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Introduction

Á Background

Å Fires are significant contributors to the overall risk of nuclear installations ï

reactors as well as non-reactor facilities of the nuclear fuel cycle

ü The FIRE Database Project was initiated in 2001 as long-term project for 

collecting and analysing fire event data from nuclear power plants

Å Meanwhile in Phase 7 (2023 ï2025), the Project includes 14 member 

countries from Europe, Asia and North America

× Belgium

× Canada

× Czech Republic

× Finland

× France 

× Germany

× Japan

× Republic of Korea

× Netherlands

× Spain

× Sweden

× Switzerland

× United Kingdom

× United States of America
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Objectives

Á Collect fire event experience by international exchange in an appropriate 

format in a quality-assured and consistent database

Á Collect and analyse fire events over the long term so as to better 

understand such events and their causes, and to encourage their 

prevention

Á Generate qualitative insights into the root causes of fire events in order 

to derive approaches or mechanisms for their prevention and to mitigate 

their consequences

Á Establish a mechanism for efficient operation feedback on fire event 

experience including the development of policies of prevention, such as 

indicators for risk-informed and performance-based inspections

Á Record characteristics of fire events in order to facilitate fire risk analysis, 

including quantification of fire frequencies
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Working Procedure

Á Nomination of a National Coordinator by each member country being 

responsible for data collection, quality assurance and coordination within 

the country

Á Fire event information are typically provided by the operator of the 

installation who retains ownership of the data

Á Event data are recorded on the Database according to pre-agreed 

standards (Coding Guidelines) that are continuously improved to make 

best use of the data for PSA and other types of analysis

Á An updated Database version is periodically created, typically once a year

Á Full FIRE Database is accessible to National Coordinators only

Á A user version containing event data in anonymized form is intended to 

be shared with Project member organisations, paying members, and 

organisations providing data

Á Strong co-operation with the HEAF 2 and PRISME experimental projects, 

e.g. common FIRE/PRISME cable fire benchmark
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FIRE Database Applications

Á One goal of data collection: generation of generic fire frequencies for 

different reactor types and plant operational states (POS) for PSA use

Å FIRE meanwhile covers more than 610 events representative for more 

than 10000 years of observation

Å For events during full power, low power and shutdown states not 

excluded from statistics generic fire occurrence frequencies can be 

estimated for different reactor types, selected member countries, etc.

Á Other applications with significance for regulatory assessments include 

but are not limited to:

Å In-depth investigations of fires as singular events and as combined 

events of fires and other hazards

Å Analysis of apparent and root causes of fire events

Å Modelling of real fire scenarios, e.g. by a common benchmark exercise 

with the PRISME Project for a cable fire event selected from the FIRE 

Database
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PSA Use ïGeneric Fire Occurrence Frequencies

Á FIRE Database can be used, amongst others

Å for identifying all types of events and scenarios to be included 

in PSA models ensuring that all mechanisms are accounted for

Å as support to Fire PSA by real data from NPP operating experience, 

particularly to evaluate fire occurrence frequencies

Å for comparing member countriesËnational fire event data with 

accumulated international data

Á For generating generic fire frequencies for NPPs in FIRE Database 

member countries, corresponding observation times are systematically 

collected and updated for each reactor on an annual basis
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Generic Room Specific Fire Frequencies

Á Well-defined observation times are available for full power operation as 

well as low power and shutdown plant operational states

Á Generic fire frequencies can be generated for various types of rooms 

and buildings based on average room numbers
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Reactor Building, outside Containment

Electrical Building
Auxiliary Building

Turbine Building
Diesel Generator Building
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Generic Component Fire Frequencies

Á Generic ignition frequencies can be generated for various types of 

components 

Å Comparison with national data from Fire PSA is in principle possible

Å Main challenge: fire frequencies for cables still difficult to derive
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High Energy Arcing Fault (HEAF) Induced Fires

Á OPEX indicates importance of high energy arcing faults (HEAF) as 

important phenomenon for causing fires

Á Actually, 67 HEAF induced fire events representing a fire occurrence 

frequency of ~ 7 E-03 / year

Å 30 of the HEAF induced fires are event combinations 

Å Non-negligible contribution of HEAF induced fires to 

the overall fire risk during the entire plant lifetime

Å FIRE Project activity resulted in in-depth investigations, 

at least in Germany, Japan and the United States of 

America, and an OECD/NEA experimental HEAF Project 

ü HEAF should be considered in NPP design and operation 

Á National regulations in some member countries meanwhile consider 

HEAF and HEAF induced fires
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Event Combinations of Fires and Other Hazards

External Hazards

Seismic

Internal Hazards

consequential hazards

correlated (by common cause) hazards

unrelated (independent, coincidental) hazards

HEAF Missiles ExplosionBiological Fire Flooding

ExplosionFire Flooding HEAF

2 1 2 1

Fire

1 1 830

1

2

7 1 2 2 1

1

HEAF HEAF

1

Explosion

1

Types of Combinations:

Hydrological Meteorological
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Root Causes of Fire Events in FIRE Database 

Type of Root 

Cause

Percentages of Root Causes

Full Power Operation Low Power and Shutdown

Equipment 78 % 27 %

Human 29 % 19 %

Procedures 14 % 6 %

Á Analysis of root causes regarding the typical root cause categories

Å Technical causes: equipment

Å Typical human erroneous actions: human

Å Inappropriate procedures or not following procedures: procedures 

Á Basis: 480 events with known root causes included in statistics:

Note: Multiple root causes possible
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Main Challenges for the Project 

Á Data collection can be time consuming for NPP operators with their 

different priorities

Á A detailed event data collection is often no more possible for events from 

the far past, particularly if additional data are needed for a new Project 

activity

Á Event reporting criteria vary between member countries => 

this needs to be considered for the evaluation of trends

Á Regulatory framework within different member countries can affect 

interest in Project activities (e.g., when is an installation considered a 

nuclear installation, is the same regulator in charge for commercial NPPs 

and other nuclear installations such as research reactors, is the same 

level of information available for all types of installations and countries)

Á Raw data are confidential limiting the publication possibilities mainly to 

generic results of data analyses

Á New members need to make commitments that they will provide all 

necessary fire event data from the past and in future 
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Further Ongoing FIRE Database Activities

Á Ongoing activities incl. Topical Reports to be expected in FIRE Phase 7

Å Organisational and administrative fire protection at NPP sites in 

FIRE member countries ïinsights from the FIRE Database for 

potential improvements

Å Comparison of fire resistance standards applicable to nuclear 

installations in FIRE member countries 

Å Fire suppression success analysis (fire extinguishing systems 

and/or manual firefighting)

Á Already started extensions of the Database

Å Fire event data collection from research and demonstration reactors 

and corresponding adaption of the FIRE Database

Å Collection of fire events from reactor units under decommissioning 

and respective modifications of the Coding Guideline
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Outlook and Perspectives

Á Possible developments and extensions of the Database under 

discussion by FIRE members

Å Cross-cutting topics between FIRE and ICDE Databases on 

common cause failures (CCF) of active fire protection features

Å Possibility for future fire event data collection from small modular 

reactors (SMRs) and other advanced nuclear technologies (ANTs)

Á Potential future activities

Å New activities resulting from ENSREG Topical Peer Review (TPR) 

insights on ñFire Protectionò by end-2024

ü Resolution of challenges and identification of fire research needs

Á Increased membership benefits

Å Significant increase in generic fire event data, particularly for 

reactor types with limited operating experience 

Å Covering challenges regarding fire safety of new reactor

types from the beginning 



© 2023 Organisation for Economic Co-operation and Development

All NEA publications and institutional documentation available at 

www.oecd-nea.org

Thank you for your attention

For further questions, please contact

NEA Secretariat Markus Beilmann Markus.BEILMANN@oecd-nea.org

or

FIRE Management Board Chair Marina Röwekamp Marina.Roewekamp@grs.de

http://www.oecd-nea.org/
mailto:Markus.BEILMANN@oecd-nea.org
mailto:Marina.Roerwekamp@grs.de


Dr Sylvain SUARD 

Head of Fire Experimentation Laboratory, Institut de 
Radioprotection et de Sûreté Nucléaire (IRSN), France
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OVERVIEW OF THE OECD/NEA PRISME PROJECTS

Presented by S. Suard (IRSN)



GENERAL DESCRIPTON OF THE PRISME PROJECTS
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[ PRISME (2006 ς2010) / PRISME 2 (2011 ς2016) / PRISME 3 (2017-2022)

[ 5 - 6 year Project in the framework of OECD/NEA

[ Operating Agent: IRSN ςUnique experimental platform GALAXIE

[ Main issue: Improve the knowledge of fire risk in nuclear facilities -
Management of fire events and recommendations in fire modeling and 
safety assessments are output of the Projects

[ Pool fire / electrical Cable fire / electrical Cabinet fire ςFire propagation



GENERAL DESCRIPTON OF THE PRISME PROJECTS ςMAIN OBJECTIVES
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IMPROVING KNOWLEDGE OF FIRE RISK IN 
NPPS

Analytical approach 
for Fire modelling ς

Simple Fuels

Complex 
configuration for 
Safety issues ς

Electric Complex 
Fuels

Benchmarks of Fire 
models

Physical phenomena and mechanisms:
Fuel combustion & Fire propagation
Confinement effect
Hazardous phenomena
Effect of the fire on the installation



[ MEMBERS FOR THE 3 PROJECTS

üRegulators, TSO, Operators, Research centers

[ ORGANISATION OF THE PROJECT

ü 2 meetings / year

ü 3 days meeting: Analytical Working Group ς
Program Review Group ςManagement Board

üBenchmark activity & Publication for AWG

31SESSION 3: JOINT PROJECTS FOR SAFETY IN OPERATION, LEARNINGS ANDPERSPECTIVES - OVERVIEW OF THE PRISME PROJECT - MAIN OUTCOMES - 11 JANUARY 2023

GENERAL DESCRIPTON OF THE 
PRISME PROJECTS

Common benchmark exercise 
with  the OECD-NEA FIRE 

Group
Ą Publications in the PRISME 

3 Special Issue



MAIN OUTCOMES and BENEFITS ς
Facilities and competences development
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[ DIVA FACILITY: Confined and mechanically 
ventilated compartment

ü3 rooms of 120 m3,  1 corridor of 150 m3

ü1 Upper room of 170 m3

üPressure + 500 hPa -100 hPa

üReinforced concrete walls

32

[ SATURNE FACILITY: Open environment

üOpen compartment (10 m x 10 m x 20 m)

üFire tests up to 3 MW

üFuel characterisation



MAIN OUTCOMES and BENEFITS ς
Facilities and competences development
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[ DIVA FACILITY: Confined and mechanically 
ventilated compartment

ü3 rooms of 120 m3,  1 corridor of 150 m3

ü1 Upper room of 170 m3

üPressure + 500 hPa -100 hPa

üReinforced concrete walls

33

[ SATURNE FACILITY: Open environment

üOpen compartment (10 m x 10 m x 20 m)

üFire tests up to 3 MW

üFuel characterisation



MAIN OUTCOMES and BENEFITS ςFacilities and competences development
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[ HIGH LEVEL IN FIRE ANALYSIS: Publications & congress

[ INTERNATIONAL & NATIONAL COLLABORATIONS WITH UNIV.: GentUniv., 
KingstonUniv., Univ. of MarylandΣΧ

[ DEVELOPMENT OF NEW MEASUREMENTS AND METROLOGY

[ DEVELOPMENT OF NEW EXPERIMENTAL DEVICES Ą Several doctorate & post-
doctorate

Alibert (PMMA 0.36 m²)21% O2 20% O2
19% O2

18% O2



MAIN OUTCOMES and BENEFITS ςNuclear safety applications
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[ INCREASE KNOWLEDGE & BUILDING OF AN EXPERIMENTAL DATABASE

ü Oxygen depletion inside the compartment and 

effect on fire duration 

ü Highlightinga balance between the combustion

processand the environmentof the fire insidethe

installation

Fire modelling and code validation process 
(V&V)

o IRSN: SYLVIA & ISIS
o EdF: MAGIC, SATURNE
o GRS: COCOSYS
o IBMB, VTTɾ: FDS



MAIN OUTCOMES and BENEFITS ςNuclear safety 
applications
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[ HIGHLIGHTING OF FIRE PROPAGATION IN CASE OF 
ELECTRICAL CABINET FIRE

ü Only few experiments on this issue

ü Studies of propagation paths for electrical enclosures in 
different configurations

ü Study the fire spread with different paths: false floor, 
upper cable trays, through walls

ü Study the effect of the cable type (well v.s. low 
qualified)

ü Study the effect of the environment (open atmosphere 
v.s. confined and mechanically ventilated

Fire Safety findings 



MAIN OUTCOMES and BENEFITS - Networking
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TSO ώ.Ŝƭ ±Σ /{b/Σ Dw{Σ Lw{bΣ YLb{Σ ±¢¢Χϐ

Regulatorsώ/{bΣ bw!Σ bw/Σ hbwΧϐ

Operators[EdFΣ 9bDL9Χϐ

Research organizations [CRIEPI, IBMB, KAERI, Univ. (Aalto, 

Gent, Kingston, Lund, Maryland)]

Definition of the program 
(PIRT Process)

ɜ
Benchmark activities

ɜ
Test specifications

ɜ
Test analysis

ɜ
Code Validation



MAIN OUTCOMES and BENEFITS - Values
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[ A SECURE WEBSITE FOR EACH PROJECT: IRSN GFORGE

[ MAIN RESULTS PRESENTED IN CONGRESS & PUBLICATIONS OF 
SPECIAL ISSUES

Experimental data of the 3 
Projects are being made available 

to NEA members countries 
through the NEA Data Bank. 



FEEDBACK ON MAIN CHALLENGES RELATED TO THE PROJECT 
DEVELOPMENT
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SHARING A COMMON OBJECTIVE 

ƯCompromisebetween different interests:
interests of safety analysts, interest of
researchers/modelers and different
interests/priorities of participating
organizations

ƯTo guaranteethroughoutall the program,
with the realization of the various
campaigns,a notable gain for all the
membersof the project



FEEDBACK ON MAIN CHALLENGES RELATED TO THE PROJECT DEVELOPMENT
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ÅTo maintain an 
experimental platform 
at a high level of 
operability for the 
whole duration of the 
project

Experimental

Platform

ÅTo maintain, throughout 
the project, the 
resources at a high level 
of competence

Fire analysis

ÅTo mix the technical 
skills of the project by  
involving different 
organization (University, 
TSO, operator, test 
managers, fire safety 
ŜƴƎƛƴŜŜǊǎΧύ

Varying skills



INSIGHT ON FUTURE R&D NEEDS AND TRENDS
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[ CONTINUATION OF THE PRISME PROJECT Ą FAIR PROJECT (Fire Risk Assessment Through 
Innovative Research)

[ FOLLOW-UP PHASE BUT DIFFERENT Ą INCLUDING A STRONGER ANALYTICAL APPROACH LED 
BY THE DIFFERENT CODE USERS

[ MORE COMPLEX SITUATION TO BE REPRESENTATIVE OF INSTALLATIONS

[ NEW CAMPAIGNS ORGANIZATION (MEDIUM AND LARGE SCALE ςALL THE PROJECT 
DURATION)

New safety issues 

challenged by 

experimental fire tests



INSIGHT ON FUTURE R&D NEEDS AND TRENDS
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[ EXPERIMENTAL PLATFORMS NEED 

TO BE ATTRACTIVE

ü Large scale configurations, 

highly representative

ü Experimental research devices 

ü Non-intrusive optic 

measurements, increasing the 

level of understanding and 

allowing efficient fire modeling

GALAXIE

JUPITER -
DIVA

PLUTON

SATURNE

MARSSIRIUS

CARINEA

ERIS

Identification by the SESAR 
Group on the necessity to 

maintain the GALAXIE Platform



CONCLUSION
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Each of the PRISME projects has improved  fire modelling, 
validation level of simulation tools, safety expert knowledge 
considering complex fire hazardous issues

Enhance awareness amongst safety analysts on projects 
results and progress in simulation tools

Allowing a good synergies between researchers and safety 
analysts into the several organizations involving in the CSNI 
Fire research projects as PRISME, HEAF and FIRE



Thanks to all PRISME members for fruitful discussions, 

the chairs of the management boards and of the 

program review groups, for managing the projects and 

the OECD/NEA for the high-quality support during these 

years.
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Mr Andreas BYE

Chief Scientist, Programme Manager of the OECD NEA Halden Human-Technology-
Organisation (HTO) Project, Institute for Energy Technology (IFE), Norway

HALDEN HTO
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Exampleof a Human Technology and 
OrganisationProject

Andreas Bye
ProgrammeManager

OECD NEA Halden HTO Project

OECD NEA 
Halden HTO 
Project 11 January2023 Andreas.Bye@ife.no



History, The Halden Reactor Project

ÅOECD Halden Reactor Project 1958 ς

ÅThe Halden Reactor closed down in 2018

I.²wΥ  Ϟ нтΦлсΦнлму



The Halden Reactor Project, process control

Å1967: Process supervision and control
ÅOn the Halden Reactor

ÅOPCOM, 1972. Computerized control of the 
Halden Reactor

ÅHAldenMan-Machine LABoratory, HAMMLAB 
ÅSimulator laboratory, VVER, BWR, PWR, SMR
ÅFirst version 1983 
Å4 versions and buildings since then



The Halden Projects
51

1.1.2021

OECD Halden 
Reactor Project 

1958-2020

F&M Programme

MTO Programme

Halden Projects 
2021 -> 

OECD Halden Reactor Project F&M 
Extended 2021-2023 (database)

OECD NEA Halden HTO Project 2021 -

Other Decommissioning opportunities



OECD NEA Halden HTO Project

ÅInternational collaborative research for the safe and reliable operation of 
Nuclear Power Plants, focusing on Human-Technology-Organisation
ÅOECD Nuclear Energy Agency (NEA)
ÅDivision of Radiological Protection and Human Aspects of Nuclear Safety (RP-HANS)

ÅOperating agent: IFE (Institute for Energy Technology) in Norway
Å3-yearly joint research program

ÅJointly funded by the membership
ÅAgreement signed by 20 Parties in 12 countries
Å42 organisationspre-approved Third Parties (Regulators, Utilities, Vendors, TSOs, R&D centres)
ÅBudget for 2021-2023 is 148 MNOK (13.8 MEUR)

52



Facilities and competence development

ÅHuman-Technology-Organisation(HTO) is about operational safety

ÅThe importance of Human Aspects of Nuclear Safety is emphasized lately (NEA established RP-
HANS in 2014)

ÅHuman aspects are often unexpected and cannot always be predicted

ÅEmpirical research is necessary

ÅHalden has kept an empirical focus with a focus on operational laboratories
ÅHAldenhuManMachine LABoratory(HAMMLAB)
ÅVR-lab (and AR, XR)
ÅCybersecurity lab
ÅSMR simulator
ÅRobotics lab

ÅInterdisciplinary research
ÅPsychologists
ÅNPP operations experts
ÅEngineers, computer scientists

ÅQuantitative and qualitative methods

ÅExamples of University collaborations: NTNU Norway, University of Toronto, Regional College 
Østfold



HAMMLAB, Halden human-machine laboratory

PWR, BWR and SMR simulation 
capabilities



Cybersecurity Centre
55



Nuclear Safety Applications
ÅTechnical basis for guidelines and standards
ÅHuman Factors Engineering (NUREG-0711)
ÅIntegrated System Validation (ISV)

ÅSupport for Human Factors Engineering
ÅVirtual Reality tools and processes for HFE of new plants
ÅHuman System Interface design, guidelines and recommendations

ÅData and knowledge for Human Reliability Analysis (HRA) and safety analysis of digital 
I&C
ÅUnderlying knowledge (e.g., for HRA methods)
ÅPractitioner advice
ÅMethods (comparison study)

ÅKnowledge, advice and best practice for nuclear plants
ÅCrew organization
ÅTraining

ÅExample systems for operations and maintenance
ÅSignal validation

ÅExample systems and robotics utilization for decommissioning

ÅMethods and human handling of cyber-security



01 Human Performance

02 Digital I&C - Safety Assurance

03 Control Room Design & Evaluation

04 Human-Automation Collaboration

05 Digital Systems for Maintenance and Operations

06 Digital Transformation of Decommissioning

07 Cyber Security for Main Control Rooms
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Networking

Å20 Parties in 12 countries

Å42 organisationspre-approved Third Parties

ÅRegulators, Utilities, Vendors, TSOs, R&D centres

ÅCollaboration arenas: 
ÅBoard and PRG meetings (2 per year)
ÅCountry visits every third year 
ÅDǳŜǎǘ ǎŎƛŜƴǘƛǎǘǎ όά{ŜŎƻƴŘŜŜǎέύ
Å2 conferences per 3 years (Enlarged Halden Program 

Review Group Meeting (EHPRG)) 
ÅSummer schools
ÅWorkshops
ÅPhysical
ÅNew after Covid-19: Virtual workshops 
ÅComing: Hybrid workshops and meetings
ÅActive participation in other NEA groups, e.g., 

WGHOF, Expert Groups (e.g., SMR)
ÅActive participation in conferences, especially on nuclear 

safety
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Members of the Halden HTO Project, Parties
Å Canada: CNSC, CNL, COG
Å China: SNERDI
Å France: IRSN
Å Germany: GRS, Framatome
Å Japan: CRIEPI
Å Korea: KAERI
Å Netherlands: NRG
Å Norway: IFE
Å Sweden: SSM, OKG, FKA, RAB
Å United Arab Emirates: FANR
Å United Kingdom: NNL
Å USA: DOE, NRC, EPRI



Values

Dissemination of major outcomes:

ÅTechnical reports
ÅTypical three year period: 
Å75 technical reports
Å60 papers to conferences and journals 

ÅMeetings and Workshops 2021-2022
Å2 Enlarged meetings (one week, presentations of all results)
Å8 general joint workshops
ÅMany workshops and meetings with specific members (Teams workshops, country visits)
ÅHTO is quite broad field, specific thematic workshops are necessary

ÅData from empirical runs, basis for future studies in addition to the reported



Challenges, 1

How safety research joint projects should ensure safety research is performed in 
an efficient and effective manner for the benefit of all stakeholders of the nuclear 
energy sector, given their future expectations for both conventional and a variety 
of innovative technologies?

ÅCost sharing
ÅIƻǿŜǾŜǊΣ Ƴǳǎǘ ōŜ ŘƛǊŜŎǘƭȅ ǊŜƭŜǾŀƴǘ ŦƻǊ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ǝƻŀƭǎ

ÅMechanisms for stakeholder involvement (see networking)
ÅBalance in establishing joint goals as well as fulfilling individual stakeholder goals
ÅDirect stakeholder involvement gives better results, also for other stakeholders

ÅEmpirical research, common data ground
ÅIndependent of the various methods used by different stakeholders



Challenges, 2

How safety research joint projects could better serve development and 
maintenance of key competences and research infrastructures, including 
education of new talents for the future of the nuclear energy sector?

ÅInfrastructure is important, including human resources in maintaining 
infrastructure
ÅLabs are a good mechanism to gather and keep competent people

ÅExchange mechanisms such as guest scientists

ÅSummer schools



Challenges, 3

What could be the new approaches and arguments for facilitating decisions from 
public and private stakeholders of the nuclear energy sector to fund the future 
safety research joint projects for the benefit of nuclear innovation and safety in 
general?

ÅOld argument: The nuclear sector must be science based! 

ÅTrends in nuclear: 
ÅNew builds
ÅNew technology (SMRs)
ÅGeneral technology development in the society require new safety guards (cyber security)

ÅHTO importance:
ÅThere is a technology drive in the society that challenges safety (digital I&C, cyber, AI)
ÅHuman interaction with technology changes and must be tested (more automation)
ÅFrom manual operation to surveillance, this changes the operator role
ÅExample SMR: Surveillance of many (simpler?) small units is cognitively different from surveillance of 

one big (more complex?) unit



Challenges, 4

What mechanisms could be set to establish future priorities for international co-
operation in nuclear safety research?

ÅInternational cooperation is important

ÅNEA has a vital role in nuclear safety collaboration
ÅEstablishing the arena
ÅStandard agreements
ÅBest practices in e.g., export control

ÅThe meetings of decision makers to set priorities is important in this respect 
(e.g., CSNI)

ÅThorough processes in due time is needed in order to get stakeholders on board



Insights on future R&D needs and trends

ÅWe have proposed a new Halden HTO programmefor the period 2024-2026

ÅCountry visits to all partners autumn 2022

ÅMain trends: 
ÅPlant modernization (e.g., U.S. DOE Light Water Reactor Sustainability program)
ÅIncluding efficiency considerations of plant organizations to be more competitive

ÅNew builds, Gen III+ and smaller plants
ÅSafety focus: Analysis (PSA/HRA) and design  (human role and digital I&C)
ÅSMRs
ÅHuman-automation collaboration and multi-unit operation

ÅNon-electric application of nuclear power
ÅAdaptation to energy grid based on renewables, e.g., Load following
ÅHydrogen production

ÅCyber security
ÅDecommissioning (e.g., robotics)
ÅSafety culture and organizational factors
ÅCompetence (re-)building



Conclusions

ÅJoint safety research projects are needed in nuclear

ÅNEA plays an important role as facilitator

ÅHuman aspects are vital for nuclear safety

ÅThe OECD NEA Halden HTO Project is a success story of establishing a new safety 
project based on a long history from the Halden Reactor Project
ÅA new Halden HTO programmefor the period 2024-2026 is proposed



Thankyou!

Andreas.Bye@ife.no
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OUTLINE

ǒSMILE Project overview

ǒInitiation and Development of the SMILE project 

ǒMain outcomes and highlights
ÅFacility and competence development
ÅNuclear safety application
ÅNetworking and collaborations 
ÅValues

ǒFuture needs

ǒConclusion
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SMILE OVERVIEW  - THE NEED

ǒ Studsvik has launched SMILE (Studsvik Materials Integrity Life Extension), a 
project that supports LWR operators and authorities worldwide in plant ageing 
management

ǒ The main objective is to provide critical data and mechanistic understanding of 
materials ageing mechanisms in support of plant ageing management, life 
extension programs and operating license renewals

ǒ The experimental approach leverages a unique opportunity to harvest materials 
from Swedish LWRs that have recently shut down after 40+ years of operation
Å Examination and testing of fully aged materials directly relevant to LWRs will provide information 

that can be used to improve and develop models for the prediction of ageing

ǒ SMILE is a 5-year project that started in January 2021
Å Currently SMILE has 15 member organizations from 8 countries
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SMILE TASK STRUCTURE
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Subtask 4.1
DMW and SS welds; SCC 
resistance in BWRs and 

PWRs

Subtask 4.2
Alloy 690/152/52 

PWSCC resistance and 
thermal stability in PWRs

Subtask 1.1
Acquisition of materials 

Subtask 1.2
Documentation of all 
harvested materials

Subtask 1.3
Calculations

Subtask 2.1
Irradiation 

embrittlement

Subtask 3.1
Irradiation 

embrittlement Including 
SS welds

Subtask 3.2
IASCC and corrosion 
fatigue susceptibility

Task 1
Materials library

Task 2
RPV ςIrradiation & 

thermal embrittlement

Task 3
SS core support 

structures and internals

Task 4
Austenitic pressure 

boundary alloys
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INITIATION - HISTORYOFSMILE 

2012 ςstartup of the first LTO project in Studsvik  

2015 Decision to close Ringhals1 and 2 and 

Oskarshamn 1 and 2

2015-2016 - Idea for an 

OECD/NEA project develops 

December 2016 ςThe SMILE project proposal is 

presented and endorsed  by CSNI 

January 2021

2016 - First contacts with Swedish 

organisations. 

2017-2019 ςMore than 50  customer meetings 

presenting and discussing the SMILE project 

January 2020 ςExpert meeting at the OECD/NEAs head quarter in Paris

2020 - Additional meetings and modifications of project proposal based 

on participating countries and their priorities 

May 2018 - A draft version of the 

project proposal is sent to the 

Swedish organizations

2022-01-11



MAIN HIGHLIGHTS

ǒSMILE addresses aging mechanisms of structural materials used in the primary 
coolant systems of LWRs
ÅFocus on high-priority knowledge gaps identified in e.g., the EPRI (Electric Power Research 

Institute) materials damage matrix (MDM) studies
ÅBased on methodologies for materials aging management, such as the EPRI Issue Management 

Tables (IMTs), and the IAEA International Generic Ageing Lessons Learned (IGALL)

ǒSMILE leverages a unique opportunity to examine and test materials harvested 
from Swedish reactors decommissioned after 40+ years of operation

ǒSMILE includes examination and testing of e.g.:
ÅHighly irradiated wrought stainless steel and weld metal after 40+ years in service
Å!ƭƭƻȅ сфл ŀƴŘ !ƭƭƻȅ рн ǿŜƭŘ ƳŜǘŀƭ ŦǊƻƳ ǘƘŜ ǿƻǊƭŘΩǎ ǎŜŎƻƴŘ ƻƭŘŜǎǘ ǊŜǇƭŀŎŜƳŜƴǘ ǎǘŜŀƳ 

generator(1989)  and oldest RPV head (1995)
ÅRPV steel from very low dose, to very high dose, including archive material, as well as BMI nozzles
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MAIN OUTCOMES/ HIGHLIGHTSςFACILITIESAND COMPETENCE

ǒDevelopmentof Materials Library(Task 1)
ÅHarvesting materials - methodologies
ÅTransporting to hot cell
ÅDeveloping Infrastructure for handling and 

storage for larger pieces of activated materials

ǒResidual stress measurements on activated/aged 
materials (Tasks 2, 3 and 4) 

ǒDevelopment of NDE on large (activated) 
materials (Tasks 3 and 4)

ǒImprovement He and H analyses (Task 3)
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MAIN OUTCOMES/ HIGHLIGHTS- NUCLEAR SAFETY APPLICATION

ǒThe main objective is to provide critical data and mechanistic understanding of 
materials ageing mechanisms in support of plant ageing management, life extension 
programs and operating license renewals

ǒExamination and testing of fully aged materials directly relevant to LWRs will provide 
information that can be used to improve and develop models for the prediction of 
ageing
ÅExpandand validateexistingdata basefor irradiatedstainlesssteeland nickel basealloysto higher

doses(Task 3)
ÅValidateor compareto previoustest reactordata results(Task 3) 
ÅInvestigation of the reliability of currently used irradiation embrittlement models (Tasks 2 and 3)
ÅValidatecurrentstress corrosioncrackinggrowth rate data & modelson irradiated/agedreal plant 

components(Tasks 3 and 4)
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Time schedule
Subtasks Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Transports

Task 2.1  Irradiation Embrittlement of RPV steels

Task 3.1 Irradiation Embrittlement including SS welds

Task 3.2 IASCC  and Corrosion Fatigue Susceptility

Task 4.1 Austenitic Pressure Boundary Alloys

Task 4.2  Alloy 690 - PWSCC Resistance and Thermal Stability

Final Report 

2023 2024 2025



NETWORKING AND COLLABORATIONS 1 (2)

ǒTwoin person meetings per year
ÅDefining common priorities
ÅPresentations and discussionon test resultsand test plans
ÅWorkshops on specificissuesor results

ǒSMILE members
ÅUtilities,
ÅRegulators
ÅTSOs
ÅUniversitiesand Research Organizations
ÅNew members
ÅChina (CNPO, SNERDI, NSC) 
ÅFinland (VTT)
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NETWORKING AND COLLABORATIONS 2 (2)
ǒCollaboration
ÅUniversitiesand research organizations
ÅSideprojectson harvestedmaterial
ÅMPA ςlinkedto other research projects
ÅSCK CEN ςlinkedto other research project
ÅVTT ςlinked to national research programme
ÅWorkshops on International Harvesting Cooperation  
ÅWGIAGE/NEA
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VALUES1 (2)

ÅIrradiation embrittlement of RPVs (Task 2)
ÅContributing to the development/validation of 

predictive models by studying the metallurgical 
reasons for irradiation embrittlement

ÅIrradiation embrittlement and IASCC of RPV 
internals, including welds (Task 3)
ÅImproving the understanding of susceptibility to 

IASCC and reduction in fracture toughness as a 
function of neutron irradiation
ÅMinimizing uncertainties in databases regarding 

effects of dose rate and void swelling  for irradiated 
austenitic stainless steels and nickel base alloys
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PWR RPV 
internals

BWR core shroud



VALUES2 (2)

ÅSCC of DMWs and SS welds, and PWSCC 
resistance and thermal stability of high 
chromium nickel base alloys (Task 4)
ÅUnderstanding if the long-term effectiveness is 

adequate where IGSCC mitigation techniques have been 
utilized
ÅTesting addresses gaps in long term stability (LRO), 

stress relaxation and resistance to SCC of Nickel base 
and Stainless steels

ÅBenchmark neutron dose calculations by 
gamma spectroscopy of harvested material 
(Tasks  1, 2 and 3)

Alloy 690 CRDM penetrations
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CHALLENGES RELATEDTO THE PROJECTDEVELOPMENT

It has been challenging to;

ǒSet the priorities of the work programmein a balanced way maximizing the 
members various interests 

ǒReceive a timely commitment for participation and sufficient funding for a rather 
cost-intensive project

ǒAdapt the work programmeto revised time schedules of external activities, such as 
the harvesting schedules

ǒAttract some organizations already involved in national/international activities in 
the same topical area considering the fee allocation principle is based on country

ǒCoordinate with side-projects 
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FUTURE NEEDS

ǒRemaining Gaps
ÅSMILE focus on high-priority knowledge gaps identified in e.g., the EPRI (Electric Power Research 

Institute) materials damage matrix (MDM) studies
ÅHigh priority Gaps not covered in SMILE i.e. 
ÅEnvironmental effects on Fatigue resistance; Pressure Boundary Components
ÅThermal and Irradiation Embrittlement Synergistic Effects on CASS
ÅSteam Generator Tubes and Internals Wear and High Cycle Fatigue
ÅCass Piping Component Thermal Aging Embrittlement and Long-Term Integrity Assessment

ǒNew findings

ÅThe project is still early in life and results are to be finalized

ǒAdditional harvested material aiming for life extension beyond 60/80 years
ÅHigher doses 
ÅFurther aging

ǒIncorporationof resultsin models, plant ageingmanagement and regulationsare
beyondthe SMILE project
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CONCLUSION
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¶ The SMILE project leverages a unique opportunity to extract and test real plant aged 
materials and components with the aim of improving and validating the knowledge 
of materials ageing phenomena and their kinetics

¶ Harvesting of materials from decommissioned Swedish BWRs and a PWR

¶ Establishment of a materials library at Studsvik

¶ Examination and testing in three experimental tasks:
ü Irradiation embrittlement of RPVs
ü Irradiation embrittlement and IASCC of RPV internals, including welds
ü SCC of DMWs and SS welds, and PWSCC resistance and thermal stability of high chromium nickel 

base alloys

¶ Performing research within the framework of an international project is an efficient 
use of limited resources.

¶ Because SMILE is an international cooperative project, it enables interaction and 
exchange of knowledge, experience, etc. among countries, various types of 
organizations (regulators, utilities, vendors, laboratories, etc.), and age generations.
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