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SOTERIA is an on-going H2020 project which proposes a comprehensive research approach in order to
enable nuclear power plant operators, as well as regulators, to better understand and thereby predict the
ageing phenomena occurring in reactor pressure vessels and internal steels to ultimately ensure a safe
long-term operation of existing European nuclear power plants.
The SOTERIA approach is based on an end-user perspective and has planned the set-up of simulationoriented experiments aiming to validate models at different scales.
The fourth edition of the SOTERIA newsletter focuses on the technical progress of the different work
packages since last February, when the newsletter #3 was issued. There is also a section dedicated to the
recent and successful Midterm Workshop held in Prague, with the attendance of approximately fifty
professionals (a link to the presentations of the Workshop is included). In the “Upcoming Events” section
detailed information about the forthcoming Training School in Valencia, in September, is included, as well as
a brief reminder of the General Assembly fall meeting in Finland. Moreover, some notes about the next
NUGENIA Technical Area 4 meeting in Madrid (June), have been added.
Remember that all the publications and presentations prepared by the SOTERIA team members since project
start are available on our public website, as well as further information.
We would also like to remind that the SOTERIA End-User Group is still open to equipment manufacturers,
vendors, and operators (if interested, please contact Julien Vidal at julien.vidal@edf.fr).
The SOTERIA project partners

Progress in evaluating uncertainties in fracture toughness
measurement on irradiated RPV steels and mitigation
approaches (WP3)
The uncertainties in determination of reactor pressure vessel (RPV) fracture toughness have been
addressed on the SOTERIA Mid-term Workshop on 9, 10 & 12 April 2018 in Prague (Czech Republic) by
presentations on the effect of materials heterogeneities on mechanical properties at initial state, on the
effect of initial materials inhomogeneities on microstructure and mechanical properties at irradiated state,
and on the effects of additional uncertainties and handling and mitigation of uncertainties (see
presentations here).
Further examinations of several RPV materials by hardness measurements, fracture toughness tests, and
SEM, EBSD and TEM analyses highlight the effects of material inhomogeneities on the mechanical
properties of RPV steels. The large scatter of the impact and fracture property data can be explained by the
different locations of the specimens. Regarding chemical analysis a non-negligible uncertainty in weight %
was found for some chemical elements, such as C, P, S, Cu and Ni playing an important role in aging
mechanisms of RPV steels.
Regarding material heterogeneities and the role of non-metallic inclusions it was found that for the base
materials ANP-3 and ANP-4 the primary initiation site is not characterized by a specific microstructural
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feature (precipitate or inclusion), whereas for the weld material VTT-1 the initiation sites of two specimens
revealed a brittle Si and Mn rich particle (see Figure 1).

Figure 1 – Primary initiation sites of base material ANP-3 (left) and weld material VTT-1 (right)

Progress in environmental effects on IASCC
susceptibility of reactor internals (WP4)
WP4 focuses on understanding the influence played by the environment on reactor internals irradiatedassisted stress corrosion cracking (IASCC) susceptibility with a particular focus on: irradiation effects (e.g.
neutron, helium), material condition (e.g. cold work) and environmental factors (e.g. water chemistry,
hydrogen additions). This work package aims to creating data which can be fed back into fracture models to
predict IASCC.
At present, a huge effort has been made securing neutron irradiated material for SCC (stress corrosion
cracking) testing and advanced characterisation. Licensing of an active autoclave is complete and soon trial
testing will start. Successful slow strain rate tests (SSRT) on helium implanted material has advanced the
knowledge of synergetic mechanisms causing IASCC. Proton irradiations have been performed to simulate
neutron damage in a short amount of time (relative to in-service) by University of Manchester and
Framatome. Characterisation of the radiation damage is underway by the University of Manchester.
Demonstration testing of the four-point bend geometry is about to commence on as-received material
prior to investigating proton irradiated material. Various experiments and characterisation studying the
effect of material condition (e.g. cold-worked) and the effect of environment (e.g. hydrogen content) have
made progress since the beginning of SOTERIA.

Progress in the development, validation and integration of
models to assess RPV and internals components under
irradiation (WP5)
On May 17th and 18th, the WP5 Technical Meeting was held at EDF R&D, France: latest developments in the
work package were presented for 2 days. During that meeting, Marc Berveiller, leader of WP5, announced
his departure from the SOTERIA project and presented Julien Vidal from EDF R&D, who is going to
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substitute him in the project. All tasks were found to proceed according to schedule, the progress of each
of them are summarized below:
➢ In Task 5.1, nineteen communications in peer reviewed have been published so far in particular
researches on the interaction between solutes atoms and point defects or point defect clusters
within Density Functional Theory were carried on while microstructure modelling based on Kinetic
Monte Carlo were performed in order to reproduce experimental data from SOTERIA.
➢ In Task 5.2, extensive comparisons between FEM (Finite Element Method) and FFT (Fast Fourier
Transform) were presented, in particular, to estimate the intergranular stress. Moreover, the final
report on the validation of physically-based constitute law for RPV and Internals was also discussed.
➢ In task 5.3, latest results on intergranular fracture examination and the effect of grain boundaries on
both RPV and internals and the effect of localized heterogeneities on fracture based on a stochastic
local approach were presented.
➢ In task 5.4, fracture tools included in the platform have been presented (Charpy impact tests or CT
models), showing the capability of the platform to estimate the shift in transition temperature for
irradiated samples from experimental tensile curve.
Moreover, a new version of SOTERIA Platform will be released in the beginning of July 2018, available for all
members of the SOTERIA Consortium and the End-User Group. The new version highlights an extended
connectivity between experimental data and simulation, with the possibility to upload users’ data and to
directly use them as input: possibility to compute hardening from microscopy data has been included in
addition to the previously developed tensile curve loading as input of finite element models.
New case studies have been added covering microstructure and mechanical modelling through a detailed
hands-on exercise: significantly deeper insights in the capability of the platform is foreseen together with a
more efficient survey of user experience with the platform and their needs. A User Group meeting will be
held on June 22nd, 2018 at EDF R&D in Les Renardières, France: more than 10 people from End-User Group
and SOTERIA members have registered so far. For registering to that meeting, people contact Julien Vidal at
julien.vidal@edf.fr

SOTERIA Mid-Term Workshop – 9-10 & 12 April, Prague
From the 9th to 12th of April the SOTERIA Mid-Term Workshop was
held in Prague, organised by Tecnatom. The workshop was
celebrated in parallel with the NUGENIA event, Annual Forum &
Nuclear Days 2018. Almost fifty professionals among researchers
and engineers involved in the SOTERIA project, as well as from
international organisations (EPRI, Mitsubishi) attended to the
workshop. All the presentations of the Mid-Term Workshop are
available here.
In this forum, the most recent SOTERIA advancements were shown, remarking that there is only one and a
half year left to the end of the project. The percentages of attendees to the workshop are shown below:
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Participants involved in SOTERIA

26%

Organisation in the consortium, participant not
directly involved in SOTERIA
Other participants

14%

60%

During the workshop a Joint Technical Session, with other NUGENIA projects (NOMAD, ADVISE, INCEFA+,
ATLAS+ and MEACTOS), was organized and specially designed with the aim of exchanging information and
available results, enhancing synergies and building collaborations for the investigation on the radiation
effects on nuclear power plant components. Information exchange will be continued in future meeting,
such as the NUGENIA Technical Area 4 meeting to be held in Madrid on June 6th and 7th.

SOTERIA Upcoming Events
SOTERIA TRAINING SCHOOL
3-7 September 2018, Valencia

A training school will be held in the Polytechnic
University of Valencia, from the 3rd to the 7th of
September with the following topics:
➢ Reactor pressure vessels (RPV).
➢ Vessel internals.
➢ Multiscale modelling.
The training school is mainly addressed to
students, post-docs and early career professionals
who want to improve their understanding of
reactor pressure vessel and internals materials
degradation mechanisms, but it is open to any
scientist or engineer working on this area. The
training school is a tool for supporting the
education of early career specialists who will be
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involved in the safe long-term operation of
existing nuclear power plants and in the
implementation of the new generation of
reactors. Furthermore, this event will facilitate the
transfer of knowledge between the two research
communities involved in SOTERIA: experimental
research and modelling.
Participation in the training school is free of
charge, whereas expenses for transport and
accommodation need to be covered by the
attendees. Training school participants can apply
for a mobility grant within the H2020 ENEN+
project. ENEN (the European Nuclear Education
Network) mobility grants are intended for
learners, who would like to improve their
knowledge, skills and competitiveness for career
opportunities in the nuclear fields.

Deadline for registration to the SOTERIA training school: Friday, 22 June 2018
To register and read more about the training school, please visit the following website

Preliminary AGENDA
SOTERIA TRAINING SCHOOL DAY 1

Monday 3rd September
SESSION 1: REACTOR PRESSURE VESSELS (RPV)
9:00 – 9:45

General introduction: RPV

9:45 – 10:30

Irradiation effects on RPV: microstructure & mechanical properties

10:30 – 11:15

Fundamentals on mechanical testing

11:15 – 11:45

Coffee break

11:45 – 12:20

Fundamentals on microstructural techniques

12:20 – 13:00

Surveillance programmes and RPV integrity assessment

13:00 – 14:30

Lunch

14:30 – 15:10

Pressure-temperature limit curves

15:10 – 15:50

RPV Long-term operation (LTO) issues

15:50 – 16:30

Effect of materials heterogeneities on mechanical properties at initial state

16:30 – 17:00

Coffee break

17:00 – 17:45

Effect of materials heterogeneities on microstructure and mechanical properties at
irradiated state

SOTERIA TRAINING SCHOOL DAY 2

Tuesday 4th September
SESSION 1: REACTOR PRESSURE VESSELS (RPV)
9:00 – 9:45

Flux effect

Thermal stability of irradiation induced solute-vacancy-carbon complexes in
RPV materials
SESSION 2: VESSEL INTERNALS
9:45 – 10:30

10:30 – 11:15

General Introduction: Internals

11:15 – 11:45

Coffee break

11:45 – 12:20

Fundamentals on corrosion, stress corrosion cracking (SCC)

12:20 – 13:00

Irradiation effects on Internals: microstructure & mechanical properties
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Tuesday 4th September
13:00 – 14:30

Lunch

14:30 – 15:10

Irradiation assisted stress corrosion cracking (IASCC)

15:10 – 15:50

Engineering models used for plant life management (PLiM)

15:50 – 16:30

Physically-based constitutive equations for irradiated RPV and internals

16:30 – 17:00

Coffee break

17:00 – 17:45

Dose-dependent nano-features and their effect on intergranular cracking
susceptibility

SOTERIA TRAINING SCHOOL DAY 3

Wednesday 5th September
SESSION 2: INTERNALS
9:00 – 9:45

Flux effect on the radiation damage of austenitic steels

9:45 – 10:30

Effects of He on IASCC susceptibility

SESSION 3: MULTISCALE MODELLING
10:30 – 11:15

Nanoscale modelling techniques (RPV)

11:15 – 11:45

Coffee break

11:45 – 12:20

Mesoscale modelling techniques (RPV)

12:20 – 13:00

Polycrystal-scale modelling techniques (RPV)

13:00 – 14:30

Lunch

14:30 – 16:30

Interactive Session 1: RPV Embrittlement

16:30 – 17:00

Coffee break

17:00 – 17:45

Interactive Session 1: RPV Embrittlement

SOTERIA TRAINING SCHOOL DAY 4

Thursday 6th September
SESSION 3: MULTISCALE MODELLING
9:00 – 11:15

Interactive Session 1: RPV Embrittlement

11:15 – 11:45

Coffee break

11:45 – 13:00

Interactive Session 2: Internals

13:00 – 14:30

Lunch

14:30 – 16:30

Interactive Session 2: Internals

16:30 – 17:00

Coffee break

SOTERIA Newsletter - Issue #4 – June 2018

SOTERIA TRAINING SCHOOL DAY 5

Friday 7th September
SESSION 3: MULTISCALE MODELLING
9:30 – 10:15

Nanofeature models due to irradiation for RPV and Internals

10:15 – 11:00

Improvement of the physically-based constitutive equations and
the post-irradiation fracture response of RPV steels

11:00 – 11:30

Coffee break

11:30 – 12:15

Fracture models for RPV and for the IASCC of Internals

12:15 – 13:00

Wrap-up and conclusions

NUGENIA Technical Area 4 Meeting
6-7 June 2018, Madrid
A meeting of NUGENIA TA4 will be held in Tecnatom
headquarters, 18 km to Madrid downtown.
The aspects considered in this TA include the
definition of integrity assessment over the whole life
cycle, the various degradation mechanisms, ageing
issues, safety margins and harmonisation issues.
In this meeting, relevant running projects and ideas
for areas which require deeper research will be
presented and discussed, debating on necessities
and roadmap for future researches.

SOTERIA General Assembly
7-8 October 2018, Helsinki
The SOTERIA General Assembly meeting will be
held in VTT headquarters (Espoo, Helsinki), the 7th
and 8th of October.
In the short-term an agenda with the topics and
speakers will be delivered to the consortium.
Besides, a specific registration website with more
information will be set up and distributed.
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The SOTERIA consortium includes the following organisations:
COMMISSARIAT A L’ENERGIE ATOMIQUE ET AUX ENERGIES ALTERNATIVES – CEA
WOOD GROUP (previously AMEC FOSTER WHEELER NUCLEAR UK LIMITED)
AREVA NP SAS
FRAMATOME-G (previously AREVA GMBH)
ARTTIC
CENTRO DE INVESTIGACIONES ENERGETICAS, MEDIOAMBIENTALES Y TECNOLOGICAS - CIEMAT
CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE - CNRS
CENTRUM VYZKUMU REZ S.R.O.
ELECTRICITE DE FRANCE - EDF
HELMHOLTZ-ZENTRUM DRESDEN-ROSSENDORF EV - HZDR
INSTITUT DE RADIOPROTECTION ET DE SURETE NUCLEAIRE - IRSN
JOINT RESEARCH CENTRE- EUROPEAN COMMISSION - JRC
INSTITUT JOZEF STEFAN - IJS
KUNGLIGA TEKNISKA HOEGSKOLAN - KTH
PAUL SCHERRER INSTITUT - PSI
PHIMECA ENGINEERING
CENTRE D'ETUDE DE L'ENERGIE NUCLEAIRE FONDATION D'UTILITE PUBLIQUE – SCK-CEN
TECNATOM S.A.
UJV REZ, A.S.
THE UNIVERSITY OF MANCHESTER - UoM
UNIVERSITAT POLITECNICA DE CATALUNYA - UPC
VATTENFALL AB
ECOLE NATIONALE SUPERIEURE D'ARTS ET METIERS
TEKNOLOGIAN TUTKIMUSKESKUS VTT OY - VTT
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