data will be accessible, reusable, transferable from one application to another
application and computable with the other data produced throughout the lifecycle of the facility. The
reference data are enriched by the data produced during the lifecycle of the facility, contributing to
an update, expansion, upgrade of the initial set of reference data under the control of subject matter
experts and data stewards. The compliance of nuclear RDLs with W3C standards should enable their
use in the industrial projects.
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The reference data including data models can be combined with data driven approaches, using Al
algorithms to efficiently improve the reference models and thus the predictions for decision.

8 Model-based systems engineering (MBSE) and standardized industrial models

8.1 Systems engineering and model-based systems engineering (MBSE)

Systems engineering deals, among other aspects, with the development of requirements, their allocation
to the items that are being designed and developed when these items are considered as part of a system.
The concdntration 1s on the system as a whole, as distinct irom the parts considered individually It
requires Verification that the design is properly built and integrated and how well the system meets|its
goals. MBBE is a methodology of systems engineering that focuses on creating and exploiting:domain
models as|the primary means of managing conformance to requirements. The digital threadis.a critiral
capability]in MBSE and the foundation for a DT.

A data plan for model-based system engineering is illustrated in Figure 5. Model-based system
engineeripg requires digital models relevant for the nuclear domain that also includé the representatjon
of properties.

| AP233_systems_engineering |

| Program_management + + System_modelling |

¢ l | Functional_breakdown+—
| Isspe_management | | Risk_management|

System.structure

@
| Project_management |

System_behaviour

Product_data

management
l l - & State_based_
| Organization_structure | i |Project_breakdown| behaviour
—| Work_structure | FunCtlon_.based
_behaviour
@

Decision_support

Justification —+ Activity_as_realized

| Verification_and_validation+——+ Analysis_assignment |

Produg¢t_management_
resoufce_information

| Requirements_management|

Figure 5 — Data plan for model-based systems engineering (MBSE)

NOTE Figure 5 source: Based on ISO 10303-233:2012, Figure F.2.

An example of how MBSE is differentiated from natural language-based solutions is given in Figure 6.
In this figure the following relevant fragments from ISO/IEC/IEEE 15288 are represented by means of
semantic modelling.

— Transform the stakeholder requirement-driven view of desired services into a technical view of a
required product that can deliver those services.

— Build a representation of a future system that will meet stakeholder requirements and that, as far
as constraints permit, does not imply any specific implementation.
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Define the required interactions between the system and its operational environment in terms of

interface constraints.

Define each function that the system is required to perform.

These fragments taken from ISO/IEC/IEEE 15288, can be implemented or interpreted by humans in
many different ways (depending on experience and skills) leading to interoperability problems between
parties involved in a project if there is no common agreement how to interpret these fragments
unambiguously. From these fragments the terms in the blocks of Figure 6 are derived, defined and
related to each other in order to capture the information in such an explicit way that one (and ultimately

co

'npnfarc) can communicate ahout the stated four Fragmnnfc of lQﬂI/IF'('I/TF'F'F' 15289 in 3
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Figure 6 — Information model built upon entities and relationships between them, together
representing the essence of the physical design process of a system

This principle can be applied on all 24 models described in the ISO/IEC/IEEE 15288.

8.2 Standardized industrial models

8.2.1 General

ISO 11354-1 identifies three approaches to enterprise interoperability to support MBSE: integrated,
unified and federated.
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An integrated approach features some common forms which must be implemented in the tools that
communicate with each other, i.e. changes or extensions in the vocabulary means a new software
version of the tools.

A unified approach features some common meta-model by which software tools can interpret
exchanged data unambiguously by respecting the meta data (mostly a shared data model and RDL).
Changes and extensions can be done just by changing the agreed model and or library without changing
the software of the tools.

A federated approach uses no common forms or meta-model, but dynamic accommodation/adjustment

in order te infnrprnf data received from other parﬁnc

In the int¢grated approach a common form shall be used to represent the exchanged entities ensuring
that thosg entities have a common syntax and semantics and are recognized in the same mahner|by
those ent¢rprises participating in the exchange. This common form shall be sufficiently expressivel to
capture those details that affect interoperability. The integrated approach is suitable when designing
and implgmenting new enterprise systems. In the unified approach a common meta-level structiyre
applicablg for the participating entities shall be identified and detailed. This<¢Structure is not |an
executablg entity, unlike the integrated approach that can be directly executable. Instead, it shall
provide a|means for semantic equivalence to allow mapping between entities! 'Using this meta-leyel
structuref a translation between the constituent entities is then possible. Hewever, that translation dan
involve thie loss of some information because the participating entities can‘have different extensions or
instantiatfions of the same meta-level structure.

Three stahdardised methods have been developed for product datd representation in order to suppprt
interoperability within and between enterprises:

— The I$0 15926 series;
— The I$0 10303 series;
— SO 16739-1.

The ISO 15926 series is an example of a unifiedapproach; the collection of standards in the ISO 10303
series is in example of an integrated approach. ISO 16739-1 is an example of a schema that uses
the geometry and topology model defined in the ISO 10303 series, but its other constructs are not
compatiblle with the ISO 10303 series:

8.2.2 190 15926 series

This document specifies agepresentation of information associated with the engineering, constructipn,
and operation of procé€ss~plants. This representation supports the information requirements| of
the proceps industry Gall phases of a lifecycle of a plant. It aims at the sharing and integration| of
informatipn amongst@@ll parties involved in the lifecycle of the plant.

The ISO 15926 Series is a standard for interoperability and the integration of lifecycle data. The purpg¢se
of the ISO[15926 series is to provide a common language for computer systems, thereby integrating the
informatibn-preduced-by-them-

ISO 15926-1 provides an introduction about how information concerning engineering, construction
and operation of facilities is created, used and modified by many different organizations throughout
the lifetime of a facility. The purpose of the ISO 15926 series is to facilitate the integration of data to
support the lifecycle activities and processes of production facilities as shown in Figure 7.
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Figure 7 — Activity model of the process plant life-cycle as defined in the ISO 15926

NOTE Figure 7 source: SO 15926-1:2004, Figure 1: Activity model of thelprocess plant life-cycle.

hin the ISO 15926 series, ISO 15926-2 is a core model pertinentto the domain of process j
oilland gas facilities. ISO/TS 15926-4 provides the explicit RDLsand definitions that are used
industry as reference data provided in a taxonomy of classes It'meets the entities of the dat
ISP 15926-2. The ISO 15926 series approach is designed to Support the retention and integrat
through all the phases of a process plant life-cycle from\conceptual design, through detail
cohstruction, commissioning, hand-over, O&M, to eventual decommissioning and site restora|

essence of the ISO 15926 series is to be able to-create an explicit and unambiguous datal
fil¢ between two parties that is based on a cominonly shared data model (based on ISO 1592
commonly shared RDL as defined in ISO/TS<15926-4). The software that creates this file ma|
an|information model that is derived from.ISO 15926-2, which can be seen as a meta-model
erences to the RDL to classify all entities contained by the exchange file for encoding the
fa of a plant. Input for this can be-‘any life cycle data from a process plant. Software that dg
change file, that can be a different’software, also makes use of the same information mods
brder to be able to process the received life cycle data in their own information managems

in Figure 8.

An
diffferent modelling niethodologies i.e.:

a)
b)
c)

[SO 15926-Z4S0 15926-8;
ISO/TSA5926-11;

IS0.15926-4.

information model that can be executable can be tailored for a project and can be baseq
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2) Under development. Stage at the time of publication: ISO/CD TR 15926-14.
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Figure 8 — Data exchange mechanism of the ISO 15926 series based on a refetence data library

The partg of the ISO 15926 series are like the parts of human speech. When any two people use {
5 of grammar and use the same dictionary, then they can communicate freely. This is the c¢re
of the ISO[15926 series.

same rule

Specifically, ISO 15926-7 contains what are called templates andis like a phrase book that allows n

users to

for the infegration of distributed systems. It implements the"Web Ontology Language (OWL/RDF) a
is like the|writing media. ISO 15926-9 is like a website onthe postal service.

ISO/TS

Schema.
of ISO/TS[15926-11 and was the method used/for the handover of the design of the Pallas reactor]i
Netherlan|ds (see Annex D).

8.2.3
The ISO

representption of engineering product data. It was the first International Standard to provide a me3
for interoperability between different engineering software systems in the same domain and to achig
sustainabjlity for the data’by specifying a digital representation that is independent of propri
software.

The prindipal feature of the ISO 10303 series is a generic model for the digital representation
engineeripg prodiict data and that is the core resource from which all applications of the ISO 103
series are|developed. Specialisations of the core model are called Application Protocols (AP) and h4g
part numbpets in the 200 series, e.g. AP242. Many APs have been developed to meet specific industr

ISIO 10303 series
1

(RDL)

cpnstruct a meaningful sentence a bit sooner. ISO 15926-8 provides implementation methg

1p926-11 described a semantic modelling' approach based on ISO 15926-2 using R
Van Ruijven[24] [25] has shown that the TSO 15926 series can be used for a MBSE by mes

0303 series is the initial)standard that was developed in 1984 by ISO/TC 184/SC4 for {
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needs and an AP is executable by converting the EXPRESS schema to C** or Java.

Supporting technology has been developed to support the ISO 10303 series and other ISO/TC 184/SC4
standards:

— The EXPRESSlanguage, ISO 10303-11 is an object-oriented computer language for the representation
of engineering information.

— EXPRESS-G is a graphical version of EXPRESS to show the structure of a model as a diagram.

— Data file formats that retain the structure of an ISO 10303 model:

28

[SO 10303-21 Plain text presentation;
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[SO/TS 10303-26 HDF5 Binary presentation;
[SO 10303-28 XML presentation.

ISO/TR 20123

Bindings between EXPRESS and computer processing languages - C, C **, Java.

Standardised data access interface (SDAI) to guide interface development.

:2023(E)

Directives for the presentation of documents to supplement the ISO/IEC Directives, Part 2.

A quality manual to support quality control and quality assurance of the standards.

Thle ISO 10303 series APs cover a wide range of capabilities for the representation of enging
nufacturing data and some of these are illustrated in Figure 9. The early stages of the dej
the SC4 technology were characterised by each major sector believing that they had a co

m43
of

requirements and an identity that were sufficiently different from others that there was a ju

to
for
int
sin
wh
sel

Th

develop an AP for their application. One result was a multiplicity of APs whieh were very

interchanges with systems in the same type of engineering application, but were nd
eroperable in some details, although they all used concepts from the gerieric core model. E
ce then has shown that there is a requirement for more interoperability between the APs y
ole product life cycle. The importance of the change to the extended-architecture of the
ies is that this interoperability should be easier to develop and toachieve.

e current strategy is to try to reduce the number of APs afid to include more capability

ong and to define mappings between them. The development/of AP242 as an agreed replag
th¢ separate APs for the auto and aerospace sectors and the'new version of AP209 are examp
stijategy.
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Figure 9 — ISO 10303 standards for model-based engineering
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8.2.4 BIM standards for the build environment

8.2.4.1 General

This subclause highlights relevant standards developed in the last decade in the context of the build
environment.

8.2.4.2 1S016739-1

2013 Industry Foundation Classes (IFC) for data sharing in the construction and facility management
industrieg, otherwise known as the BIM, has originally the equivalent status of an ISO 10303 APIlin
that it consists of an executable schema written in EXPRESS and it is developed for the particular
industrial requirements of the construction sector. It uses the geometry and topology model defined in
ISO 10303-42 of the ISO 10303 Generic Core Model. CAD software vendors for the construction domain
would haye had the experience of implementing this aspect of product modelling for applications of
IS0 10303-203, ISO 10303-214 and ISO 10303-242. Apart from this example of the ISQ110303 series, the
rest of th¢ standard has no relationship with the modelling or the semantics of IS® 10303 APs sinc¢ it
does not yYse the ISO 10303 series core model as the origin of the semantics. Thefreatment of materipls
and propqrties in particular is completely different from the ISO 10303 series:

However, the basis of ISO 16739-1 which is IFC from the building SMART &association develop more and
more in itfs own direction, disconnecting with the ISO 10303 series, and\is followed and driven by off-
the-shelf 3D CAD modelling software.

The BIM world is evolving quickly with respect to changing fram document centric to a data centfric
way of warking. Examples of two relevant BIM standards, e.g. in-Europe are EN 17412 and EN 17632

EN 17417-1 specifies concepts and principles to establish a methodology for specifying level| of
informatipn need and information deliveries in a cossistent way when using BIM. This document
specifies the characteristics of different levels usedfor defining the detail and extent of informatjon
required fo be exchanged and delivered throughoeut the life cycle of built assets. It gives guidelines for
principleg required to specify information needs. The concepts and principles in this document dan
be applied for a general information exchange and whilst in progress, for a generally agreed way| of
informatipn exchange between parties in\a)collaborative work process, as well as for an appointmént
with spedified information delivery. The level of information need provides methods for describjng
informatipn to be exchanged aceerding to exchange information requirements. The excharnge
informatipn requirements specify the wanted information exchange. The result of this process is|an
informatipn delivery. This document is applicable to the whole life cycle of any built asset, including
strategic planning, initial design, engineering, development, documentation and construction, day-to-
day operaftion, maintenance; refurbishment, repair and end-of-life.

8.2.4.3 [EN17632

The built |enviconment is the context of EN 17632. In the life cycle of buildings or infrastructure [its
assets ne¢d to _be managed across their entire life cycle, involving programming, design, building and
operation| (a9 defined by the ISO 19650 series), and the supply chain producing and delivering thgm.
Vast amounts of valuable data about them are created, communicated in a diverse range of formats and
data structures and often lost again. In order to manage the assets efficiently and effectively according
to the standards practiced in asset management (as defined by the ISO 55000 series), data needs to be
findable, accessible, interoperable end reusable (FAIR).

The world wide web consortium (W3C) provides so-called linked data (LD) and semantic web (SW)
technologies which can give data common form (syntax) and meaning (semantics), making data FAIR in
a vendor neutral fashion.

The aim of this document is to standardize the application of this technology for the built environment
in order to enable the data becoming FAIR. This document specifies how the construction and software
industries apply this LD and SW technology.
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This document addresses syntactic and semantic interoperability for information describing
assets going through their life cycle in the built environment. It assumes the underlying technical
interoperability provided already by the Internet/World Wide Web (WWW) technology-stack. The
syntactic aspects relate to the LD/SW formats and the SPARQL direct access method provided. The
semantic aspects relate to the LD/SW-based information models in the form of thesauri and ontologies
giving meaning to the information. This document specifies a conceptual Information language with
four RDF-based language bindings being SKOS, RDFS, OWL and SHACL. This information language
includes a choice of LD/ RDF-based formats and a generic top-level information model ("an upper
ontology"). The top-level information model includes a set of generic information modelling patterns for
identification, annotation, enumeration datatypes, complex quality/quantity modelling, decomposition,
anfl grouping.

8.2.4.4 IS0 19650 series

Thie ISO 19650 series is an international process standard for managing information over the whole
lif¢ cycle of a built asset using BIM. This series can be applied to all types of assets and by all types and
siZes of organizations, regardless of the chosen procurement strategy.

The ISO 19650 series provides recommendations for a framework to-manage information|including
exthanging, recording, versioning and organizing for all actors. It is applicable to the whole life cycle of
any built asset, including strategic planning, initial design, enginéering, development, documentation
anfl construction, day-to-day operation, maintenance, refurbishment, repair and end-of-life. It can
be|adapted to assets or projects of any scale and complexity,so as not to hamper the flexibility and
versatility that characterize the large range of potential ptocurement strategies and so as fo address
the cost of implementing this document.

ISQ 19650-1 outlines the concepts and principles foffinformation management at a stage of maturity
degcribed as BIM according to the ISO 19650 series:

IS) 19650-2 specifies requirements for information management, in the form of a management process,
within the context of the delivery phase of assets and the exchanges of information within it, fising BIM.

ISP 19650-3 specifies requirements for information management, in the form of a managemernt process,
within the context of the operational'phase of assets and the exchanges of information withipn it, using
BIM.

Other parts have been publi§hed or are currently being developed.

9 | Advanced methodologies and technologies for model-based systems
enigineering (MBSE)

9.1 General

Thle implantation of MBSE needs further efforts in developing methodologies to manage reqpirements
anflshare common semantics. These efforts will be supported and benefit from new technolpgies such

DII11AT AT skl 1o H ] ot £l £ ot VT
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9.2 Property modelling

The digital representation of properties is a thread that connects the three pillars of CM, requirements
and breakdown structure. The properties of products are described in ISO 10303-233 in the following
paragraphs where the concepts are defined in AP233.

A property is a named measurable or observable attribute, quality or characteristic of a systems
engineering thing. If it can be measured or observed, it is called a property. Properties have units,
values, variances, and probability distributions associated with them. They can be looked up in
handbooks of properties of standard materials, they can be calculated from the structure of the thing,
or they can be measured directly. In general, they are tensors and can be a function of time. Because of
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the multiple ways of arriving at a property and its values, it is important to have a reference document
that establishes the source of the information.

The International System of Units (SI) provides the most coherent system for expressing property
values with units that are used and endorsed internationally. Expressing properties using the SI is
recommended. Uncertainties associated with property values may be calculated in accordance with
JCGM 100.

Arequirement is a statement of a property that a system exhibits. The relationship to system is handled
by allocatmg the requlrement to the system that exhibits that property Thls formallty allows the
engineer t 3 3 S 3 .
fundamer
design pr
from" reldti

will be changed from time to time. It is critical to trace from a requirement that has changed to other
requirem¢nts impacted by that change, which on itself is subject of CM.

It is usefu] to distinguish among three kinds of properties. Structure is the description of how a system
decompodes into its parts and how the parts assemble to make the whole. Behaviour is what the systgm
does in r¢sponse to the things in its environment. This includes both desiréd)responses that satify
needs, and prevention of undesired responses (failures) that can cause ifjury, destruction, or ldss.
Physical groperty includes all of the measurable or observable attributes; qualities or characteristics
of an elerhent that cannot be observed in interaction with the envifonment. Additional instruments
or tools afe required to make the measurement or observation. Mass/can require a scale for weighing,
index of r¢fraction can require use of an optical instrument.

A physical property assigned to part has values. The value*can be expressed as a mean, a mgan
with varignce, a probability distribution or a histogrami(All of these values are a result of a set] of
measurements and analysis of the data. The value goées through a series of versions as the systgm
definition|evolves. The part is declared to have a required/budgeted value. The part can have a target
budget property value as a guide or target as designers consider alternatives. A part, as a whole, dan
have a calpulated property value based on an analysis of the properties, behaviours and interactiong of
its parts. When a part is built it can have a measured property value.

Other stapdards such as the [SO 15926 series and ISO/IEC/IEEE 15288 use slightly different definitigns
of these cpncepts.

The digitdl representation of a prépgerty of a product in the ISO 10303 series is specified in ISO 10303445
of the coile model that established the principle that the value of a published property depends |on
the conditions that applied @bt the time of the measurement, the data environment. Comparisons| of
property palues are only possible when the data environments of the values are the same. Property
values represented by 1SO 10303-45 can be characterised by their uncertainty and other factors. The
core modg¢l also includes the means to represent the chemical element composition of the product and
its interngl structure. ISO 10303-235 extends ISO 10303-45 to include the concept that the meaning
(semanticgk) of @ measured property is derived from the measurement method. The specification| in
ISO 10303-235,provides the resources for the representation of all of the actions and processes that are
used to mleasure a property, including the extension of the processes to derive design values from test
values as illustrated in Figure 10. The complete description of the whole sequence of processes enables
the origins of a measured property value to be traceable to the source. The property value also can
be represented by a mathematical function and by a table, a matrix and by a tensor. An application of
1SO 10303-235 to the representation of properties for NPPs has been described by Swindells.[26]

The complete semantics of a property and its value depends on a complex set of relationships that may
not be possible to represent completely by an information structure based on ontologies or triple stores
such as RDF. The behaviour of a product in a nuclear environment will depend on many influences that
may not be possible to reproduce in an external testing procedure.
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Thie importance of a process is that processes can be a fundamental influence on the prop
product and its life cycle. An information model for the specification of any manufacturin
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Figure 10 — High-level overview of ISO 10303-235 engineering properties and mat

brials

brties of a
g process

is flefined in ISO 10303-49 core model and a high-level wiew of a model for a process is illustrated in
Figure 11. This model is the basis of the description of\the stages in the sequence of procesges for the
mdasurement of a property in ISO 10303-235. The.umédel can be used for any process, and n¢t only for
mdasurement.
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Figure 11 — High-level information model for a process
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9.4 Semantic modelling of reference data

ISO/TS 15926-4 is an RDL that has been widely adopted as a standard for the terminology used in its
domain. It has also been an important feature of the adoption of digital methods in the UK nuclear
sector. The experience in Republic of Korea is that the RDL does not include items that are needed for
nuclear safety and the RDL does not include some properties that are important for structural integrity.
Therefore, for the wider adoption of the RDL as a component of a nuclear handover process further
development of the ISO/TS 15926-4 is needed to satisfy the requirements of the nuclear sector.

The ISO 13584 series parts library (PLib) provides an alternative standard for the representation of

terminology A4S0 at—eanb ab o oftware- B4 : OFFa
defined iy EXPRESS, which is specified in ISO 13584-42 and is common with the informationanofel

opment of ISO 15926-2 and the I1SO 13584 series began before the.development of the §W.
Now, the functions of a dictionary of terms can be achieved with the use of\the OWL and the Resource
ign Framework (RDF). OWL can be used to define the terms in-the EXPRESS schemas of the
informatipn models defined in the ISO 10303 series. The ISO 15926¢series now uses RDFS/OWL|to

ISO/TS 14926-8 provides rules for implementing the upper ontology specified by ISO 15926-2 and the
template methodology specified by ISO/TS 15926-7 into the RDF and OWL languages, including modgls
for referepce data specified by ISO/TS 15926-3 and ISOATS 15926-4, and for metadata. This includes
a mapping of the data model from ISO 15926-2 from its:EXPRESS format to OWL 2, a methodology for
creating an OWL ontology for the reference data in ISQ/TS 15926-4 and defines an OWL ontology baged

tance of knowledge representation for nuclear installations has been emphasised in the
nical Document 1919[%1] afid in the National Survey from Japan (Annex C). Knowledge dan
have diffdgrent interpretations but in’the context of this document it is taken to be information abgut
the items|in a nuclear facility,their history and their relationships to other items in the system. The
implicatign is that this knowledge has to be able to be represented in a digital form that is searchaple
to extractlinformation that.€an be transformed into knowledge. The previous clauses have shown hpw
digital infprmation on individual items can be represented. The systems engineering requirement is for
the adoptjon of a method for information about the whole system. One way in which information Ezr;as
been repriesented 4s\by the RDF that stores item information as a ‘triple store’ in a subject-predicalte-
object format. These triple stores can be managed in a graph database. Graph databases are designed
for depictjngtelationships (edges) between data points (nodes). Less structurally rigid than relational
databaseg, graph databases allow nodes to have a multitude of edges, i.e. there is no limit to the number
of relationships a node can have. Additionally, each edge can have multiple characteristics which define
it. There is no formal limit, nor standardization, on how many edges each node can have, nor how many
characteristics an edge can have. Graph databases can also contain many different pieces of information
that would not necessarily be normally related.

This technology was used for the representation of knowledge for the design of the Pallas reactor (see
Annex D).

9.6 Data quality

The concepts of quality assurance and quality control of digital information and data are the same
concepts of quality assurance and control as for any engineered product, namely, conformance to
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a specification in a manner that can be tested. These concepts have been documented in a series of
standards in the ISO 8000 series.

Information is defined by ISO 8000-8[27] as knowledge concerning objects, such as facts, events,
things, processes or ideas, including concepts, which has particular meaning within a certain context.
Data is defined as re-interpretable representation of information in a formalized manner suitable for
communication, interpretation or processing. Metadata is data that describes and defines other data. A
conceptual model is the model that describes concepts of a universe of discourse. Three types of quality
are defined in ISO 8000-8:

ictionary.

9.

Thiree-dimensional digital models of the'geometry and topology of a product are a fundament
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For example, a sentence in a natural language meets a requirement for measurable’g
conforms to the grammatical rules of the language and uses words defined and speltidc
the relevant language dictionary.

Semantic quality is the degree to which data corresponds to the information thdt they re
is the unique and unambiguous correspondence with the external objectsthat the data

For example, a sentence has to be a true statement. The measurement.of this quality 1}
match to the requirements of the external objects in the real world as wiewed through a ¢
model of this world. In product data technology the conceptual mddél is the information
a given engineering requirement that is standardized in the appropriate International St

Pragmatic quality is the degree to which data is suitable’and useful to those who use
the data must be understandable to the user. In applications of product data technology
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present. It
represent.
requires a
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model for
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them, i.e.
y the user

will be the computer system that is the receiver in a*¢ommunication and exchange prgcess. The

requirements are therefore to know if the computer. software application can use the dat3
by the data file that it receives and, further, to evaluate whether a software implementa
product data standard conforms to a completec@and accurate image of the conceptual md
standard.

f  3-D geometry and topology

provided
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modern engineering and play a major role in MBSE. An information model for geometry and topology

s standardized in ISO 10303-42, part of the generic core model. This core model has beg
reral APs, most recently intAP242, and has been implemented in most proprietary CAD
tems. The model from 1SO-10303-42 is also used in ISO 16739-1.
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91 Digital twin (DT)

fundamental . characteristic features of a DT are a physical object, a virtual representat
ect, the avatar, communication channels from the object to the avatar and from the obj
htar. This two-way data stream is termed the digital thread. ISO 23247 DT for manufact
v standard that provides guidance for the design of a DT that can meet the requirements fg
e key'aspects of this framework are illustrated in Figure 12.
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Figure 12 — Framework for a {&gﬁal twin (DT) for manufacturing

Successful applications of this framework ‘é\\@been demonstrated by three use cases. One of these yse
cases is ilJustrated in Figure 13. The observable manufacturing elements can be either any operatfon
or sensorf and the principal contro ormation flow can be managed by other standards that dan

represent|processes other than ma@ ing.
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Figure 13 — Typesofobservable manufacturing elements in the reference architecture of the
ISO 23247 series
9.9 Longterm archiving (LOTAR)
Anl important feature of information management for the nuclear sector is the requirement for long
tem-yetention of the data, effectively forever for the management of nuclear waste. A njethod for
archving digitat data stroutd therefore be a fundarnmentat part of the Mmamnagement of information for

a digital ecosystem and of MBSE. The problems arising from legacy data were identified in several
national surveys.

A framework for the archiving of digital data is described in ISO 14721[28], The framework identifies six
stages in the archiving process:

a)
b)

)

©lI

Ingest: input data records plus metadata to enable them to be found in the future.

Data management: editing and quality control of the input. Quality management requires

conformance to a specification.

Storage: physical storage, including back-up and migration to new media when required.
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d) Preservation planning: ensuring that that the data is not just a stream of unreadable digital bits
when future access is required, and the originating software and systems are no longer available

e) Acces

s: finding records in the archive and distributing them to appropriate users.

f) Administration: 0&M of the archive.

The requirements of stage b) can be satisfied with the specifications defined in standards developed by
ISO/TC 184/SC4. Stage f) requires that the digital representation should be independent of proprietary
software. Avoiding the problem of legacy data can therefore be achieved with the preservation of both

to
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me
to
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for

the semantics and the syntax of the data representations in standardized models from standards
developed by ISO/TC 184/SC4.

This subjgct also is strongly related to record management as described in 7.1.

9.10 Altérnative methods, standards and tools to be explored

The nuclgar industry, as in many industries, is facing a multiplicity of models ahd standards
implemenit a full MBSE.

The nuclepr ecosystem is also facing challenges to integrate legacy data repositories and applicatic
for the efficient management of the defined use cases in a context when there are many exist
standardq, and new ones developing with the [1oT and the implementatjon’of the DT.

To overcome these challenges, the nuclear industry needs, on one hand, a sustainable approach to ta
this diverpity in the long term, and, on the other hand, to adapt.to new business requirements and
new technological capabilities, which are changing quickly.

For futur¢ standardization works supporting the digital auclear ecosystem, keeping an open mind
is important to leverage possible new approaches to_ifitegrate data from heterogeneous models a
to benefit/ from the future specifications produced_by-initiatives of the industry of the future e.g. {
specificatjons of the Asset Administration Shell of Industrie 4.0, completed as necessary by spec
requirem¢nts for a use in a nuclear context.

10 Proposed strategy and high-level road map

10.1 General

This clauge gives proposals forythe scope and objectives for a future Technical Report for an NDE.
This clauge gives the mainlines of a strategy and high-level roadmap, which will need further work
the identification of the steps to accomplish the vision described in this document.

The key topics include the following:

— Futurfe guidance / standards for an NDE should

— define a clear strategy and roadmap for adoption,

— define a clear business case for adoption of NDEs,

— b

e based on four key pillars:

— configuration management (CM),

— requirements management,

— breakdown structures, and

38
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— reference data management,

make use of MBSE approaches,

from other industries,

include a strong, simple, and shared framework,

In addition, the future NWI should consider inclusion of

data formats for common asset types in the nuclear industry to improve efficient
interoperability.

Establishment of a clear summary of the standards and guidance relevant to digital e
would allow clients and suppliers to more quickly identify the standards and guid
exist and identify where there are options to consider.

A definition of how the distinct information requirements felated to highly s
equipment for the nuclear industry can be met.

mechanical, electrical) involved in the nuclear industry. is also critical. This fact is

The integration process of the shared information depends on the structured set of d
is practically achieved by using standardized breakdown structures.

.2 Proposed strategy

e strategy should be defined according to thediigh-level requirements and generic use cases
b.6 and based on the structure of the ecosystem of actors and means to implement the req
nagement throughout the lifecycle.

bakdown structures of the plant according to different aspects, functional, product, loc
uld support the organization of the data and their computation for human decision.

bperties play a central role from the expression of requirements to the health mo
lipment, thus, the représentation of properties according to standards is a key need for

ecificities of the nuClear industry as safety classification of equipment or properties lin}
ysical and chemical processes involved in nuclear processes, their operation and control.

T

set of linked breakdown structures of the plant is the basis for the alignment

stgndardization of the processes and also for the implementation of management methodolog
to planning, cost control and scheduling.

T

%
Justry, which should @nalyse existing standards on property representation in order to ide

:2023(E)

make full use of the significant volume of existing standards, guidance and methods available

— Establishmentof acommom informationr stamdard setting out the informmatiomr Tequired and

y and aid

fosystems
ance that

becialized

A definition of how best to integrate the many differentidisciplines (e.g. civil, architectural,

supported

by the emphasis on the systems engineering for nuglear facilities described in this document.

hta, which

described
hired data

ation, etc.

toring of
e nuclear
tify some
ked to the

with the
esrelated

context of implementation of the strategy, which for a new build, is a plant in operation or in

dismantling, will impact the tactical approach and the organization of the feedback from these different
contexts of implementation.

The strategy is to launch a process of standardization whatever the type of facility and whatever the
phase of the lifecycle, following the same conceptual framework developed in the 10.3, with sharing of
the feedback and of the respective requirements of the actors.

The projects of refurbishing existing plants either to extend their life span or to fulfil new requirements,
or both, can be the opportunity of standardization activities in implementing new approaches supported
by DT technologies with clear safety improvements and economic benefits in the refurbishing phase
and subsequent phases of operation and dismantling.
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New build (e.g. of an SMR), is an opportunity to implement advanced methods and tools from the
beginning of a project with a handover of the created knowledge in design and construction phase
of what will be useful for advanced ways of operating and maintaining and dismantling. This will be
supported by new skills in client and contractor organizations. A roadmap for developing these skills
should be provided in order to make this change feasible.

Dismantling projects and exceptional site cleaning projects will be the opportunity to implement a
specific data model to support the corresponding activities and to identify the value of data produced
in previous phases of the lifecycle of a plant (e.g. design data, 0&M historical data). Standards will have
a great impact on the safety and cost of corresponding operations and of management of the generated
waste to redisposed:

The viability of the vision given in this document is mainly related to two parameters:

— The return of investment (ROI) of the standardized principles, methods and tools propased for the
implementation.

— Thecollective abilities and individual skills of the actors involved in modelling and in using advanged
technplogies to address their business needs.

To this enfl, a focus on the following priorities is suggested:

— Defing a structured roadmap with standardization activities regarding new build, currently
operadted plants, shut-down plants, plants being dismantled.

— Propgse a methodology to generate breakdown structures,.with an illustration for a PWR power
plant] which will be helpful to identify which standards of properties representations are needed
and which kind of formats should be specified to support specific processes and be available for
more|generic processes.

— Specificallyanalyse the situation regarding the knéwledge and requirements currently in documents
or various data bases to assess the means in.order to make them available through, for instanice,
advariced methods in NLP or in data and applications integration with the validation and decisjon
by digcipline and safety experts. Define.the abilities and skills of communities needed to carry gut
the aqtions described hereabove.

A separate roadmap should be defined'to sketch the internal and external stages of maturity to be aple
to executq the standardisation activities.

The prop¢sed programme is based on the intertwined four pillars described above in this document
and is buginess oriented. It.isJTan ambitious program, which can be realized by phases and thanks| to
opportunities to address.the identified priorities. Its funding is to be decided by the main industiyial
nuclear stakeholders after assessing its value for the considered projects. Its full success will [be
conditioned by the sharing of the lessons learned at each step of the lifecycle by all the actors of the
ecosystenp.

10.3 Strzlltegic structured roadmap for future standards development

10.3.1 General
The future work items for developing NDE standards are grouped into three major categories:

— A strong, simple, shared framework based on the main concepts of systems engineering and on the
four pillars to enable MBSE.

— The methodology of application.
— The technological guideline as depicted in Figure 14.
A specific effort will be needed to share principles, methods, and tools to share knowledge and manage

requirements in a digital environment.

40 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=da6ad1676d837d27fd7709a7496cace6

ISO/TR 20123:2023(E)

A strong, simple, and shared conceptual framework will be defined in the first category to comprehend
all relevant concepts and issues that facilitate a common understanding of the NDE.

A set of management methods, technical methods, and viability measures in terms of the value chain
will be then specified in the second category based on the framework. Priority in identifying these
methodologies is given to the most influencing business functions to boost industry implementation.

Finally, in the third category, practical guidelines to implement the methodologies will be published. The
guidelines can promote the practical implementation of NDE standards and other existing standards in
a collective and harmonized manner.
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Figure14 — Roadmap for digital ecosystem standards

10.3.2 Strong, simple, shared framework
It is essential todiave a strong, simple, and shared framework in order to:
—| identifyand share a mutual understanding of the business objectives;

—| develop a methodology to apply this framework to the specific current contexts of the sfeps in the
lifecycles:

— propose practical guidelines and roadmap to boost the practical implementation of the standards
adopted for the NDE.

Many nuclear industry standards specify engineering subjects or data issues. Nonetheless, nuclear
facilities within the ecosystem have a pragmatic value-chain in which the facility owner-operator and
all other participants interact throughout the life cycle from the planning to the decommissioning.

Therefore, effectively facilitating the information exchange in the nuclear ecosystem will be enabled by
a high-level conceptual framework encompassing all relevant issues to share a common understanding.
This framework can provide a shared starting point to implement existing standards further
collectively. It also allows distinct requirements of the nuclear industry to be specified.
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This framework of the NDE will specify a conceptual model of components and relationships that
represent information requirements to facilitate data exchange and sharing across the nuclear
ecosystem in a structured and automated manner.

10.3.3 Methodology of application

The fundamental methodology for information exchange in the NDE defines areas of standard
applications based on the NDE framework. The methodology has three main components: management
method, technical method and viability.

The first ¢ompomentof the Tmamagement method s a vatue chaim that creates amd detiversinformation
within the¢ ecosystem. Examples of nuclear industry functions include system engineering, requirement
managemgnt, CM, performance management, operation management, and reference data mandgement.

Secondly, [the technical method is a tool or mechanism that supports the management anethod. NDE
technical methods can include breakdown structures, classifications, high-level ontology, and collectjve
skills.

Finally, tHe viability addresses the practical effectiveness in implementing NDENnformation sharipg.
Procedurg¢s, rubrics, and indices measuring the effectiveness can provide ditections to improve NDE
standardq' implementation. The maturity index or capability index are the.examples to be developgd.
This issu¢ of viability can also identify insights for the standard deyelopment efforts. Priority|in
identifyinjg standard methodology is given to the most influencing areas of the real-world practice.

10.3.4 Technical guidelines

Defining guidelines for the NDE is a complicated task. Therefare, a top-down and goal-oriented approach
is planned first to comprehend all related issues. Based ‘on the defined framework and methodology,
technical guidelines will be developed by specifying how‘to implement them.

Technical|guidelines include properties, reference data, standard operation procedures, guidebooks,
and templates required to communicate specifically within the NDE. Strong emphasis is given to the
concretenfess and practicability of these technical guidelines to support industry implementation.

A challenge will be to take care that comparies. using the legacy systems of today and which are mostly
used to a flocument centric way of warking, can identify which steps to make in their specific situatjon
and specific stage of maturity.

10.3.5 Fuyiture work items

The strat¢gic roadmap for<future work of the NDE, as depicted in Figure 10, focuses on the followlng
objectived to better promote industry implementation:

— information exchange standards based on unique managerial requirements of NDE;

One of the unique characteristics is the homogeneity of limited stakeholders in NDE, as opposed to the
fragmented nature of the general construction industry. It makes it challenging for the nuclear industry
to implement global standards.

Available standards are industry-wide (e.g. the ISO 10303 series) or sector-specific (e.g. the ISO 15926
series) from the perspective of facility-specific requirements. Some other existing standards are ICT-
based models (e.g. ISO/TS 18101-1) regarding business management requirements. As a candidate
measure to address these limitations of existing standards, this document has derived the inference
that a systems engineering approach focused on safety issues is an integral part of the highly regulated
nuclear industry. In this context, NDE standards pursue providing facility-specific solutions based on
ecosystem business issues with management methods.
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Among those facility-specific solutions, selected high-level physical components must be specified with
the standard identifier (e.g. reactor and pressurizer). These identifiers are used extensively in everyday
practice worldwide. Despite the significance and necessity of these identifiers, no comprehensive
global standard currently exists. Common identifiers can be used by a variety of applications, including
project numbering systems, breakdown structures, as well as properties for various transactions. The
selection of major standard components will be based on effectiveness evaluation to boost industry
implementation, as it is difficult to specify a massive number of the components.

The NDE-specific features coupled with management methods enable machine-readable and
information-rich sharing. One good example is a numbering system (e.g. turnaround work items) that
ust i i i i i umbering
Sy existing
ind n various
dis bnt) to the
IS( nt issues),
etd.

tem, a wide range of datasets and documents can be exchanged. It also facilitates usin
Justry-wide or sector-specific standards collectively to include all components$. fror
ciplines. For example, a numbering system can combine the NDE standards (NPP,equipmsd
15926 series (process elements), [ISO 16739-1 (building elements), ISO 21500, (manhageme]

10.4 Orientation for managers and practitioners of the nuclear/industry

10.4.1 General

Th
ch

e nuclear industry as a modern and advanced industry is i .the front line to solve intergperability
hllenges faced by other industries.

Thiis challenge will be addressed at the same time-<at the organizational, methodolo
teghnological levels.

bical, and

with the
on energy

e nuclear industry has intrinsically the specific features of an industry of the future
organization of the recycling, the reprocessing efburnt fuel and its ability to produce low carb
of the future in amounts which correspond ta\the needs of the global population.

data, information and knowledge produced throughout the phases of the lifecycle of
fadility will be made available to all:the actors when useful for the safety and economic pe
anf to enable the implementation of the circular economy principles for the whole nuclear ec

It fis recommended that thoSe‘active in the nuclear industry rely on the basics for a

a nuclear
formance
bsystem.

buccessful

advances
zations of

intleroperability of the ecesystem to lead conceptual, methodological, and technological
fodqused on practical benefit of interoperability of the processes crossing the various organi
their ecosystem.

e following subelauses intend to bring some light on the way forward in the context of the nuclear

hlirements
ity.

Systems engineering brings a common conceptual framework to diverse systems. Req

dll U %

The importance of the relations between sub-systems, emergence, and submergence of properties from
one level of system to another one, diversity of the systems and of their specific laws should be familiar
to those involved in the nuclear sector.

Moreover, the concept of system is also fruitful for developing information systems and for the
understanding of an organization, in this case the ecosystem of the actors involved in the complete
lifecycle of a nuclear facility.

The culture of safety in the nuclear ecosystem is a strong asset with safety requirements management,
its strong principles shared and concretely implemented by the nuclear community at the physical,
informational, and organizational levels.
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The effort should be focused on the meaning of the requirement for understanding what a generic
requirement is and how it can be made formal to take the greatest benefit of the computability of formal
requirements. Practically, this will be a clear lever for investment made in information management.

This mindset will operate and be fruitful throughout the lifecycle.

A common framework of understanding of the physical system, of the information system and the
ecosystem will be of great benefit to deeply map the corresponding structures and their synchronized
transformations.

This fram

ework should be easily shared by the manufacturing and construction domains and will

be

helpful to

10.4.3 Methods and knowledge representation

Standardi
be reused|

Economy
accessibil

The stand
componer

In a digit
external §

Industrial
standard
requirem

The nucle

define common core terminologies and reference architectures.

zation is the core methodology for industrial efficiency and standards gather‘knowledge|
and created in the projects.

of nuclear industry as for other industries is driven by standardizatien and by knowlec
ty.

ards of industrial data will reflect the standards of physical nuclear systems, structures, a
ts.

bl ecosystem, the main challenge will be the availabilibyvof the knowledge in internal
tandards Machine Accessible Readable and Transferable (SMART).

projects in the aerospace, automotive, construction and oil and gas sectors are develop
models and reference data libraries which will offer standards as a set of computa
ents, which support the automation of many tédious tasks of managing data and their qualj

hr industry should benefit from all these.advances, complete them as necessary to consider

to

ge

nd

or

ng
ble

ty.

its

specificities, and has strong interest in the interoperability of these models and reference data libraries.

10.4.4 In

Hopefully

various d¢gmains and dealing with-speécific contents.

The devel
all the pay
connexior
for the orf

Semantic
explored
combined

hpact of digital technology on standards for the nuclear ecosystem

technology and technological standards will enable the interoperability of standards fr

bpment of the I1oT, the dvailability of standards to link data fit with a distributed knowledgg
ts of an ecosyster, where each actor has responsibilities in its own domain and supports {

of the physicalsystems and the information system for the proposals of the best decisid
panization inléharge.

technologies, already used in advanced industrial projects in process industries and be
for nuclear knowledge management,[22] need further work to benefit of all their potent
with [I0OT standards.

in
he
ns

ng
al,

The efforts made during past years and the lessons learned from the implementation forum, from the
feedback of projects such as CFIHOS[2Y] for digital hand over of data, DEXPI[31] for exchange of P&IDs,
READI32] on formal requirements as well as other initiatives in manufacturing and construction, will

benefit to
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nuclear industry as a confirmed industry of the future.
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Thee following IT systems.are in general use. In almost every area, there are endeavours to im

de
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A.[l Background

wver industry in the world for the time being. As of June 2021, mainland China has-50'nhucle
unjts in operation and 12 units under construction, Taiwan has 4 units in operation and
fommissioning. Major 00 in the nuclear power sector in China are:

ISO/TR 20123:2023(E)

Annex A
(informative)

Nuclear power in China

na has a very comprehensive nuclear supply chain, and a well-recognized fastest growing nuclear

China National Nuclear Corporation - CNNC
China General Nuclear Power Group - CGN, formerly the China Guangdong Nuclear Powel
State Power Investment Corporation - SPIC
China Huaneng Group - CHNG
Taiwan Power Company - TPC
jor nuclear reactor types owned and operated by these OO are:
CNNC - CNP-300/600, CANDU 6, VVER-10004£1200, CPR/ACPR-1000, M310, AP1000, Hual
CGN - M310, CPR/ACPR-1000, EPR-1700
SPIC - AP1000
TPC - BWR-6, WE 312 3-loop

her reactor types in operation or under construction include: CAP1400, HTR-PM, HTR-
FR, EAST.

yelop domestic or.in-house solutions, particularly in the areas of management and general tg
Ftware for the creation of assets include:
Geographic information systems (GIS) - Super Map GIS (domestic)

Cemputer aided engineering (CAE) - EDF,and Westinghouse, calculation software packagg

Ar reactor
P units in

Group

bng-1

10, CARR,

lement or
chnology.

, NESTOR,

ANSIS, Flowmaster.

Computer aided design (CAD):

— 3D Plant design - PDMS, E3D, PDS, SP3D

— Process: AVEVA Diagram, SP P&ID

— Electrical and control - EB, SP Instrumentation, CDMS (in-house)
— Civil and structure- Revit, Tekla

— Mechanical - NX. CATIA
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— 3D plant design review - Navisworks, T-Plant (domestic)

— Scheduling - Primavera, MS Project

— Material management - AVEVA ERM, SPM, SAP

— Product or Plant Lifecycle Management (PLM) Design Collaboration - Teamcenter, ENOVIA

— Project management - ENOVIA, SAP, IFS Foundation (in-house), ENPower (in-house)

— Commissioning - Teamcenter

— Digite
Software

— Enter
(retir

— Many
for ex
reliab

— Histo
— Sched
— Digite

— Mastg

1 handover - CNET (in-house), PIMCentre (domestic)
for the O&M of assets include:

prise Resource Planning (ERP) and Enterprise Assets Management (EAM) - SAP/Ventyx,
ng)

in-house or domestic solutions have been implemented or developed around ERP, EAM, e
hmple, in areas such as Business Intelligence (BI) and Enterprise Seryice Bus (ESB), equipm
ility, experience feedback, ageing management, exposure monitoring

Fian (Supervision Information System (SIS) is the term normalljyused in China) - PI
uling - Primavera, MS Project

1 Thread and PLM - ENOVIA, WIZ PLANT (domestic)

r data - ENOVIA, SunwayWorld MMD (domestic)

A.2 Sta‘[e of the art

Many digi
with the n
infrastrug
network,

al concepts have been introduced into the nuclear industry in China. They also need to al

ture include industrial artificialintelligence, industrial internet, internet of things on the
rloud computing and so on. These new concepts are mostly piloted with either domestic or

house sol{itions.

Those dig
as materid
on. Other

— Intell
— Digitse

— Know

tal solutions include the ZHONG TAI (middle-desk) that provides packaged data services st
11, work orders; Blockehain technology is used for personal exposure data management and|
digitalization projects include:

gent constraetion for safety and security;
1 Hualong for digital handover of Hualong-1 NPP;

ledge'graph for the digital supply chain, experience management;

FS

kc.,
ent

gn

ational digital transition strategy-New Digital Infrastructure’. The concepts in the new digital

5G
in-

ch
SO

— Intelligent documentation;

— Remo

te diagnostics;

— Machine learning for equipment failure analysis;

— Electronic fence with location base service (LBS) and big data for proactive safety;

— Digitalization of operational procedure with mobile implementation on 5G network;

— 6D simulation consisting of 3D plus time plus resource plus environment for maintenance activities

in hig
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h radiation areas.
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The digital transition endeavour is generally led by a ‘Leading Group’ of the company. OO generally have
a Chief Information Officer (CIO) who has operation or maintenance background and a ‘Data Section’
under the IT department.

A.3 Gap analysis

There is a different focus for data between EPC and OO, particularly on engineering data. Engineering
data are important for OO but are normally used less frequently compared with EPC. Thus data tends to
have poorer maintenance during the O&M phase.

There are data quality issues, particularly with master data. Many interoperability issues ai

da
to-

Thi
ind
be

fa quality issues. Due to poor data quality, machine-to-human interfaces are used instead-of
machine interfaces in many cases.

ere is a reliance on point-to-point interfaces rather than the use of a unified data standard.
lude the interfaces between civil and structure design software and planglayout design
fween EAM and ERP, between scheduling software and management software.

T

IS
ca
di
re
S0

M4

re is lack of support for the ISO 15926 series from key software yendors for EPC and

15926 series, the core interoperability standard for the process industry, provided
ability of information interoperability architecture, with different implementation meth|
erent parts. However, the ISO 15926 series has not gained,eneugh popularity in live pro
son is that the different implementation methods sometimes‘confuse the industry. Too ma
etimes mean no choice.

ny interoperability issues are also actually technical issues, particularly when an 00O

e actually
machine-

Examples
software,

D&M. The

essential
ods by its
jects. One
hy choices

has a few

different types of reactors. Many front-line people regard digitalization as a burden, as their afims are to

ha
md

A.
A

res
idd

ye more intelligence to relieve their workload, but digitalization only increases their work]
ment.
4 Recent significant achievements

China Energy Standard (NB) far NPP O&M Data Requirement is under development, b
earch report approved in 2018, Table A.1 and Figures A.1 to A.3 are from the research r

oad at the

hsed on a
bport that

tity

ntify the relationships betw#ween NPP O&M data entity and the ISO 15926 series entity.
Table A.1 — Relationship between NPP O&M data entity and ISO/TR 15926-14 en
NPP O&M data entity ISO/TR 15926-14 entity
Structure, System, Component (SSC) FunctionalObject
Material PhysicalObject

O&M Personnel Person
O&M Activities Activity
Measured Data InformationObject
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ISO 15926-14
Thing
[}
ISO 15926-14 ISO 15926-14
Activity Object
[
[ | |
ISO 15926-14 ISO 15926-14 ISO 15926-14
PhysicalObject Organization FunctionalObject
L|A
Company
NPP
Work Item | System J FEG? L
Equipment List
Equipment /
I_: Structure
Component ~-‘ UTC? —
— Material BOM ¢
a2 FEG: Hunctional Equipmént'Group.
b UTC: Unique Tracking Gomponent.
¢ BOM: Bill of Material:
Figure A.1 — Model of NPP breakdown structure

48 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=da6ad1676d837d27fd7709a7496cace6

ISO/TR 20123:2023(E)

1SO 15926-14
Thing
| 15015926-14 [— 1SO 15926-14
Activity Object
IS0 15926-14
FunctionalObject
I
Equipment
Work Request PM2
'}
Change | M Project
wob ~/—|— > Template WO
 _ Template WO
Tagout WO Task > Task
— Permit
a | PM: Preventive Maintenance;
b | 'WO: Work Order.
Figure A.2 — Model of work order
GB/T 32575-2016 is China National Standard (GB) for Power Plant Engineering Data Handovejr that will
coyer nucleal ‘power. The following diagram from GB/T 32575-2016 indicates handover information
anfl poweér plant identification coding from GB/T 50549-2010, similar to ISO 81346-10, in relation to the
[SQ 15926 series.
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ISO 15926 series elements in the China national standard for Power Plant

ndover

the Fuging NPP and of units 3 and 4 of the Tianwan NPP.

A.5 Perspectives

All key nuclear power players have a plan and organization for digital or smart or intelligent NPPs. DT is
considered as a key technology for digital transition. There are discussions on whether a DT will focus

on CAE and simulation or focus on the digital thread.

50
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There is convergence of informatisation and industrialisation in China. Several related China National
Standards have been published and corresponding certification system has been developed. Almost all
key nuclear power players in China have been certified.

The interoperability approaches by ‘old software’, such as ERP, EAM and PLM, and the ‘new software’,
such as ZHONG TAI (middle desk)’ are different. The new software does not generally model data
following the ‘traditional’ way by the use of current international industry standards.

A.6 Mid-to-long term view

Nulclear power is the key to peak emissions by 2030 and carbon neutrality by 2060 imChina. It is
estimated that nuclear power capacity has to increase by seven times by 2050 in China te achjieve these
taggets.

Tolsupport the China National Strategy for digital or smart or intelligent NPPs, the National Dey
anfl Reform Commission issued the 13th Five-Year Plan for energy technologynnovation, prgposing to
foqus onresearch for the smart operation of the nuclear power infrastructure;The National Dey
anfl Reform Commission, the Ministry of Industry and Information Technglogy, and the Natior
inistration have jointly issued the ‘Made in China 2025 -Energy Equipment Implementaftion Plan’,

A

pr
Co
an
Re
"G
pr
ma

A.

pposing a breakthrough of nuclear power equipment smart mandfacturing technology.

intelligent platform to support the safe operation of nucleaf,power. The National Develof
form Commission, the Energy Administration, the Nucleat Safety Administration jointly

hidance on Further Strengthening the Safety Management of Nuclear Power Operations”,
bmoting new technologies such as informatisation, intelligence, and big data in operation 3
nagement of nuclear power.

7 Standardization strategy

Thiere are needs to have solid use cases.and examples of the use of the ISO 15926 series

sta
me
us
on
sta
to

oY
an
of

tog
sol

ndards for NPP data representation, The nuclear industry has more balanced content: civil,
chanical, E&C, piping. Though it is.ideal to have a ‘common language’ for an NDE, it is not p
e just a single standard for all diseiplines throughout the nuclear facilities lifecycle. Howe
fology standard is essential g, achieve a minimum level of interoperability. The relatively

start with a relatively( simple scenario and small coverage, gain popularity first, ther
rerage with more complexity and more advanced technologies such as the SW. The ISO 15
 other standards.should be promoted to key vendors of software for 0&M. There is an e
h unified and easy-to-use set of the ISO 15926 series rules or constraints on semantics
fether with a¢ommon, simple nuclear RDL similar to CFIHOS as part of a nuclear ontology,
ve some sifople but real interoperability use cases first.

Felopment

relopment
al Energy

The State

incil has issued the ‘New Generation Artificial Intelligence Dewelopment Plan’, proposing to build

ment and
ssued the
requiring
ind safety

and other
structure,
ractical to
Uer, a core
buccessful

ndardization approach demonstrated by ISO 16739-1 can be taken as a reference. It is recommended

increase
D26 series
pectation
br syntax,
to help to
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Annex B
(Informative)

Nuclear power in France

B.1 Ba¢kground

According to the IAEA Report,[33] in 2019, in France, 58 PWR reactors were in operation, A\BWR is
under construction and 12 were shutdown. The 2 PWR 880 MWe reactors of Fessenheim were‘stoppged
in 2020.

The experimental NPP of Brennilis, moderated with heavy water and cooled with carbon diox|de
(HWGCR)|was shut down in 1985. This nuclear plant marks the first decommissioning of a complete
nuclear ppwer station in France. EDF and CEA announced their intention to make this a transparent
process s¢ that it can be used as a model for future decommissioning operations’at other plants.

Superphéhix (Fast Breeder - SFR) is on the dismantling path with work on'the vessel.

The dism4gntling of the Research Reactor Ulysse, at Saclay, was finish€d)in 2020. France has restructuied
its civil nuclear sector and deploys projects for several kinds .of{power stations: SMR (fast breeder
50 MWe apd PWR 160 MWe), ATMEA (3 loops EPR 1 000 MWe), EPR (1 600 MWe), EPR 2 and has studied
a 600 MWe fast breeder (Astrid).

France is plso hosting the ITER [34] project and delivers major components.

For aging|study, EDF, Electricité de France, has built the VeRCoRs,[3536] 1/3rd-scale reactor building
which bedomes a test laboratory.

Final disgosal for long life waste by the Inddstrial Centre for Geological Disposal CIGEOI3Z] is on the
way.

Dismantlirg activities are undergoing-industrialization processes.

Fuel manyifacturing and reprocessing made significant progress regarding accident tolerant fuel gnd
improvenjent for U5 fresh fuel (EATF fuel assembly with a first loading in the USA) and MOX fuel plants
performance.

The sectdr's restructuring has a good indicator: the setup of the French Group of Nuclear Enengy
Industry, |Groupemefit-des Industriels Francais de I'Energie Nucléaire (GIFEN[38]) which contributes
with the gxisting fietwork of professionals already organized in different French regions and federated
within the cluster Nuclear Valley Association. The French Nuclear Society for Science (SFEN) is still
active to rpaintain a high level of expertise and share knowledge.

Difficulties encountered in the construction phase of the EPR projects demonstrated that the French
supply chain suffered from the lack of projects over the past 20 years with skills, competences, and
know-how issues in welding, handling, building erection, large project management with evolving
regulation (ESPNI[32]). This must not hide the performance of nuclear engineering and operations, since
the Taishan 1 EPR, e 1 750 MWe plant got the best availability factor for year 2019, followed by PWR N4
Civaux in France - above 80 %.

COVID and the containment period have shown a good resilience of nuclear power supply due to
good decisions and adaptation from operators and reactivity of NPP Services companies which have
to deliver services under new constraints, providing a framework of innovative solutions for service
continuity during outage.
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The challenge for the French nuclear industry is to still improve its economic efficiency for carbon-free
power generation without any compromise to safety. Several topics can contribute to this target:

toward young workers;

component standardization;

system engineering;

skills and competencies and training including the attractiveness of the nuclear industry directed

knowledge management including access to external experts and cross-generation mentoring;

new instrumentation and control technologies);

operational excellence in all practices: engineering, manufacturing, largecproject, o
maintenance, dismantling.

Di
ne
an

bital transformation remains a key enabler for all of these topics. Digital tfansformation is
fwork and infrastructure, software, data, cyber security, standards, intellectual property,
l the related impacts in terms of governance and operating model.

For each of these aspects, sovereignty is at stake.
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.2 State of the art

Ch major stakeholder in France (EDF, Orano, CEA, *Framatome, Technicatome, Andra) h3
ital transformation program covering the whele nuclear lifecycle: engineering, new
talled base modifications, manufacturing, erection, services, including operations, comn
l dismantling. Complementary to those programs, GIFEN is setting up a digital program fq
laboration within extended enterprise concept and interoperability pre-requisite.

Digital continuity is then a major topic internally for each company and also for the ecosyst
fupdamental standards such as the ISQ)15926 series can contribute to ensure interoperabilit

MUDU data model(#041lto manage all the engineering data for the EPR project. For instancg
activities have not been addressed by any standard yet. A GIFEN project, eDRT,[#2 for electr
Pafrkages (eWPs) is currently-addressing this point in the domain of reactor maintenance. A
befomes a data structure,-usable by different devices, such as paper or web applications (e
smjartphone, laptop).

Digital continuity isthen a major topic internally for each company and also for the ecosyster]

Digital managément of safety requirements are now centralized in a unique collaborat

digital" platform for all stakeholders, e.g. regulations and safety authorities, testing, inspg

o dimensions but are not coverihgall business activities right now. EDF developed in early

R&D and collaborative project on challenging topics (e.g. new materials, additive manulfacturing,
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Blockchain is under testing between EDF and Framatome, for instance, for data source authentication

and traceability for tamper-proof recording of tests results on materials.

COVID containment has shown that any digital collaborative tools were more than welcome: VPN

connector increased sharply as an enabler, web-based applications, mixed reality or i
applications and remote monitoring and expertise.
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B.3 Gap analysis
The main issues are related to performance:

— How to improve effectiveness with digital continuity across the physical flow of materials in a plant
or with customers?

— How to improve hands-on work time with digital helping to shorten lag time by improving
synchronization with our customer and suppliers or to avoid wasting time to find a tool, a product
or person?

— How }o avoid redoing work with faster data process and immersive capabilities (late chanige,
mainfenance to design)?

— How fo avoid displacement or moving time by giving access to legacy data everywhere thaving the
right data, pushed to the right person at either his or her place at the right time)?

— How fo avoid error with non-ambiguous language, process and data concerning-a very compjex
system?

— How {o avoid failure: Scram, I&C, or human failure, customer data leak, threat and computer abuse?

It is obvious that all solutions addressing these issues require sustainability. Although digital
technologfies are evolving very fast, nuclear industry assets are long-term. International and opgen
standardq are the best way to manage this sustainable developmentiefidigital assets for these purpoges.

B.4 Re¢ent significant achievements

Framatonpe (formerly AREVA NP) developed the AiRE3} platform supporting the ISO 15926 serjes
and with fapabilities to edit and compare RDLs and has investigated an Ontology Driven Informatjon
System fof NPP.

EDF has developed a core data model and a shdred catalogue (MUDU). The mapping of this data moflel
with ISO 15926-2 core data model allowed the-automatic generation of an RDL.

Tools and] services for ontology alignment have been further investigated to compare the generated
RDL with the ISO/TS 15926-4 RDL andthe PCA RDL.

Efforts de towards paperless deployment helped to define critical data. The eDRT project i$ a
standard ffor data exchange among operator, maintenance entities (customer, service providers) and
the supply chain. This of course needs to clarify the language and terms (RDL). Strong transformatjon
programs|towards digitization of document and related operating procedures are being deployed acr¢ss
industrial sites such_ds’in Orano from mining to uranium transformation sites and up to dismantling
of installdtions. Astrong user experience (UX) of operator’s journeys warrants a good adoption wijith
the help of a network of French start-ups like Siteflow (www.siteflow.fr) dedicated to support industry
specific r¢quirentents and regulations with compliant mobile applications. This program also engages a
large deplpyment of high-speed wireless (WIFI) and IOT (LORA) networks across main plant workshaps
and cells =t Tvity T i Tl .

A collaborative initiative between nuclear waste producers including EDF, CEA, Orano and Andra
started to define standards for waste management data exchanges. Waste information management
systems are being modernized and extended inside each enterprise and a GIFEN digital project “waste
digital continuity” will accelerate the path to digital transformation across forecast, planning, and
logistics operations processes.

Major digital transformation programs (SWITCH at EDF, EPR Il at Framatome) also require the definition
of a comprehensive and long-term data model for each system, equipment or room. This is continuously
ongoing work, especially to allow to connect 3D CAD models and virtual reality applications.

Waste information management systems are being modernized.
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For the French ESPN regulation, a collaborative platform has been set up in the last one year (ESPN
Digital); it is used for accelerating the verification of conformity and encompass mobility for site
inspection in manufacturer’s premises.

Other platforms are also launched for big data analytics, such as Curiosity which received the SFEN
Innovation award 2020, but COTS, such as Power Bl are also used to deliver a head-up display of complex
activities (maintenance activity on a wide set of reactors - Framatome Installed Base).

For the design of complex chemical and mechanical transformations of Uranium and the reprocessing of
used materials installations, Orano engineering is already using a comprehensive and integrated suite
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 process running, had a view on their local SCADA andwere able to diagnose the process 4
cite workers in the fuel building for process tuning.“These examples show that digital sol
nd for many issues. However, for some of them.thiey need to be industrialized to becomg
" that purpose, standards are also required.

.p Perspectives

France, several initiatives have beewlaunched since the signature by the French governni
ategic plan for the nuclear sector)in January 2019144l “Usine Nucléaire du Futur”, GIFEN,
PN Digital, eDRT at the Digital .-Commission and Reactor Digital Twin at the R&D Comm
laborative and digital injtiatives at the sector scale. These programs aim at delivering
mise of competitiveness, attractiveness and future carbon-free power generation for elect
{rogen with a continueus focus on safety, our DNA.

e funding of post=COVID crisis through France's recovery planl42] will support nuclear indx
) for the next{hyee years.

b Mid-to-long term view
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Systems engineering is being deployed for new programs of NPP and will become the rule with a trend
towards MBSE.

Research and development efforts are being made:

©lI

on the neutral exchangel#6l and long-term management of 3D models including vis

ualization

purposes (web3D-based[4Zl xR) of complete digital mock-up of a NPP using international and open

standards;

on the use of graph databases[48! to navigate in the data of a NPP;
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— on the digital reactor or DT following the development of the open-source simulation platform
SALOME by EDF and CEA;

— on quantum computing for understanding the impact on reference codes;

— on high performance computing with cyber and blockchain.

B.7 Recommendations regarding the standardization strategy

The capability to handle several reference repositories is of course of major importance in nuclear
engineerihg, but also in 1&C, industrial protocols, and a remote platform for services.

We suggest the following recommendations:

— Establlish a shared radar chart to share in the NDE a view of the standards according totheir leve| of
adoption and of maturity.

— Creatp the conditions of interoperability with reference repositories as a nuclear RDL, e.g. d3ta.
NDE.¢rg, with the associated services of access and change management.

— Focud on use cases as synchronization of installation and civil works digifal mock-ups.

— Specify solutions for LOTAR, which is a regulatory requirementin‘the nuclear sector for all the
activities important for safety.

— Specify sustainable solutions for the NDE:

habling the reuse of the existing knowledge embedded in the currently used data bases;

[¢)

ipporting and tuned with advanced engineering methods as MBSE;

|
%]

bbust to future needs and other changes;

|
-

— Work|on explainable Al for NDE automatiofn-on image collaboration at international level.
— Develpp a sovereignty policy allowing.for collaboration at the international level.

— Imprgve prediction capabilitiessfor operators dealing with more renewable injection in the
grid (flexible operations with ‘better management samarium/xenon and borication or grey-iod
management with advanced, [&C).
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Annex C
(informative)

Nuclear power in Japan

Background

Japan needs to import about 90 % of its energy requirements. Its first commercial\nuclg
redctor began operating in mid-1966, and nuclear energy has been a national strategi¢ pric
197 3. This came under review following the 2011 Fukushima accident. Currently, there are 33
regctors, 2 reactors under construction, and 27 shutdown reactors in Japan.[49]

State of the art

C.2.1 New build

After the Fukushima accident, all the construction projects wer€ suspended and are waiting p
to ptart up again based on updated regulations. Several newprojects have been planned but n
schedule for building new NPP has been announced. However, to maintain the ratio of nucl
generation to at least 20 % by 2030,[33] construction of:new NPP is needed. The main obstac
NPPs is the heavy cost for safety facilities so SMRywith passive safety are the candidates
NHPs.[50] Existing IT systems for process and instritinentation diagrams, plant 3D CAD, instru
anfl electrical diagram for the current power plaiit design should be inherited and enhanced t
type of NPP design.[31]

C.2.2 Operations and maintenance (0&M)

Eighteen plants are in various states of approval for restart by the New Regulation Author
frqm 2012. The reactor restarts are facing significant implementation costs ranging f
million to $1 billion per unitanainly for the reasons of safety measures. The NRA announce
nof extend deadlines for utilities building facilities to meet new anti-terrorism guidelines. ']
affects at least ten reactors and could potentially see operating reactors temporarily shut dov
Repctor Oversight Proeess (ROP), introduced by the US Nuclear Regulatory Authority (NRA]
th¢ means to colléet information about licensee performance, assess the information for
significance, and\provide for the response from the appropriate licensee and the regulator
Japan, free aceess by the NRA to all facilities and activities at any time is required for the purg
auglit. A large)amount of inspection data should be managed and efficiently retrieved corresy
any queries-from NRA.[52]
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C.2.3> Decommissioning

Decommissioning should be done with the budget saved during the operation of each NPP so avoiding
cost overruns within a scheduled decommissioning duration are very important issues for each
utility company.[33] Radioactive inventory data during plant operation should be properly mapped to

plant component data and should be reflected onto data from either dismantled or segmen
fragments that should be managed in a controlled area for several hundreds of years.

ted waste

For the decommissioning of the Fukushima site, many new technologies should be developed for
dismantling the unprecedented accidental site. This project is organized by the International Research

Institute for Nuclear Decommissioning (IRID).[24]
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C.3 Gap analysis

For new build, experience of plant construction is decreasing. The inheritance of knowledge for plant
design and construction is therefore critical.

For O&M, Japan refers to the reactor oversight process (ROP) of the US NRC. The ROP is the regulatory
framework that is a risk-informed, tiered approach to ensuring plant safety.[52] Japan’s new nuclear
regulation has applied from 2020, and a licensee’s responsibility is to constantly improve the safety
of its facilities. Many inspections are expected to correspond to those activities so the management of
these activities and equipment reliabilities with a feasible plan is important.

For decopmissioning, a concurrent decommissioning project will be expected. A feasiblegnd
economicfl plant should be made for a successful project with no final disposal site for the new-future.
To do so, & precise estimation of radioactive waste is required and a facility for the interim.steragd of
waste is needed.

For the d¢commissioning of the Fukushima site, new technologies should be developed for removing
fuel debris from an unprecedented and very high dose-rate area by using remote_operating robdtic
systems.

C.4 Regent significant achievements

C.4.1 Neéew build

Two NPPs|are under construction (Ohma and Shimane 3) in Japan:€onstruction of these plants are using
3D-CAD engineering and construction management system._to optimize the planning of construction
procedurg¢s and the installation of equipment.[53]

C.4.2 Operations and maintenance (0&M)

The Perioflic Safety Review (PSR) is a continuous'safety enhancement process to improve overall plant
safety.[36]| To achieve the objectives of PSR, plant operators need to review their operating experience
as well as|reassess their past review and jdentify findings which lead to improvements of plant safgty.
It is also Jmportant that regulators participate in the preparatory work of the review to identify the
issues and the outcome of the review.\To improve the efficiency and effectiveness of this activity, the
regulator$ need to develop a technical information base reflecting the safety inspection carried at the
sites to idgntify issues.

C.4.3 Dgecommissioning

A decomrpissioning enigineering support system based on 3D CAD models has been developed.[>7l
There are|essential technologies for decommissioning engineering, such as for evaluating the residpal
radioactiye inventowy, planning for decontamination, and dismantling, remotely controlling dismantling
machines) managing waste processing, and measuring radiation. Decommissioning projects shogyld

proceed dppropriately based on these technologies. To integrate them, the 3D geometric shapes df a
decommi@ﬂ&ﬂaﬁmﬂsﬂmﬂ&ﬂd&m@@d@u@a&i& ng

plant operation should be stored in a database and shared among decommissioning support systems.

C.4.4 Decommissioning for the Fukushima site

It is important to introduce robots and remote-control devices focused on reduction of radiation
exposure of workers for exploration in building, sampling, setting of measuring instruments,
decontamination, shielding and transport of use materials and equipment. In August 2013, the IRID
was established for R&D management organization in removal of fuel from spent fuel pools, retrieval
of fuel debris and treatment and disposal of radioactive wastes including development of robots and
remote-control devices. Validation tests and operator training for remote control devices for retrieval
of fuel debris were also planned using a newly prepared mock-up facility.[>8]
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C.5 Perspectives

New build will require cost conscious design, efficient manufacturing and construction methods which
support enhanced safety measures.

For O&M, project planning for a high utilization rate of NPPs should be made by shorter inspection
periods and longer operation duration.

For decommissioning, precise waste estimation and its management in order to decrease the amount of
radioactive waste to be controlled is very important.

For the decommissioning of the Fukushima site, remote operation technology will be needed|to reduce
the environmental impacts affected by contaminated water that comes from the fuel déhris in the
redctor buildings.

C.6 Mid-to-long term view

New build will require sustainable new NPP design and the knowledge<which is inherited from the
experiences of existing NPPs.

O&M will need efficient and safety O&M that is achieved by informdtion management systems. The
sys$tems should be used efficiently for precise audit by the regulatory body.

For decommissioning, management of radioactive waste fop-several hundred years should be done with
its|traceability from its origins from permanently shut down NPPs to its waste managemenf facilities
or gites.

A yorking group was established for the decommiS§sioning of the Fukushima site to assess the extent
to which the recommendations of the Fukushima Daiichi Nuclear Accident Investigation Cdmmission
report were achieved.[29] In this report, threeypical scenarios for decommissioning were copsidered:

a) | the original scenario that all the waste materials are removed from site and its end state is
considered as the site is used as a green field;

b)| some of equipment, structures,.contaminated soils, and waste waters are remained and managed
with a controlled state at the site;

c) | additionally, low levelradioactive waste is managed with a controlled state at the site.

In the report, a) will be.completed in 30 years, b) will be completed in 100 years, and c) will be gompleted
in BOO years. The dataTelated to radioactive waste should be managed with in the appropriate manner
with proper standards.

C.Y Recommendations regarding the standardization strategy

New.build requires standardization for designing and constructing safer and more economidal nuclear
poixer plants [56]

O&M needs standardization for efficient work management for O&M within the conditions of ALARA
and lower CDF.[57]

Decommissioning needs standardization for radioactive inventory data, which was from operated
power plants and for waste management according to the levels of radioactivity. The levels of
radioactivity are related to the final disposal method.[28] A graded approach should be taken by the
regulatory body when performing reviews, assessments or inspections throughout the authorization
or licensing process.[39]

The decommissioning of the Fukushima site needs standardization related to the stabilization of
accidental plants and technologies for the removal of fuel debris. This kind of experience should
be considered towards lessons learned and be considered on matters of preparation, operation,
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governance, and mitigation related to minimizing and managing nuclear risks.[9] Some of the lessons
should be reflected considered for standards.
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Annex D
(informative)

Nuclear power in the Netherlands

D.I—General

Thiis survey will mainly be described from the point of view of Pallas, as the new Pallasnuclepr isotope
pldnt reflects the digitalization of new nuclear research facilities in the Netherlands:

Pallas endorses to a large extent what is stated in the IAEA report “Application 'of PIMs tio Manage
Design Knowledge through the Nuclear Power Plant Life Cycle” (TECDOC-1919[*1]) and has the goal of
supporting the design and construction of the new isotope reactor plantavith a DT based pn the so-
called K-PIM. In comparison with NPPs a nuclear research and or isotope production plant is not only
challenging, e.g. ageing and technology changes over 50 years in a/functional steady state|situation,
buf additionally faces changes in product (isotopes), product process’and logistics through| the plant
dup to changes in the business process and market which requires§a high maturity of integration of the
digitalization of the reactor itself and the digital environment-0f the enterprise that operatesithe plant.

In this context, a DT is even more important for a research reactor than a classical reactor.

D.2 Background

Thiere are two conventional NPPs in the Netherlanhds: one is still operational, one is retired.

1969 to 1997. The plant is in secure containment; The demolition of the not yet dismantled, finternally
radlioactively contaminated buildings.is planned for 2045. The power plant was a natural dirculation
BWR, or passive-safe BWR. The capacity was 58 megawatts. The power station has been running with
high availability for 28 years, connected to the national electricity grid.

TNE Dodewaard Nuclear Power Plant in Dodewaard is a former NPP. The plant was in operdtion from

In [1969 the Zeeland Provincial Electricity Production Company (PZEM) ordered an NPP. The reactor,
a HWR located near Borssele, the Netherlands, was put into use in 1973. The power plant was built by
Sigmens KWU.

Befween 1973 and)2006, the plant had a (net) capacity of 449 MW. The plant was radically mpdernized
in [1997. This brought the plant to a standard safety level for 1997. The modernization was carried out
paftly in response to the Chernobyl nuclear disaster. A new turbine was installed in 2006, increasing
th¢ capacity to 485 MW.

Thieentriched uranium must be replaced after four years. It is then reprocessed once in Francq (recycled
anj ¥ Cnrinhnrﬂ cothat it conm b cnd fos o0 o thar forlive vyaaec Drnvv\ thn ficcion e di ot ] nium and
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uranium-236 that were created in the first four years, the fission products, which constitute nuclear
waste, are removed, returned to Borssele, and stored there at COVRA.

The reactor centre in Petten is a nuclear facility near Petten (northern Netherlands) that houses a small
nuclear reactor for the production of radionuclides (radioisotopes) for medical use. In addition to this
high-flux reactor, a smaller low-flux reactor was in use for training purposes and materials research
until 2012. Since about 2010, there have been plans to build a new reactor, PALLAS, exclusively for the
production of medical isotopes.

The low flux reactor had been in use since 1960 and the high flux reactor since 1961. The low flux
reactor has been decommissioned and removed. The thermal capacity of the high flux reactor (HFR)
is 45 MW, that of the low flux reactor (LFR) was 30 kW. The high-flux reactor produces radioactive
isotopes, among other things, which, after chemical processing in a special production facility in Petten,

©1S0 2023 - All rights reserved 61


https://standardsiso.com/api/?name=da6ad1676d837d27fd7709a7496cace6

ISO/TR 20123:2023(E)

are supplied to hospitals for diagnostics and cancer control (radiotherapy). The reactor in Petten
produces a third of the medical isotopes worldwide.

Because the current reactor is at the end of its life, there are plans for new construction. This reactor,
called Pallas, is to replace the high-flux reactor before 2030.

D.3 State of the art

D.3.1 State of the art — Plants

The last NPP in the Netherlands is entering its last 10 years (Borssele).
Ideas are how being put forward in the Netherlands to build two new NPPs.

Most of the medical isotopes are made in Europe, in six nuclear reactors, one of which is.lacated in the
Netherlands (the HFR Petten). All but one of the reactors are advanced in age and sooner or later they
will have [to be closed. The Netherlands is considering building a new reactor named’Pallas. Pallag is
already in] preparation and the basic design has now been completed and mustbe‘in operation befgre
2030.

D.3.2 State of the art — Digitization/digitalization

D.3.2.1 (General

In practicg, sometimes a difference is made between digitizationyand digitalization:

— Digitization is the process of converting information from a physical format into a digital one.
— Digitqlization is the process of leveraging digitization to improve business processes.

For existihg NPPs, digitization will be the most important one, however digitalization is the main foqus
for Pallas

D.3.2.2 PBorssele

The original designs were documented on paper drawings and descriptive reports, which have bgen
digitized [be means of text searchable scanning so the design can be searched with “Google-like
capabiliti¢s”. There is a robust €M process in place which must assure up to date as-built documentatipn.
The CM process is based on.the TAEA report Modifications to Nuclear Power Plants SAFETY GUIDE No.
NS-G-2.3.[There is no digital'CM system in use other than the document management system (DMS)
which is based on Lotus Notes.

There arg severalpropriety databases in use for the management of, e.g. pipes and temperatyre
transientg over thelifecycle of the plant.

D.3.2.3 Pallas

Pallas endorses the state of art regarding digitalization of existing NPPs as described in the report [AEA
TECDOC-1919![41l;

"Nuclear power plants use multiple information systems and databases from different vendors for
different purposes. Most of these systems are not integrated with one another and cannot easily share
plant data during different phases of the nuclear power plant life cycle, such as design, operation and
decommissioning. This results in redundancies in capturing, handling, transferring, maintaining and
preserving plant data. This lack of interoperability stems from the fragmented nature of the industry,
paper-based document control systems, a lack of standardization and inconsistent technology adoption
among stakeholders."
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Derived from the business model of Pallas they have the following vision on asset management and
digitalization:

— Pallas management has a responsibility to effectively and efficiently manage the services provided
by its assets, to its (medical oriented) community.

— Pallas has a strong vision for the future of asset management which includes sustainable and
flexible services delivery, community satisfaction, sustainable financial position and acceptable
risk exposure.

— _Therefore, Pallas opts for an integrated, innovative systemic, integrated approach for the services
provided by Pallas to their customers (being a service system) and the product system,|being the
Pallas reactor, which is utilized as such in the service system. A third system to be integrated is the
Pallas organisation itself, being an enterprise system.

—| In a strategic asset management plan (SAMP) Pallas provides key stakeholdersiwith a view of how
Pallas wants to integrate all three aforementioned systems (product system, service system and
enterprise system) and be able to be responsive to changing requirements‘and future trgnds. With
integration Pallas means traceable coherence between the Why, How.and What of all threg¢ systems.

Thius, effective asset management requires a long-term, integrated view on several topics which may
hiqtorically have been seen in isolation:

—

—| maintenance and inspections;

—| surveillance and periodic testing;

—| management of ageing and obsolescence;

—| performance monitoring and feedback of operating experience;

—| management of modifications;

—| preparation for decommissioning;

—| assurance of delivery of product to customers as agreed with them;

—| assurance of delivery of thelquality as agreed with customers.

D.4 Gap analysis

For the gap analysis;i.e. the gap between today's state of the art and the visionary state as [explained
abpve, Pallas reférs to the following fragments taken from the IAEA TECDOC-1919[41] (betwegn “”) with
some additional\remarks.

“It|is essential to maintain and ensure the integrity and validity of design basis knowledge and
information over time to support the safe and efficient operation of NPPs, support effective decision-
mdKing and mitigate the risk of knowledge and information loss”.

Decision making in this context concerns decisions on technical plant level and business processes as
well. This covers not only design basis knowledge but also the engineering and physical construction of
the plant (referring to the IAEA equilibrium triangle).

“New NPPs can be delivered with an advanced computer-based plant information environment that
is comprehensive, detailed and able to be integrated and interoperable with the information systems
of the operating organization. The primary challenge with these advanced computer-based plant
information environments is that they typically consist of one or more PIMs that are interfaced for
information exchanges with a limited level of information interoperability among them.

These advanced computer technologies provide an opportunity to radically improve knowledge,
information and data capture, integration, sharing, transfer and use between stakeholders if industry-
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wide standards and good practices are adopted and knowledge-centric information frameworks are
developed, incorporated and widely used.

A K-PIM could be developed and leveraged as a modern and efficient approach to better support,
manage and enable seamless sharing, transfer and use of sustainable nuclear design knowledge and
information within and across all NPP life cycle phases”.

Pallas would like to extend the K-PIM with the management and business processes relevant for
operating the plant and delivering their services to the clients.

D.5 Re¢ent significant achievements of the Pallas project

During thg basic design, Pallas developed an abstract semantic layer c.q. information model that-covers
the needs|to describe the Pallas reactor for all disciplines and all life cycles. In parallel an RDl-has bgen
developed, which will be further enriched during the progress of the project. Both are based on the
ISO 1965( series, ISO/TS 15926-11 and the Dutch NTA 8035. The biggest challenge was_to capture dnd
integrate [the output data of the various engineering tools in use on the EPC side of the project where
even withfin the same discipline various tools are being used, all with their own«ore model and expprt
functionality (see D.3 state of the art).

Thereford, main breakdown structures were defined in a CDE, described in ISO 19650-1, and which 4re
the placelolders (so called master data) for all kinds of relevant design information by using semarjtic
relationsHips as defined in ISO/TS 15926-11. This is shown in FigureD:1 below.

Irftegrated Information Model

(IJM) based on ISO 15926-11
Domain and range of all Reference Data lerary (RD}
elations are defined by the IIM

[

“Is cla551f1ed as”

/. HE _/'/ ,\: o]
- — :
{ <o’ ||
i |
\/ B N
\ Property [ Relation
Documen Requirement Sg:gzrscf‘ Geographical Function Process Work Organisationgl
breakdowh breakdown eeakdown breakdown breakdown breakdown breakdown breakdown
structure structure structure structure structure structure structure
structure
3D model (IFC)
Key
O breakdown structure element (instance of an Integrated Information model entity)

— defined association between breakdown structure elements

e -> classification of breakdown structure elements as an RDL class
Figure D.1 — Main breakdown structure in the Pallas project

In this approach Pallas accepts that within the engineering process use is made of all kinds of
engineering software tools that the engineering disciplines are familiar with in order not to disturb
their process. However, by means of information delivery requirements with respect to the output of
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the relevant engineering software tools the structure and content of the data is managed and fed into a
cleaning process for harmonizing with an integrated information model and mapping all entities to the
RDL.

The result from the cleaning process is imported into the CDE in which all data is organised and
integrated around the breakdown structures. The content of the CDE is exported as a turtle file
(containing actual data and the history of changes) into a graph database on Pallas side, which functions
as an interface to a conventional PLM system in which the data from the CDE is combined with 3D IFC
files and documents based on references (URI’s). This is represented by Figure D.2.
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Enginéering
products Documents

Figure'D:2 — Digital ecosystem as in development at the Pallas project

Thiis approach,0f Pallas is in line with the following fragments taken from the IAEA TECD(C-1919[41]
(Between &) with some additional remarks.

“Conceptsare the basic building blocks for modelling a domain of knowledge. Such a model is generically
reierred to as knowledge organization system (KOS). It includes a broad range of term lists, takonomies,
thesaurt and ontologies. S vary In functional purpose and semantic expressivity. standardization

of KOSs by the World Web Consortium (W3C) standards allows its full power to be exploited by
interlinking and utilizing them to build comprehensive knowledge networks which form the foundation
for developing knowledge-based applications."

A common language may be specified as a vocabulary or a thesaurus, containing all the concepts
describing a given knowledge area. The simple knowledge organization system (SKOS) standard
is well suited to formalize the vocabulary, structuring it in a hierarchical way by broader/narrower
relationships, and adding attributes such as definitions, examples and notes.

For the development of the knowledge model, existing ontologies can be reused. Such ontologies may
exist within the organization or be taken from external sources such as the RDL defined for the process
industry in the ISO 15926 series.
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Finally, the ontology will be populated with instances. All instances of a class inherit the attributes
and relations assigned to the concept. For example, the concept “Pump” may contain the attributes
“component ID” and “nominal flow rate”. A possible sub-concept might be defined as “Feedwater pump”,
which inherits the attribute definitions of “Pump”. A specific feedwater pump might then be assigned
to the concept of “Feedwater pump”, which specifies its component ID and the numerical value of flow

rate. The integral of ontology and instances constitutes the knowledge base for the domain.

Other relevant supporting International Standards are:

— The ISO 8000 series descrlbes the features and defmes the requirements for the data quality and

rules

and processes for management of the quallty of documents

— ISO 14721 defines the reference model for an open archival information system (OAIS) injorder
presefve information over time.
Reference data in the construction and oil & gas industries:

This generic reference data is particularly important to raise awareness of stakelolders and to supp

ality

to

DIt

them in tle implementation of a common language for information and knowledge sharing. Reference

data can tlake the form of taxonomies or ontologies with specific scopes of coverage, such as sources
reference|data and relationships models proposed in the following International Standards:

— ISO/TS 15926-3 specifies an RDL for geometry and topology.

of

— ISO/TIS 15926-4 contains an initial set of RDL for physical objécts, activities, properties and other

refergnce data necessary to record information about process plants and oil and gas product

on

facilitfies. It contains definitions as well as classification relationships between reference data items.

— ISO/TS 15926-11 define an initial set of relationships\to support integration of systems engineer
principles. Those relationships can model:

— systems engineering statements such<'as the breakdown structures composition or f{
fgrmalization of requirements, interfaces or risks applicable to an item.

|
=

etadata about the system engineering statements that describe traceability, maturity, staf
f information or rationale fortdesign changes.

=}

— ISO/T|S 15926-11 supports full traceability of the history of a Configuration Item with block-ch
characteristics. This includes the availability of meta data concerning accessibility and security
users|of the data, to be interpreted by software. Also exchange of data exchange files can take pl:
fully encrypted.

W3C has |published the~RDF standard that formalizes “triples”. A triple is a linking structure tl
forms a diirected, Jabelled graph, where the edges represent the named link between two resour
representpd by the“graph nodes. Each element of the triple is uniquely identified through a unig
referencefidentifier (URI). See Figure D.3 and Figure D.4.
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Figure D.3 — Illustration of the RDF triple concept
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Figure D.4 — Illustration of the named graph concept

p—

Finally, the relationships defined above about ISO/TS 15926-11 relate to thémneed for design Knowledge
rafionale and traceability in a K-PIM. These relationships can be used as a foundation for the
deyelopment of a knowledge-centric model that would enable management of knowledge Sﬁ‘oughout
the¢ life cycle of an NPP.

D.p Mid-to-long term view Pallas

For the mid-to-long term view, Pallas refers to the\following statement taken from [the IAEA
TECDOC-1919[41] (Between “").

“Irf scenario three described in the IAEA TECD0OC+1919, the PIM is represented in a stand-along, custom-
deyeloped information model based on metadata semantics and modelling of business processes. Once
th¢ PIM is represented, the software that can-best support it may then be identified. In this scgnario, the
PIM is semantically organized and structlired into separate layers consisting of an item/data lexicon,
an|abstracted model layer that describes-the information with relationships, rules, knowledge, objects,
atffributes, etc., and represented and'managed within the systems and processes of an organifation.

is is the most theoretical and.idealistic among the three scenarios, as currently there is n¢ industry
stgndard or best practice thatyis mature enough, or even knowledge-centric enough, to fully|represent
this enhanced PIM concept. This is, therefore, the one scenario that in fact justifies the nepd for the
deyelopment of a K-PIM)that could then be used when purchasing or developing IT systems. The
K-PIM is described miore fully in Section 3, but the K-PIM would provide the semantically lenhanced
anfl organized foundational inter-operability infrastructure, knowledge-centric frameyork and
common languagefor the seamless exchange and transfer of sustainable design knowledge information
across the NRP-life cycle in a more useful way: understandable, logical, traceable, reprodycible and
mgnageable, The major software and solution vendors will, in the near future, adopt the concept and
support.development of a K-PIM, and integrate it into more commercial off-the-shelf (COTS) Il systems
that would then automatlcally be mteroperable with other IT systems developed or purcha ed during

IT systems and software applications for the new NPP easier and more effective.

This section will explain how the implementation of PIMs is of central importance in the design and
knowledge management (DKM) process. DKM addresses the complex initial design process for NPPs
and maintaining and revising this information and knowledge over time (i.e. throughout construction,
commissioning, operation, modifications, and decommissioning). The application of DKM spans
organizational boundaries, as, over a plant’s life cycle many stakeholder organizations typically either
contribute to the design of an NPP or are users of design information in order to carry out their works
(e.g. plant maintenance and outage support).

Effective DKM will ensure retention, availability and consistency between the initial design, licensing
basis requirements, physical configuration, modernization of plant components and accumulated
operating experience that are essential to the maintenance of design basis and CM. The design
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knowledge should be accessible and available to support plant safety throughout the NPP life cycle.
However, effective DKM might not be realistically happening yet because of the existing organizational,
technical, legal and other barriers hampering design knowledge capture, verification, integration,
transfer and modification over the life cycle.

To manage the design change process, information from all relevant disciplines is needed to support
the design basis and other requirements of NPPs. In the past, such information was frequently stored
in isolated databases and made effective collaboration difficult. The use of a common data dictionary
providing a singular, unique definition of data concepts across disciplines, can bring consistency to
these databases. In addition, a common dictionary can support data and information exchange with
business partmers arrct bupplil:l S by ubiug asenTarticframrework:

CM can be¢ achieved in a number of different ways. However, one of the most effective ways ©of dojng
this is to ptilize a PIM framework as the basis for the NPP information infrastructure. This is' mainly
because df the ability of the PIM to serve as a “single source of truth” to identify the reldationships,
status angl version of SSC documents, and their corresponding design and licensing basis. This forms
the key egsentials of the CM “triangle” and verifies equilibrium. Such a capability depends primarily|on
a reliable|database model that may be accessed easily and can interface and intéreperate with other
informatipn utilized for the NPP.

A K-PIM |s a semantically organized set of information describing plant_structures, systems gnd
componeijts, incorporating relationships and rules within a knowledge framework that collectivgly
forms enrjiched representations of the plant that provide shared knowledge services and resources oyer
its life cydle. Consequently, a K-PIM may be a PIM, enriched with kndwledge resources that incorporate
semanticq and knowledge services over the whole life cycle of a plant

K-PIM is|a modern information technology solution with*a knowledge-centric interoperability
infrastruqture and framework underpinning successful PKM within and transfer across all NPP life
cycle phages

The concgpt of a knowledge-centric PIM creates numerous benefits and business drivers, as presented
in this document. It provides a strong technical‘and managerial case for industry development of a
comprehensive K-PIM. The K-PIM is the evolutignary solution to providing the industry with a practigal,
standardifzed and portable information apd-knowledge repository, providing the common knowledge
infrastrudture that provides for understanding and sharing of critical nuclear experience.

PIM in the form of an engineering-data management system is the core for creating an integrated
foundatioh for making process-related, engineering and management decisions during plant operatjon
and decommissioning. Data ¢onsolidation in a single information storage increases efficiency and
ensures tfansparency and safety of plant operation”.
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Annex E
(informative)

Nuclear power in the Republic of Korea
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1.1 Status of nuclear power plants (NPPs)

1.2 Status of nuclear power plant {NPP) domain facilities (waste)

Background

of 2019 in the Republic of Korea, 24 reactors are in operation, where 21 of the plants are us
 three are using pressurized heavy water reactors. Four reactors are undef. construction
ictor model of APR 1400 (PWR). No plant is under the decommissioning pxoceéss.[33]

o plants have been shut down. Finally, there are 11 NPPs of which operation licenses will
B0.

ner operator in the nuclear power sector in Korea is:
KHNP: Korea Hydro & Nuclear Power Co. Ltd.

jor nuclear types are:
PWR / WHF, OPR-1000, France CPI, France CPI, APR-1400
PHWR / CANDU6

ues regarding the decommissioning.and waste disposal of NPPs are continuously being dif

present, the spent fuel from PWRs has been stored temporarily in storage pools at the pd
e, while those from the pressurized heavy water reactors are stored in storage pools and d
ncrete canister) at the power plant sites. NPPs currently in operation are equipped wit
id, and solid waste treatment facilities and on-site storage facilities to ensure the safe m
radioactive waste generated in the operation process. The on-site solid radioactive was
ility is a concrete_slab type building with separate storage for waste according to the rad
el and is equipped with a radiation monitoring system.
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E.2 State of the art for nuclear power plant (NPP) standards

Public companies mainly lead the nuclear power industry in Republic of Korea, and the number of
companies participating is minimal. A major equipment supplier has been privatized; a limited pool of
private general contractors is joining for construction.

The entire project has been carried out according to the standards developed by a public company that
is a public owner-operator organization. However, these standards are not registered as a Republic
of Korean Standard (KS). Accordingly, there are efforts to systematize the current standards at the
national level.
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