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SUMMARY

Nuclear energy idully recognized by the SEplan as a lowcarbon energy sourceThe
correspondingkey actionis "Maintaining a high level of safety of nuclear reactors and
associated fuel cycles during operation and decommissgniwhile improving their
efficiency . Materials have an important role to play to reach this objective.

The Sustainable Nuclear Energy Technology Platform (SNETP) eniaiotise
European nuclear industiyill continue to deliver safe lowarbonnuclear energy for the
present and the coming centuries, with a commitment towards even higher safety standards
and sustainability Building GenlV fission reactors and systeimgart of this visiorand
commitment The sodium fast reactor (SFR) is the nmoature technologyof this type lead
cooled fast reactors (LFR) are considered the next technology, while gas cooled fast reactors
(GFR) are a longer term alternatigustainable (GenlV) nuclear energy systems allow the
nuclear fuel cycle to be closed @rthe energy output from available resources to be
substantially increased, whileducing the quantity an@mproving the management of high
level radioactive waste through transmutation processé&be performance of nuclear
(structural and fuel) materialgs an essential point to make GenlV reactors a reality. The
safety and the feasibility of GenlV nuclear system concepts and their optimization will
indeeddepend crucially on the capability of the chosen materials to withstand the expected
extremeoperatingconditions characterised by high temperature, prolonged irradiation, and
chemically aggressive environmenkdaterials with the required propertiemust therefore
be selected or developed, properly qualified, and their behaviour in operatioly ful
understood. Because of this pivotal importance of materials in view of safety and
sustainability of nuclear energy, as well as innovation in the energy field in general, a Joint
Programme on Nuclear Materials (JPNM) finds its natural place within ttogp&an Energy
Research Alliancg&EERA)

The objective of the EERA JP on Nuclear Materials isirgprove safety and
sustainability of nuclear energy by focusing on materials aspedtsis has two implications:

1. Better knowledge ofmaterials behaviourunderoperating conditions, seeking predictive
capability, to select the most suited materials and define safe design rules, especially
allowing for radiation and temperature effects, while caring for compatibility with
coolants.

2. Development ofnnovative mateials with superior capabilities, either through suitable
processing methods applied to existing materials or adoptibnew types of materials,
in terms of resistance to high temperature, irradiation and aggressive environments.

Thethree grandchallengescorrespondingly identified are

- Grand Challenge: Elaboration of design rules, assessment and test procedures for the
expected operating conditions and the structurand fuel materials envisagedhis
involves deployment of infrastructures fogxposure to ageing and for testing of
materials, and for production of data and knowledge, which is currently limited.

- Grand Challenge :2 Development of physical models coupled to advanced
microstructural characterization to achieve higlvel understandig and predictive
capability: an essential asset, given the scarcity of experimental data and the difficulty
and cost of obtaining them.

- Grand Challenge :3Development of innovative structural and fuel materials with
superior thermemechanical properties ah radiationresistance or, in general, of
nuclearrelevance, in partnership with industry.

Consistently with these challengesiet EERA JPNM is currently structuredsii sub
programmes four on structural materials and two on fuel, covering for each sclas
materials the full spectrum of activities, from fundamental research on the physical




mechanisms responsible for degradation effects to the-poemative research that feeds
the design codes used by the designers, passing through the development ohaiewals
or new processes for their fabrication that improve their propertias illustrated in the
Figure below The TRL of all remains belowhin the mandate of JPNM
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The present Description of Work (DoMaddresses the actions to be envisaged in the

period 20162020 to address the above challenge&/hile the present document provides

the general framework, detailed tasks, milestones and deliverables are given in the DoW

of the different subprogrammes(SR).

Threeare theinstruments of implementatiomsed namely:

9 Joint Technical Teams (JTThese correspond to thecientific communityinvolved in
each SP, that meets regularly (at least annually) in targeted workshops or other
meetings to monitor andshare results and discuss collaboratiolilf Ts may flexibly
involve the whole SP, be transversal to SPs, or correspond to the subset of a SP. JTTs
exist permanently, although the members may be changing, and constitute the core of
the human resources of théP.

I Task Forces (TF)hese are groups of experspecifically appointed to provide specific
answes to questiors that can be of scientifictechnical nature or of
coordination/funding instrument kindand are expected to finally deliver a report on it.

It is supposed to be in charge for a limited amount of time, generally ~1 year.

f Pilot Projects (PP)These are smafirojects(~23a € Y df #atbe focused on precise
topics that result from the convergenceof research interests and lines askveral
organisations from different MS. The typical duration is expected to-Bey8ars. They
are the main instrument for the alignment of research actions between different
organisations and MS, constitute the research portfolio of the JPNM and are the
backbore of thepresentDoW.

There are in totaturrently 48 organisationscontributing to the JPNMof which17 are

full members overall committing more thar200 PY/Y, based on what they declared@he

countries represented are 17
The community of organisations involved in the EERA JPNM disposes altogether of a

wide range of infrastructures and facilities of relevance for research on nuclear materials

irradiation devices riaterials testing reactorsMTRgX A2y | OOSf SNI (12 NA X

autoclaves for the exposure of materials to aggressive fluids (includipdeirioops, i.e.

loops inside MTRs); hot cells for the manipulation of radioactive materials; hot and cold

laboratories for mechanical testing ued a variety of conditions; workshops for the
fabrication of specimens, including miniaturized specimens; different advanced techniques
for microstructural examination. A list of available facilities dating back to the year 2012 is

X0



given as Annex to thisodument. An updated mapping and revision of the list of

infrastructures and facilities is being compiled and, when finished reylacethe current

Annex.

International cooperationis ongoingmainlyat the level of bilateral, and often informal,
agreemetts. Cooperation is mainly with American and Asiatic countriége main
instrument to make the cooperation official is through the involvement of cooperating
organisation in Euratom project.

Concerningeducation and training efforts have been and will dtibe made to organise
attractive summer schools within Euratefunded projects The real added valugould
ideally come, however, from the stable organisation of &uropeanMaster on Nuclear
Materials For this purpose however,significant resources are definitely neededttempts
are being made to get funding foraropean Training Netwo(ETN on nuclear materials.

Disseminationof the results of the work performed within the JPNM is essential for the
impact of the JP and therefore also for its visibility. TR&IM websitgwww.eerajpnm.eu
is continually evolving and éfundamental instument for the visibility of the JPNM and the
dissemination of its results, as well as for the JPNM management. It is therefore crucial to
maintain it in permanence.

Themanagementof the JPNM follows the Internal Rules of EERA AISBL, that hold for all
JPsThe funding will be a blend of institutional, national and European money.

Theadded valuecan be summarised itO points:

1. The JP creates a community where researchers can recognise themselves and find a
framework to leverage their ideas and initiativiesough transborder collaboration;

2. The JP centralises the collection and dissemination of data, results, information on
events, within the community;

3. The JP takes care for the needs of the scientific community as a whole and promotes it in
the outside wold;

4. The JP strives to coordinate national and European project proposals based on joint
prioritization and mediurvterm planning;

5. The JP optimises the use of funding resources for targeted priorities, by focusing
institutional, national and European fundswards common goals;

6. The JP benefits from previous project results on which it builds future ones, maintaining
stable research lines;

7. The JP may receive recognition of excellence by MS and EC, leading in the {teedium
long term to dedicated support (condin: credibility);

8. The JP acts as single interlocutor and entry point for exchange and collaboration with all
stakeholders: EC and MS, industry, and other platforms, including international
organisations (GJFAEANEAOECR ;X 0

9. The JP promotes cro$artilisation with other energy technologies and maintains the
recognition of nuclear energy as lesarbon technology;

10. The JP may potentially coordinate the organisation of irradiation campaigns, making best
and most affordable use possible of existing faedi while bridging between fission and
fusion.



http://www.eera-jpnm.eu/

1. Background*

1.1 SET-plan and SNETP

Nuclearpower plants (NPPgrovide energy with very limited G@ootprint at stable and
comparably low prices, thereby guaranteeing secure and reliable supply ofldzte
electricity. More than 1/4 of the electricity in Europe comes from sIRRIclear energys
therefore fully recognized by the SEjlan asa low-carbon energysourceand enters the
plans for a ResilientEnergy Unioh Accordingly the Integrated Roadmap issued in
December 2014, includes as Heading 5 in the Part Il of the Annex a secti@upmyolting
Safe Operation of Nuclear Systems and Developn@nSustainable Solutions for the
Management of Radioactive Waste

Amongst theSETplan 10 key actions identified on the basis of the Integrated Road anagh

used as a starting point for discussions with Member States and stakeholders on the
prioritisation ofenergy researclactivities in Europe, nuclear energy entas10" objective

as follows:"Maintaining a high level of safety of nuclear reactors andsagiated fuel cycles
during operation and decommissioning, while improving their efficiehcyAs will be
outlined here materials have an important role to play to reach this objective

Three main open issues remainoncerning nuclear energyl) accidentisks; (2) longlived
nuclear waste(3) sustainable use of resources

The Sustainable Nuclear Energy Technology Platform (SNETP) released a Strategic Research
and Innovation Agenda (SRIAh February 2013and the corresponding Deployment
Strategy (DS)in June2015. Together, these documents defirdearly the three pillars for

nuclear energy research and demonstratiarthe following decadesas follows:

1 Support the fully safe operation of present and newly built light water reactr8VR)
so-called Genll/lll reactorsallowing the development of sustainable solutions for the
management of radioactive wastes;

1 Prepare the development and demonstratiai advanced fast neutron Gen®lxeactor
technologies associated with a closed fuel cyolenhancethe sustainability of nuclear
energy;

i Promote the use of nuclear energy beyondlectricity generation namely in
cogeneratiorof heat or hydrogen production or watelesalination.

Three platformspillars of SNETPEorrespondingly take over these challenges, namely:

! Much in this section recalls and summarizes concepts expressed already in the vision paper of the
JPNM (http://www.eera-jpnm.eu/?q=jpnm&sg=nboard) and in the Strategic Research Agenda (to be
issued).

2 The link address isittp://eur -lex.europa.eu/resource.html?uri=cellar:1bd46eb8d4-11e4bbel-
0laa75ed71a1.0001.03/DOC 1&format=PDF

% https://setis.ec.europa.eu/system/files/Towards%20an%20Integrated%20Roadmap_0.pdf
* http://www.snetp.eu/wp-content/uploads/2014/05/sria2013 web.pdf
® hitp://www.snetp.eu/wp-content/uploads/2016/01/SNEFREPLOYMEMNITRATE@015WEB.pdf

® See Technology Roadmap of the Generation IV International Forum: https://www.gen-
4.org/gif/upload/docs/application/pdf/2014-03/qgif-tru2014.pdf
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I TheNUclear GENeration Il and Ill AssociatiNtGENIA since its launching in March
2012, this is aninternational association mandated by SNEWRosemain role is to
develop R&D supporting safeeliable, and competitive second (present) attdrd
generation nuclear systems.

I The European Sustainable Nuclear Industhmiiative (ESNII)officially launched in
November 2010 under the SET RI&ENIllpromotes advanced fast reactors with the
objectiveof resource preservation and minimisation of therden of radioactive waste.

1 The Nuclear Cogeneration Industrial InitiatigdC2l) it aims at demonstrating an
innovative andcompetitive energy solution for the lowarboncogeneration ofprocess
heat and electricity basedn nuclear energy.

The vision oSNETHs thatthe European nuclear industry can continue to deliver safe low
carbon nuclear energy for the present and the coming centuries, with a commitment
towards even higher safetgtandards and sustainability, by following two overlapping
phases:

1 Safe extended operation of existing Genll/lll nuclear power plants-{emng operation,
LTO), including new builds and the construction of GenlV prototypes;

1 Subsequent deployment of Gaéhlfission reactors and systems, guaranteeing more
sustainable and safe nuclear energy, through waste minimisation and optimal use of
resources, with the potential for nuclear heat generation.

GenlV systems may be commercially deployed around the middhesocentury Four GenlV
fast reactor prototypes and demonstrators are being studiadEurope with different
maturity levels, as well as a high temperature reactor (HTR) for cogeneration demonstration.

Thesodium fast reactors (SFR)the most mature technology, lead cooled fast reactors (LFR)
are consideredthe next technologyand present advantages in terms of passive safety and
potential modularity while gas cooled fast reactors (GF&E a somewhat longer term
alternative that opensthe way to even higher temperature and therefore efficienthe SFR
prototype is ASTRID, while ALFRED and ALLEGRO are prototypes for, respectively, LFR and
GFR. In addition, MYRRHA is a flexible research facility for material testing and
demonstrationof accelerapr-driven systems (ADS) for waste minimizatismmose features

are strongly relatedto LFR technology. ASTRID and MYRRHA are considered the front
runners in terms of time to construction. ALFRED and then ALLEGRO should follow later.
Start of onstruction milestones are currently expected as follows, provided that appropriate
financing is secured:

1 ASTRID and MYRRHA 20005
 ALFRED: 202930
f ALLEGRO: beyond 2035

"In the long run, the gradual insertion of fusion systems in the energy production market, in
cohabitation with fission systems, may also occur, although the SNETP does not deal with fusion and
therefore does not mention it in its SRIA and DS.

8 At the time of the preparation of this DoW it is expected that the construction of Myrrha will be
shifted, beyond 2024.



In addition to fast reactor concepts, GenlV includes also thermal reactor concepts which aim
at specific targets, namely: supercritical water reactors (SCWR) as an advanced upgrade of
existing LWRs; (very) high temperatgas cooledeactor ((V)HTRITGR aimed at industrial

heat production and cogeneration; molten salt reactor (MSR) as an especially proliferation
resistant system. These systems are not included in the ESNII portfolio, yet work on them is
going on in Europe, mainly MSlevel, in an only partially coordinated way. Currently the
SCWR ideingincluded in the NUGENIA portfolas a type of advanced LW®Rhile the
HTGR system in cogeneration modge the reference for NC2and a demonstrator is
envisaged beyond 2025he MSRs being more and more often mentioned as a very long
term option that offers intrinsic advantages in terms of fuel cycle and proliferation
resistance

Importantly, GenlV reactors should not be decoupled from the relevant fuel cycle facilities,
enablingthe fabrication of MOX fuel and, in the longer run, the fabrication and use of fuel
that contains minor actinides, so as to reduce to a very minimum the wastes, by burning
them in the reactors, as well as in ADS. These facilities include obviously also the
reprocessing and recycling, in order to guarantee sustainability for centuries to deone.
these reasons, one should talk of Gem)temsand not simply GenlV (fasBactors

The ESNII roadmapaken from the SNETP DS (20i%summarised in Table 1

Table 1:Summary of ESNII Roadmap concerning GenlV demonstrators and relevant fuel
facilities(from SNETP DS 2015)

Viability of GFR concept

and licensing

To+10y TO+20y TOo+30y
ASTRID
. . . Commissioning and Basic design, license
Basic design - license . . . .
and start construction operations — integration and start construction of
of feedback experience FOAK SFR
MYRRHA
Basic design - license Commissioning and integration of feedback
and start construction experience from operations
ALFRED Conceptual design - Complete basic design — | Basic design, license
start basic design and construction and and start construction of
licensing commissioning FOAKLFR
ALLEGRO Conceptual- basic design | Start construction and

commissioning

Fast reactor MOX fuel
cycle facility

Basic design- license
and start construction
of FR MOX fabrication

Conceptual design -
licensing of a
reprocessing/ recycling
facility

Start construction and
commissioning of
advanced recycling
facility

Extend capacity of FR
MOX fuel fabrication for
FOAKFR

Transmutation

Fabrication of one Am
bearing segment of
fuel pin per year

Conceptual - basic
design and licensing of a
pilot plant of capacity
one full Am (or MA) fuel
assembly per year

1.2 Materials for sustainable nuclear energy

Start construction and

commissioning of pilot
plant for Am / MA fuel

fabrication

As described aboveustainable(Genl\) nuclear energy systems allow the nuclear fuel cycle
to be closed and the energy output from available resources to be substantially increased,
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while improving the management of high level radioactive waste through transmutation
processes. These systereate more usable fuel than they buand therefore,coupled to

fuel recycling facilities, they can guarantee energy production for several centuries.
However, for neutrorbalance reasons this implies using reEgueous coolants, such as
liquid metals or gasand reaching high fuel burn ups, i.e. the fuel must remain for longer in
the reactor, because only by doing so more energy is extracted and the long term
radiotoxicity of irradiated nuclear fuel can be drastically abated, especially when minor
actinidesare recycled. Moreover, to be more efficient, these reactors are expected to work
at (much) higher temperature thatie currentonesandare expected to be designed for 60
years of lifetimeHence materials in GenlV systems will be exposed for long times to higher
temperatures, reaching higher irradiation levels than in today's LWRs, and in contact with
non-aqueous coolants, for which the full compatibility of materials needs to be
demonstrated. Tiese arevery harsh conditions that impact heavily on the performance of
materials. Thus, the performance of nuclear (structural and fuel) materials is an essential
point to make GenlV reactors a realiffhe safety and the feasibility of GenlV nuclear
sygem concepts and their optimization will depend crucially on the capability of the
chosen materials to withstand the expected operating condition®laterials capable of
withstanding extreme conditions characterised by high temperature, prolonged irradjatio
and chemically aggressive environments, must therefore be selected or developed, properly
qualified, and their behaviour in operation fully understood. Some of th@erlV material
conditions overlap with current or envisaged Genll/Ihuclear systenconditions or with
fusion, as well asvith non-nuclear high energy efficiency systenBecause of this pivotal
importance of materials in view of safety and sustainability of nuclear energy, as well as
innovation in the energy field in general, a Joint Preagnme on Nuclear Materials (JPNM)
finds its natural place within the European Energy Research Alliance

2. Scope, objectives, challenges and priorities
2.1 JPNM Scope

The EERA JPNis launchedn 2010at the same time aESNIIwith the goalthat the EERA
JPNM should provide the R&D for materials needed for the development and
implementation of fast reactors in Europe, as defined by ESRElrrently, this is the main
reason of existence of the JPNM in EERA.

However, the scope and goals of the JPNM go disgondthis. The JPNM, as part of EERA,
clearly operates mainly at low TRL (<5), i.e. it deals largely with fundamental research,
although projected towards specific technological applicatiamsl to bridging with the
industrial initiatives via, mainly, re-normative research The SNETP recognises the
importance of basic technology developments, beca(gaoting from the DS 2015they
"open routes for the identification of common trunks for Gen II, Ill, IV and cogeneration
application, notably in areasuch as:

- Material behaviour for structural components and fuel

- Structural integrity of systems and components

- Manufacturing & assembly technology

- Instrumentation & control, online/onsite monitoring and diagnosis

- 1&C- digital system cybersecurity

Thus,basicresearch on structural and fuel materials behaviour belongs to one of the areas
where commonalities through nuclear reactor generations and types can be actually
found. Therefore the SNETP explicitly mentions in its DS thatriterface with EERA/JPNM
should be reinforced for the development of new and innovative materialee MoU

11



between EERA JPNM and SNETP concretises this intention extending the collaboration to
enhance synergy not only with ESNII, but also with the oth®NETP pillars, namely
NUGENIA and NC2I

Furthermore several issues faced by materials for fission reactors are in fact common to
fusion systers as welj therefore it is alsopossille to find crosscutting topics with this
other, longerterm form of nuckar energy.

Finally, it is clear that materials with superior properties in terms of high temperature and
corrosion resistance, as well as the qualification and desigdification procedures
developed for the particularly stringent requirements of nuclear applications, together with
the general materials science approach based on modelling and advanced characterization,
may find their way to other energy technologies. In particweithin EER the JPNM finds
natural grounds for collaboration with JP AMPHAdvanced Materials and Processes for
Energy Applications) and witither JPs targeting for example high temperature operation

in environmentally harsh environmentssuch as solar thermal ergy and geothermal

2.2 Objectives and challenges

The objective of the EERA JP on Nuclear Materialsnspimve safety and sustainability of
nuclear energy by focusing on materials aspectéis has two implications:

1. Better knowledge ofmaterialsbehaviourunder operating conditions, seeking predictive
capability, to select the most suited materials and define safe design rules, especially
allowing for radiation and temperature effects, while caring for compatibility with
coolants.

2. Development ofnnovative materialswith superior capabilitiesgither through suitable
processing methods applied to existing materials or adoption or new types of materials,
in terms ofresistarceto high temperature, irradiation and aggressive environments.

While the focus of the JPNM research is in connection with the ESNII systestriyesg as

said- to address crossutting scientific and technological issues, potentially useful also for
all reactor systems ddll three SNETP pillar§he technical annexes dfié¢ MoU with SNETP

are meant exactly to identify these creestting issues. Moreover, dialogue with the fusion
community and with other JPs in EERA led to identifying a number of topics of common
interest with them, as detailed in the JPNM SRA.

Consistently with the above scopnd objectivesthree grand challenges are identified.
These are based on the three pillars of the EERA JPNM's research strategy (Fig.1):

1. Assessment of candidate structural and fuel materials and components in operational
conditions with respect to: prediction of loAgrm behaviour, screening, selection and
gualification, as well as development of design rules;

2. Development of advanced models to rationalise materials behaviour, support the
elaboration of design rules andrqvide basis for the improvement of materials
properties, by providing predictive capability;

3. Development of innovative structural and fuel materials for industrial use with superior
capabilities in terms of resistance to irradiation, higimperatures andaggressive
environment

12



The three grand challengescorrespondingly v R e
identified are e

- Grand Challenge: JElaboration of design -
rules, assessment and test procedures for
the expected operatingonditions and the
structural and fuel materials envisaged.

This involves deployment of

/ Innovat
[ ative
| Materials

infrastructures for exposure to ageing and Materias
: ) . Modeljip
for testing of materials, and for production N
of data and knowledge, which is currently - \k
limited. 1

- Grand Challenge :2 Developmet of  Figyre 1- The research strategy pillars
physical models coupled to advancedzggpa jpNM

microstructural characterization to

achieve higHevel understanding and predictive capability: an essential asset, given the

scarcity of experimental data and the difficulty and cost of obtaining them.

- Grand Chalinge 3 Development of innovative structural and fuel materials with
superior thermemechanical properties and radiatiemsistance or, in generalof
nuclearrelevance, in partnership with industry.

Addressing these Grand Challenges requiresraertedaction at European leveihvolving
researchcommuniiesand industrial partnersin this contextthe JP provides the framework
within which several national and European projetkst involve research organisations but
also industries andaddress the abee objectives and challengesre launched in a

coordinated way, avoiding duplications, ensuring focus and prioritization and contributing to

the alignment of national programmes towards a single, collectively plannedEpespean

integrated joint reseaife strategy, aimed at making best use possible of available resources,

both human and financial, as well as infrastructures.

2.3 Priorities, gaps and stake-holders

Gonsistently with the JPNM SRA, the following general priorities in terms of gaps to be

covered can be identified

Genli/i
Priority 1: Long term operation (1) collect data from surveillance and decommissioning
corresponding toEOL fluence(2) developsuitable modelsrooted in physics in support of

improved dosedamage correlations and integrity assessment standards. Action (1) involves
necessarily the utilitiesrepresentedin NUGENIA. Action (2) may actually be addressed as

crosscutting through Genll/lll/IV and ewefusion (low temperature radiation embrittlement
of steels affects all nuclear systems, including watasled DEMO), therefore involving
NUGENIA, EERA JPNM and even EUROfusion.

Priority 2: Accident tolerant fue] i.e. development and qualification of higemperature
resistant materials for cladding for Genll/lll reactors. Main issues stardardization,

joining, and qualificationin environment. These are transversally of interest also for GenlV

systems like GFR and VHHRGR thus this are crossutting issues to be addressed jointly
by NUGENIA and EERA JPNM.

° More detailed issues are to be found defined in the technical annexes to the MoU with SNETP.

13



GenlVv

Priorities dependng on the system:

Sodium fast reactar the priority is 60 yrs lifetime designThis requires production,
collection and assessment of data representative of i{targn operation at high
temperature and the development of methods/models to extrapolate laboratory data to
operational conditions, translating this into design codesthe long run this effort will be

dza STdzA | fa2 F2NJ 26KSN) DSyL+ asdaitsSvya 6ftSIRZ
code It involves EERA JPNM and ESNIkdmetopicswill interest NUGENIA, too.

Lead fast reactorand systems using heavy liglh metals (Myrrha): the priority is
compatibility between steels and the coolantqualification of materials with respect to
corrosion/erosion/dissolution and identification of mitigation strategies (e.g. surface
engineering). It involves mainly EERA JANMupport of ESNII. Similar problems are of
concern also for fusionfor certain tritium breeding blanket designs, thus EUROfusion could
be involved as well.

Gas fast reactoandvery high tenperature reactor Thesesystems targehigh temperature
andneedrefractory materials for which standards and design codes, as well as joining,
need to be definedThe priority is thereforeéhe design ad development of nulear grade
materials compatible withlHTgas coolantincluding issues like presence of gapumities,HT
corrosion/erosionHTstrength issues, HT design methodolpggd irradiationThese
materialsand the relevant standardization and codificaticen beof use also for accident
tolerant fuel(see above). Thus dhese issues EERA JPNM and NG Bave a real
opportunity to work jointly. The involvement of materials manufacturers and considerations
of market beyond nuclear application is crucial and is being considered by EERA JPNM. For
example, refractory materials, ceramic and metallic, arasef for advanced fossil fuel fired
plants.

GenlV Fuel:

The startup core of all prototypes will be MOX in austenitic claddingut new geometries,
different operating conditions, etc. requiggnificantefforts for licensing and eventually the
need for higher burnup cladding, minor actinide bearing fuel, ceramic pins or plates using
U/Pu carbides/nitrides etawill require dedicated research.

Cross-cutting with fusion :

Ferritic/martensitic steelsare interently irradiation resistant, are the materials of choice for
fusion and will be the materials of future truly GenlV systems, but need timpeoved in
terms of high temperature resistancéreep strengthand also compatibility with coolants
(surface egineering). Improvements should be achieved also in connection ieith
temperature embrittlement (see Genll/IIl). Working handshands with steel producers
possiblylooking at a wider market than just nucle& here essential for success.

Cross-cutting with other energy technologies :

Via interaction with, in particular, JP AMRBA wellasother EERA JPsking advantage of
workshops jointly organisetty JP NM andAMPEA in EERA, the followingtegories of
materials problemshave been idatified as common to nuclear and other energy
technologies ihainly solar thermal energybut alsogeothermal, offshore wind, oceanand,
outside EERQt Sy F2aaArftszx XoY

$ High temperatureand thermal cyclingnechanical performance of steels

§ Development ohdvanced steels for high temperature applicatipns
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i Behaviour of materialin aggressive environmest(from salt water to molten salts and
liquid metals or gases): erosion/corrosion problems

i Design codes for mechanical componer{tsoth austenitic and fertic/martensitic
steels)

I Useand developmentof ceramics, refractory materials and composifes very high
temperature application$HT corrosion/erosion and HT strength issues).

Importantly, the development of steels improved for high temperature andrasion is
mentioned also in the ESTEP (European Ste#inblogy Platform) SRA for advanced fossil
fuel fired plants.

In addition some approaches are commoto several applications for energy materials,
namely:combination ofadvanced experimentatharacterization with multiscale modelling
to address the problem of understandilageing and degradation mechanisnasd identify
mitigation strategies characterization of energy materials and deviagesing large scale
facilities, as well a#n situ and operandotechniques rationaldesign of materials supported
by modelling

Irradiation

All nuclear systems, including fusion, need data from neutron irradiation of materials.
However neutron irradiation campaigns are expensive and often unaffordable for a single
organisation. The number of neutron irradiation facilities is limited and for high neutron
dose (especiallywith fast neutrons)it becomes almost imperative to considéacilities
outside Europe. To make the most rational use possible of available facilities and join forces
in terms of bearing costs permanent joint forum involving EERA JPNM and SNETP pillars,
and possibly also fusiorshould be created. This forum shoualgree upon irradiation needs

and design joint campaignsmaking use of available facilities, possibly launching tenders
and/or using differences between available reactors to explore specific effects, including,
whenever suitable for the purposes, fundamental studies and the use of ion irradiation.

2.4 Timeline

In terms of timing, FigR, extracted from the SNETP DS, provides the best assessment that
can be currently givertwo messages are importattt take from this figure:

1. The research on materials that impacts basically structural integrity, component ageing
and advanced solutions for components in nuclear systems, is a continuous process that
does not have a deadline and constitutes the resedmeimuson which innovation, and
therefore in this case better safety and efficiency for nuclear systems, can grow

2. However, in order to allow the licensing and construction of GenlV prototypes, the
research on materials needs to provide sufficient data doalification and possibly
codification of design rules in a horizon that, depending on the prototype and the
specific issue, has a span of no more than 5 to 15 years

This horizon, taking into account the specificities of nuclear energy, is actuallystvenry
and, to be met, requires thdeployment, already now, of significant resources, if the goal
of sustainability has to be reached

The present Description of Work (DoW) addresses the actions to be envisaged in the
period 20162020 Some of these actions are addressed directly to the prototypes and

10 Actions beyond this timeframe are sketched in the SRA.
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demonstrators: necessarily, these actions need to have the priority, because of the limited
timeframe. Other actions belong to the continuous research process that needs to be
foreseen inorder to prepare incrementally the materials solutions that will be applied in
commercial reactors.

'd peik of activity Integrated vision of SNETP Gen Il |1l IV Cogeneration - Best case scenario ™

Tiy): objective achievement (2015 2020 2025 2030 2035 2040 2045 2050

Plant life time management Long Term Qperation NPPs age > 50 years in 2035

LWR new build in average 100 units in EU

European fleet decommissioning & dismantling NPP & fuel cycle facility

FUEL CYCLE open direct dispesal of spent fuel
partially closed | MOX fuel for mono recycling in LWR and deep geological repository
closed
transmutation

PROTOTYPE ASTRID Basic Design/Lic SFR FOAK
MYRRHA Concept/P1Basic Desl,
ALFRED Concept/PreLicensing Co C LFR FOAK
ALLEGRO concept viability Basic Design/Lic

HTR - cogen Concept/Prelicencing Basic Decign/Lic Construction

steam production System design  steam production unit coupling

harmenisation of licensing process for new prototypes
IMETHODOLOGIES harmaonisation of licensing new build : LWR - FNR - other
small modular eoncapt: eonstruction technigues - safety approach

ILWR -FNR-cogeneration

enhanced safety inoperation and by design: LWR

I;mmcunlnghma Performance and ageing for long term operation of NPP:

integrity - ageing i - on site i & dizgnosis
[BASIC TECHNOLOGY

high reliability components

[LWR - FNR i & assembly pracess - actident tolerant fuel - qualification & control - advanced material & surface engineering
e N
capabilities
Imethods & taols
linfevative toehnalagy Research ture - B = transfer of knowladge
[transfer of Imonlgsg & hot lab - ilities - physical madelling - multi physics & mult scale siy - severs sccident i te - education & training L/
Table 4. Integrated vision of SHETP Gen IL, 1L IV B

Figure 2- Schedule fofission energR&D needgfrom SNETP DS 2015)

3. Subprogramme structure and content

The EERA JPNM is currently structuredixnsubprogrammes, four on structural materials
and two on fuel, covering for each class of materials the full spectrum of activities, from
fundamental research on the physical mechanisms responsible for degradation effects to the
pre-normative researchhat feeds the design codes used by the designers, passing through
the development of new materials or new processes for their fabrication that improve their
properties (see Fig. 3). The TRL of all remains below 5.

These subprogrammedunction by making us of three possible instruments of
implementation, namely:

9 Joint Technical Teams (JTThese correspond to thecientific communityinvolved in
each SP, that meets regularly (at least annually) in targeted workshops or other
meetings to monitor andshare results and discuss collaboratiodTTs may flexibly

involve the whole SP, be transversal to SPs, or correspond to the subset of a SP. JTTs

exist permanently, although the members may be changing, and constitute the core of
the human resources of the JP.

I Task Forces (TF)hese are groups of experspecifically appointed to provide specific
answes to questiors that can be of scientific/technical nature or of
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coordination/funding instrument kindand are expected to finally deliver a report on it.
It issupposed to be in charge for a limited amount of time, generally ~1 year.

f Pilot Projects (PP)These are smafirojects(~23a € Y of f#afbe focused on precise
topics that result from the convergenceof research interests and lines akveral
organisatbns from different MS. The typical duration is expected to Bky@ars. They
are the main instrument for the alignment of research actions between different
organisations and MS, constitute the research portfolio of the JPNM and are the
backbone of theoresentDoW.

In the following paragraphs the research themes in terms of key strategic goals and activities
for the six sulprogrammes are summarily describedlmore detailed description including
work-packages, tasks, milestones and deliverables, as waslitimeline is provided in the
sub-programme descriptions of work§RDoW).

F 3
54+ Industrial application
2
i)
- -
2 SP2: Innovative high and qualification of
E:‘ E temperature resistant steels advanced fuels —
= —= ) : : =
= SP3: Refractory materials: Technological Innovation w
2 ceramic composites, cermets
5]
S and metal-based alloys
= . . SP6: Physical modelling
vy SP4: Physical modelling and and separate effect
modelling-oriented experiments for experiments for fuels
structural materials
Basic & Applied Research

Figure 3¢ Subprogramme structure of the JPNM

3.1 SP1: Materials for ESNIl demonstrators and prototypes

The objective of this suiprogramme is to support the development and provide the
underpinning research omstructural and claddingnaterials issues for thelesign licensing

and finally construction in the next decade or twpof the ESNII reactosystems ASTRID
MYRRHA, ALFRERI ALLEGROhese systems will rely on commercially available materials
such as austenitic steels, ferritic/martensitic steels anebddied alloys, that need to be
qualified for the extreme conditionsxpected in fast reactorand a 60 years design lifetime.

In particularthese material&nd their weldsneed to be qualified for the higher temperature
andirradiation levels and more corrosive environmeiitan in current reactorsemploying
suitable test procedureghat need to be extendeddevelopedand standardizedor these
conditions with a view to collecting data suitable for the updating of design codes
Moreover, specific mitigation strategies that involve surface engineering, in particular
coatingsand modified surface lgers need to be qualified as protection against corrosion
and erosion, especiallpr heavy liquid metal (HLM) cooled systems (ALFRED and MYRRHA,
the latter using leaebismuth eutectic, LBEA pre normative R&D programme for structural
and clad materialshas beenaccordinglyinitiated, including assessment of protective
coatings.The underpinning research is based on key issues identified jointly by ESNII and
EERA JPNM representativeBhe Joint programme also promotes development of common
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approaches andtandards for components and materials, which is beneficial for maximum
safety and overall cost optimization.

A number ofactivities started in 2011 mainlyas part of theFP7MATTER project, that
ended in October 2014. The major conclusions of thateqatoyith respect to theESNII
reactorshave been documentédand set the background for the activities that are running
still now. The research activities were separated into two domains:
1 The first one was the development séreening test procedureswith special emphasis
on slow strain tests, small punch teseand micro/nano indentation test and
development of test procedures fdracture toughness in leathismuth environment,
liquid metal corrosion and creep testing of thivalled components.
1 The secod main area waslesignrules, in particular RC@IRxX that needto be revised
for the Generation IV reactors. This is a very important and quite urgent need for the
design, construction and licensing of MYRRHA and ASTRID. To thisgetdd research
has been performed on: (i) extension of existing design rules for high Cr
ferritic/martensitic steels, with special emphasis on the cyclic and creep softening weld
factors;(ii) transposition of mechanical design factors from experimental tests addressing
keyissues needed for SFR and LFR and in view of the 60 yearsldesigi) update of
design and manufacturing procedures for welds (austenitic as well as F/M stakia)
into account the most recent statef-the-art knowledge and guidelines for desigules.
The proposals will be evaluated by the R@RX committees, and then first published as
probationary rules.

In addition to the activities in MATTER 2012 four PP were preparexhd launched

1 Creepfatigue of F/M and austenitic steels/ith emphasis on cyclic softening for P91 and
crack propagation (ILAGF);

1 Functional coatings and modified surface laydRAFECOAT);

1 Fuekcladding interactionfor Advanced Nuclear Systems (AGIS);

1 Investigation of Environment Assisted Degradatiasf materials in liquid lead alloys
(IEADLL).

Afifth one was prepared in 2013:

1 Testingand ASsessment methodologies fm@sessment of mechanical tests amdterial
characterization ofl5-15Tithin-walled cladding TUbEETASTEA continuation of TASTE
is planned with emphasis on testing in hot cells.

Except TASTE, t1#2912 PP entered the WP5 of the still ongoing FP7/MatISSE pradjext,
secondpart of which enters the@presentDoW.

Of the 23Pilot Projects approved in 201%ithin a more structuredeviewing scheme than

in the past threeareexclusively linked to SP1, namely:

1 WELLMET (Charcterization of liquid metal embrittlement of welded components in
heavyliquid metal);

1 CERBERUSO(rosion andERsion BEhaviolR of componeaits in heay-liqUid metalS
and

1 RESTRESS (measurement, calculation and mitigati®tBsafual STRE®s in welded
components)

Six morearetransversal between SP1 and one or two other SPs, namely:

' MATTER deliverable D9.1 "The relevance of the MATTER results for the design of the ESNII
reactors",http://www.eera-jpnm.eu/?g=jpnm&sqg=nboard
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T NINA (development and appliéah of naneindentaion), transversal to SP2 aigP4 as
well;

1 ALCOREA[mina forming steels and modified surface layers for i€@led fast
RE&ctors), SP2 transversal to SP1;

1 FRACTO,FRACIOre mechanics testing of ferritic/martensitic an@DS steels), SP2
transversal to SP1;

I SLIPLOC (multiscale mdog of SLIP LCHlisation under irradiation), SP4 transversal to
SP1;

T MOLECOS/0Odelling of heawstiquid mBal CQrosion ofSeels), SP4 transversal to SP1;

T MOSELMOdellingSeel Embrittlement by heavyLiquid metals) , SP4 transversal to SP1.

These PRonstitute the bulk of the joint work in SP{as well as other SP&r the coming

yearsand therefore enter this DoW

In addition, he development of a methodology for a 60 yeaperational lifehas been also
highlighted as a key area for future workdahas therefore been the subject of a TF that
worked from September 2015 until June 20IBhis workarea needs to rely ondata
representative for longerm operation. An important part isharing longerm experimental

data and experience from the reactoperators. Discussiorwas neededon how to shawe
information that may be limited by propriety rightdloreover new test programmes need

to be developed including long term tests (beyond 10 years), testing of service exposed
materials and most importantly development of a methodology for accelerated tests and
methods to transpose these tests results todeterm operational conditionsThe associated
modelling ranges from mechanistic models of the degradation mechanisms to engineering
models.Given the overall compbdty it wasnot possibé to formulate a PRn 2015 The TF

has preparead a research plarthat should then be implemented by EERA JPNM in close
collaboration with the industrial partnerand will therefore finally enter this DoW, as well.

3.2 SP2: Innovative high temperature resistant steels

One of the most critical components of a fission nuatereactor is the claddingi.e. the
tube that contains the fuel pellets, forming with them the fuel pin, which is the building
block of the fuel assemblfor fuel elemenj of the reactor core. The cladding material
which fulfils thecrucial function of acting as a barriesigainst the release of radioactive
substances from the fuelreceives the highest neutron dose of all structural components, is
exposed to the highest temperature and is in constant contact with the coolant. It is
therefore obvious that most attention in materials development and clification is
focused on the cladding materiaMoreover, not only operating conditions should be eak

into accountfor the cladding material selectiothe fabrication procedurs of the cladding
tubes (around 5 mm diameter and 0.5 mm thickness) impose subsequent steps with high
temperature and high deformation rates that have to be considered in the material selection
procedure as well Finally during reprocessing the claddingust be dissolvable and this
requirementmay constrairthe chemical composition options.

The materials used for primary components and fuel cladding in current LWR reactor do not
have enough strength, among other mechanical and physical properties, ahitfeer
temperatures foreseen for GenlV systems, thus other matenalsd to be used in such
reactors. Austenitic stainless steels are good candidates for claddfiagt reactors and are
going to be used in all ESNibtotypes at least in the first phse of their operation, mainly
because of the existence of sufficient return of experience fi®FR that operated in the
past, especially in France, which makes licensargewhateasier and fasterThese are the
materials addressed in SP1 for specific djgakion, especially in the case of systems
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different from SFR-However their use is limited taelativelylow burnup (~ 80 dpa),due to
their poor resistance to radiatiemduced swellingEven by developing advanced austenitic
steels, which anyway need to be qualified, it is not expected that a dose of 120 dpa can be
exceededHigh burnup is however,an essential feature of truly GenlV reactrthusvalid
alternatives should be found fawommercial reactorsFerritic/martensitic (F/M) steels are
much more resistant to swellingallowing higher burrup, well in excess of 150 dpa.
However their useis limited by their lower creep resistance at 6@00 °C as well as by the
susceptibility tolow temperature (~300°C) embrittlement (the same type of problem that
affects reactor pressure vessel steels in current, GenWRPs)In addition, these steels are
affected by susceptibility to liquid metal embrittement (LME)a specific type of
embrittlement that depends on the coupling between solid and liquid metahich ruled
out the use of F/M steels in HL-Bboled reactorsin the absencdor the momentof a fully
reliable mitigation strategy

One of the most effective ways fomproving the creep propertiesof a material is to
uniformly distribute fine precipitateswith longterm stability at elevated temperatures in
the microstructure Improvements on the high temperature strength of F/M steel can
therefore be achieved, while maintainirteir high swelling resistance) two ways.

1. With the use of oxide dispersion strengthened (ODS) alloya which Y-TiFO
nanoparticlesare dispersed in ananograined microstructure using (so far) powder
metallurgy based techniquehisis currently the option to achieve high buup values
in the EuropearSFRprogramme(ASTRIDand is therefore the most studiedet, this
solution still suffers from many drawbacks and requires the identification of proper
process control to ensure not on uniform distribution of dispersoidsbut also to
counteract the anisotropy that stems from the tube fabrication process and ultimately
ensure that not only the creep strength, but also basic mechanical propesties as
fracture toughnessare satisfactorylmportantly, ODS industrial production is currently
almost nonrexistent, especially in Europand this is a serious drawback for this class of
materialsto become marketable

2. Bydispersion of fine MX carbonitrides, usually VN and NIL,The advantage of this
choice is that no powder metallurgy is necessary in this case, because these particles
form spontaneously in the steel, although in order to enhance thiibility and ensure
high density andsmall size adequate compositional tings, combined with suitable
thermomechanical treatmentsare needed. This route led to the development odep
strength enhanced ferrititnartensitic (CSEM) steelsfor non-nuclear applications. Its
application for NPP reduces the range of chemical elements that can be used to alloy the
steel, mainly (though not only) for neutronic balance reasdierefore, specific R&D is
required. This route, thouglturrentlyless mature than ODS, has the advantage of being
much eventuallyeasier to upscale to industrial production.

The objective of this SP is to pursue these two routes to devettp (up to 700°Qsistant

steels suitable as, in particular, cladding materialkr addition, advanced steels with
modified composition are also being considered to improve corrosion/erosion resistance,
and possibly even against LM&a addition of aluminium.Alumina forming alloys (AFA),
including FeCrADDS versiongombine a goodHTcreep strength with superiddTcorrosion
resistance by forming selthealing protective alumina (aluminium oxide, Als) surface
layers. The potential use of these new alloys as Gen IV cladding material is going to be
explored within his SP with the main purpose of reducing the risk of liquid metal
embrittlement in contact with liquid lead alloyAFA are considered also as potentially new
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accident tolerant fuel cladding materials in Gen Il/lll reactors programdues to their
excellen oxidation resistance in steamAustenitic alloys are being studied for the
prototypes, especially HLgboled, but F/M AFA can be considered as well.

Thepast activities of this SP argbasically those related to ODS alloys within FBETMAT
(endedOctober 2013) and FPVWIATTER (ended October 201¥)oreover, some activities
continue within theWP4 of the ongoing FP7/MatISSE projéstarted November 2013)
Results and deliverables from these FP7 projects have been used for the accomplishment of
the milestones of SP2 up to 2015.

The current activities within this SP dealing witl©®DS steelsas cladding material in fast

reactorsaddresshe followingpriorities:

1 Improvement of production routes, includingeduction in cost, good reproducibility of
heats, exploration of conventional and innovative production techniques. The
involvement of industrial partners in this topidf crucial importance

1 Deep analysis of deformation mechanisms (brittle and high temperature) and fracture
including testing of m¥ssurized tubes

9 Stability of the microstructure under long term exposure at high temperature and
irradiation, including recrystallization (abnormal grain growth) studies

A survey on the national activities on ODS showed that, in addition to the activities in
MATTER and MatlSSE, more than 20 national projects on ODS have been or are still ongoing
in Europe, at least within the JPNM community. The overall national fundmg 2011
exceeds 10 million euros and supports the existence of a consolidated European group on
fabrication and characterization of ODS, including effects of the environment. Most national
activities arede factoalready alignednto European programmesn addition strong links

with fusion materials were identified, even though now Eurofusion is giving less priority to
ODS. Thistrong national involvement in ODS research ensures that this line will certainly
continueand can rely maybe more strongly thathers on MS support.

On the other hand, thémprovement of creep strength of F/M steels via optimization of

chemical composition and/or thermemechanical treatmentscould open the dooito a

wider range of industrial partners, since these Cr&tengthEnhanced CSEF/M steels are

produced by conventional metallurgy processes. Priorities in this area are:

1 Optimization ofcompositionand treatments toobtain a microstructure thabalancesthe
improvement of creep and minimal loss of toughness

1 Verificaton of the microstructural stability under deformation, high temperature and
irradiation.

1 Welding andpostweld heat treatment, needed to recover martensitic structure and/or
eliminate internal stresses.

These two new alloy families incorporated now in SB&ar the promise to find spacalso

for international cooperation given that research of this type is also pursued in the US,
Japan, Korea, and elsewhere in the world. It also providgeaa opportunity to involve
industrial steetmakers in Europeand to interact with other nuclear and nomuclear
communities Specifically, the incorporation of AFA in this SP also allows the interaction with
Genll/lll in ATF activities, as well as with the developmémew materials operating in
aggressive environments (petrochemical and chemical industry)

Consistently with the above, the PP proposed in BPZ215include ODS activities but also
activities on new types of advanced steels

1 Thermal and irradiation stality of ODS model alloys will be studied in PROMETEUS

1 new fabrication routes for ODS alloys will be explored within AFROS
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1 the deformation and fracture behaviour of ODS alloys will be characterised within
FRACTO.

In addition, steels with enhancegroperties at high temperature or better corrosion

resistance will be produced with the support of computational materials engineering tools

and characterized within

1 CREMAR (enhanced F/M steels)

1 ALCORE (alumifiarming alloys)

Despite the good health goyed by this SP, it is expected that its research will benefit from
the identification of uses for OD&nd in general creepesistant steelsin other nuclear and
non-nuclear energy technologies, in particular to raise the interest of steers in tems

of promise of a market. Thereforajork on the identification of crossutting issues ivery
important for this SP

3.3 SP3: Refractory materials: ceramics composites, cermets and metal-
based alloys

GFRs target maximum operation temperatures of 100@%pecially for the cladding where,

in off-normal conditions, the temperature reached mayenbe muchhigher. In this range
“traditional” metallic materials, in particular steels, even if developed for high temperature
resistanceare likely to faif* Refractorymetals such as Mo, W, or V aepriori possibilities,
however they are generally brittle and, of all, onhaNbys have beeseriouslyexploredin

the pastas potential cladding and {core componentfissionreactor materials V-4Cr4Ti
alloys exhibitindeed low swelling, better creep resistance than 3lgod mechanical
properties up to 706750°C, that aremaintaired under irradiation Moreover, the low
activation of thiselementmade it a potential candidate for fusicapplications as wel/*®
However,no activities onthese materialshave been proposed within the JPNM and the
interest in Europe and elsewhere has decreased significantly

Ceramic materialare known to be inherently weaesistant and thus much less pr@ro
erosion and corrosion than metals. Ceramics such as SiC are also virtually unaffected by
temperature, even well beyond 1000°C, ashal not suffer from significandactivation under
neutron irradiation.SiC also exhibitgood radiation resistance, iretms of limited swelling
(especially below 10007Go long as He production by transmutatioemains limited).
However, ceramicsare inherently very brittle materials so they cannot be used for
structural functions in monolithic form. Yet, composite ceresnlike SiSiC (SiC fiber
reinforced SiC matrix) exhibit a pseudiuctile mechanical behaviour that makes them
suitable to some extent fostructural functions. SiC has been used in the nuclear industry in
early HTRso its behaviour under irradiationab been long studiednd Si¢SiC has been,
and partly still is, considered as a "dream material" for fusion applicati&irthe moment it

has been abandoned as prioritgs it isregardedas avery long termsolution; yet, a fair
amount of work in nuclear environment has been dome this materialin the relatively
recentpast, specifically for fusion application@mmercial versions of SiSiCexist and are
typically used for high temperature components in the aerospaotos, where recently this
material has beenreceivingincreased attention, especially with a view to standardiateg
qualification and introducing it in design codes

' Ni-based alloys cannot be used for reactor core components because they are not sufficiently
radiation-resistant: Ni produces He by transmutation and is very prone to radiation swelling.

¥*Mo is one of the possibilities considered for accidesierant fuel (i.e. cladding) in Genli/Ill
reactors, althougiprobablyonly as a surface layer; W is the only candidate material for use in the
divertor of magnetic fusion devices, i.e. the component tham idose contact with the hot (million
degrees) plasma wherfusion reactions occur.
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Because of all these promising properties and background ofSi§£5IC isalsothe main
candidate material for GFR claddingven for ALLEGRO, although in its second phralge™
However, for its use saa cladding materiathis materialmust be demonstrated to have
good mechanical properties, legightnessand sufficientheat exchangeapabilitybetween
fuel and coolant.Recently, a cladding tube design that includeseaktight refractory
metallicliner has been developed by CEA. fetallicliner is meant tamitigate one of the
shortcomings of SjSiCand ceramics in general, i.e. their porosity, whiglexacerbated by
the compositefibre structure andleads to potential leakage of fission gases through the
clad. Thisiewly developedpotentially leaktight Si@SiCcladding tube is now the subject of
testing and characterization under GF#evant conditions within the FP7/MatISSE project
startedin November 2013 which isessentially the starting date of the SP3 activitieEhe
conditionsaddressednclude the compatibility with He (containing imjitigs), which is the
coolant chosen for the GFR.complete evaluation of the behavioof Si@SIC compositei
GFR representative environmeshould explore indeed,the HT performance in terms of
mechanical resistance and in terms of compatibility tests with He containing oxidising
impurities and erosion phenomena. ThE mechanical tests should includmsictests for
design purposgesuch agensile, fracture toughness ettdeally,time-dependent properties
like resistance tocreep and creepfatigue interaction should be addressedFurther
investigations should concernmechanical behaviour under irradiatiorPart of these
activitiesare beingperformed in MatISSE on 8&IC covelingthe following aspects:

0 Study of compatibility of SiSIC clad with internal metallic liner with He with predefined
levels of purity. Eventually, corrosion/erosion data ong/SiC complementing those
already available from the literature whbe produced

0 Dedicated experimental setps for leak tightness and thermal properties assessments
up to 1000°Con Si¢SIC clad prototype geometry

However, these activities do not exhaust the research needs concerniggiSid hgoining

of component parts made of this material remains an essential and still open issue.
Moreover,standard tests and testing procedures for providing engineering design data need
to be defined on a common European and, possibly, international basis. Putting these
activities within a strategy for the early and concurrent development of codes and standards
for composites in a timely and comprehensive manserucial in order to meet the nuclear
licensing authority requirements, allowing timely approval of compds#ésed core
component designs.

Consistentlythe two PP on SiSiC proposed in 201&re:

0 JOISIC, devoted to 8&iC joining technology development for hermetically sealing clads
at both ends.

0 PRESAGédevoted to the standardization of testing areramic components for nuclear
applications

To complete the picture, another issue that concerns/SIiC is its cost. In this respect, the
exploration of alternative fabrication routesto chemical vapour infiltration would most
likely benefit the markethility of this material. Similarly to the case of ODS, such an issue
should be crucially addressed in synergy with industrial partners.

In addition to SiSIiC, this SP includes also activities ortated Max phases These are a
class of ceramics disaered in the last decade of the last century constituted by layered,
hexagonal carbides and nitrides that have the general formulaiA,, (MAX)where n =1

Y For the first phase austenitic steel cladding is currently foreseen, as in all other ESNII prototypes.
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to 3, M is an early transition metal, A is asg@up (mostly IIIA and IVA, or groups 13 and 14)
element and X is either carbon and/or nitrogen.e$d materials offer, for ceramicsery

good ductility, combined with high resistance to erosion/corrosion, relatlyegood
resistance to high temperature, and are easily machinable into components parts
Therefore, even if to date they have found no specific technological application, they are
being explored as potentially promising cladding materials, especially for-ddbMd
systems where the temperatures are noéexcessivelyhigh (for a ceramic materig, but
corrosion, erosionand also dissolutioand embrittlement (in F/M) of cladding steedse the
technological bottleneck. Moreover, this class of materials is being considered for the pump
impeller of MYRRHA, because of the high strength and hasdared good compatibility with
lead, accompanied by reasonable ductilify.lot of R&Dis still ahead, however, before
these materials can beseriously considered for the design of reactor component$n
particular, the most suitable material out of a vewide class needs to be identified,
fabricated, and tested after exposure televant environments. At the moment, activitie$

this typeon these materials are included in one task of the FP7/MatISSE prhjectalso
likely that the practical solutiomwill not be a pure ceramic component, but a CerMet, i.e. a
composite material that combines ceramic strengtheners and/or coatings with a metallic
substrate.

Other materials than SiC/SiC and Max phases, specifi¢allpys, remain currently on the
list of potential interests for this SP, howeyears mentionedthere isno ongoing research
activity devoted to them. Recently, the development@dramic coatingss barrier against
erosion/corrosion of metallic substrates has been adslrled to list of topis addressed
within this SPan activity that is actually very much crassgting with SP1 and may belong to
one or the otherSPdepending on the level of maturity that the specific coating technology
has reached Consistently, a PP, STAREC, has been pmsed in 2015, to deal with
developing and testing alumina nawgoatings on different metallic substrates.

This SP suffers currently from the generally low level of funding devoted Ewidpeto
ceramic materials for structural functions, in particulas Bi@SIC (with the notable
exception of FP7/MatISSE, of course). Recently, after the Fukushima accident, the need for
high temperature resistant cladding (accideoterant fuel) has become an important
priority for Genlllll nuclear power plants, so it is hoped that the corresponding revival of
this material in this framework may allow also GenlV activities to continue. This material is
also considered promising feplar thermal energyas well as for specific uses imkines for
aircrafts. For the latter reason, SiC/SiC research is being currently eagerly pursued in the US.
This shows, therefore, therucial importance of the identification of crossutting issues

with other nuclear and nomuclear technologies for theactivities of this SP For this
purpose, atask force is intended to be set ymimed at drawing a research roadmap for,
specifically, SiC/SiC, that should be crasiting through different technologies, with the
intention of raising attention and fundetvards this promising material.

3.4 SP4: Physical modelling and modelling-oriented experiments for
structural materials

Experimentson materialsunder conditionsof relevance forfast reactors, such as those
foreseen in SP1, SP2 and SP3, can be longngxpeand subjected to severe and strict
safety constraintsespeciallywhen neutron irradiation is involved Materials cannoin any

case be subjected to all possible conditions potentially encountered when in service
particularlyif synergetic effectsieed to be consideredTherefore, itis desirable that the
experimental matrices for the qualification of materials should be based physical and
mechanistic understanding, in order to optimise both the time and the financial frames, as
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well as the redvance of the experimental results obtained. Moreover, extrapolations from
the experimental results with purely empirical correlatiohave a high risk of being
unreliable. Extrapolations become acceptalidwever,and overall the correlationsised
become more reliable, if guided by a background of understanding of the physical
mechanisms that drive the response of materiatsthe different scaleto the conditions
they are subjectedo. Sucha backgroundof physical andnechanistic understandinglso
provides guidance to identify the most critical conditions under which materials should be
tested, as well as to help in the identification of mitigation strategies. Finally, by
understanding the processes that occur during the fabrication of materials, the
manufacturing steps can be optimised and the properties of the final product improved, or
new routes to fabricatiortanbe devised.

Achieving this capabilithowever requiresa continuouseffort in the direction of examining
materials after exposurbeyond what is strictly needed for qualification, by looking carefully
at the microstructural features and changes, using a combination of advanced techniques
given that no single technique will give a complete picture of the situdtiecause of the
different length scales concerneaind because of the different features to which each
technique is sensitiveFor abetter physicalunderstanding,moreover, the examinationof
model materials and the design of experiments aimed at discriminating between acting
mechanismgs very helpful: these arthe so-called modellingpriented, or separate effect,
experiments Specifically for the study of irradiation effects, ion irradiation is a very suitable
tool in this framework.As a important complement, omputer simulationtools are
nowadays available thadllow complexphysical processes to be modelled in great detail,
providing a basis fathe quantitative interpretation of the experimental observationgoing

in some cases also beyond what experimerais see Toolsof this type(e.g. kinetic Monte
Carlo methodskan be used to testhe relevance oflifferent possible acting mechanisms
that determine microstructural and microchemical changbyg simulating an experiment
under different hypothesesor by simulating separately the effect of mechanisms that
cannot be experimentally disjointed:he parameters needed for the simulation, which are
often not accessible to experimental measurement, amvadays more and more often
calculated usingmore fundamentd models and simulation toolsat the atomic level
(electronic structure calculations using density functional theory, molecular dynamics
Ol £ Odzf F A2y a dzaAy 3 . Siiilarsy Ntbols 2N5A tBat dligvitiE yplastid f & >
mechanical behaviour of aterials to be simulated (dislocation dynamics for single crystals,
ONRadlGLl ¢ LI | a (A OA lihat afe Aasd padarieteridadEbasad: dn aBbmiskcd
calculations.This approach therefore, combires information that comes from different
scalesand irtegrates it into a single simulation tool, or a chain of thems the so-called
multiscale modellingpproach, nowadays known alsoiategrated computational materials
engineering This approachreduces the number of parameters that need to be fitted,
asymptotically aiming atliminatingthe need to fit to experiments, althougdpetting closer

to this goalrequires theelaboraion of ever more refined models and simulation tootee
development of which is in the end justified by a cbenhefit analysislt is, clearly,a
continuous process of parameter refinement and of development of more sophisticated
algorithms or more comprehensive moddlsat has more and more spioffs of practical

use

The overall objective ofthis SP isthus to develop physical models andorresponding
computational tools in supportof the fundamental understanding of the processes that
drive the behaviour of materials when subjected to the extreme conditions expected in
fast reactors, as well as the processefrelevance for materials fabrication and treatment
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in synergy with advancednicrostructural characterization and by performing modelling
oriented experiments

The modelsshouldeventuallyserve several purposes:

1 Optimisation of experimental matricefor materials screening, characterisatiand
qualification

1 Baboration of mechanistic correlations in support of design rules and materials
codification

7 Identification of mitigatiorstrategies

1 Optimisation ofmaterialsfabrication routes

This SP igxpected to be transversal to the previauthree on structural materialsin
several cases it may be disputable where the frontier is between this SP and the others.
Broadly, it is considered that large scale semipirical modelling belongs more to oth&Ps,

this one being focused on smaller scale physical modelling, but in fact the difference is often
blurred. Moreover, it is important for this SP to be aware of the technological problems
related with materials qualification and fabrication. Becausehd, toften joint initiatives are
taken between SPdnd other SPs on structural materials

The past activitiesof this SP have been largely connected to the WP4 of the FP7/GETMAT
project (ended in October 2013) and also, partially, with the FP7/PERFORMG60 (aofks

in September 2013)Most effort was devoted tothe development ofphysicalmodels to
simulate the microstructural evolution under irradiation in ferritic alloyscontaining an
increasing number of substitutional alloying elememt&inly Cr,but alsoCu, Mn, NiSi, and

P, as well a€ as interstitial alloying elementhis entailed not only a detad study of the
atomiclevel processes driving creation and evolution of radiation defects in complex alloys,
but also an intense experimental activity &:@CrC model alloys, involving irradiation and
subsequent postrradiation exanmnation. The main gdaof these models was to establish a
physicalcorrelation between microstructural evolution andadiation hardening as a cause

of embrittlement. This focus has historical reasons and is related with the use of bainitic
steels for current reactor pressure vessels, that suffer from radidatidnced
embrittlement, and also with the proposed used of F/M steels in GenlV and fusion reactors
that suffer from similar problems More broadly, however, the development of
microstucture evolution models allows also other problems to &ddressed such as
swelling, and to understand in a quantitativgay processes such as radiatiomduced
segregation, radiatiorenhanced/induced precipitation, and so offhe corresponding
deliverables of, mainly, GETMAT, allowed the milestones for the ZWb phase to be
reached.This work and the corresponding results are of course the basis on which current
and future activities are defined and carried on.

Currently, two ongoing pilot projectsf SP4, namely MEFISTO and MOIRA, constitute the
content of the WP2 of FP7/MatISSHe first of these two PP is the logical continuation of
the activities of the WP4 of FP7/GETMAT, dealing with embrittling microstructural features
that involve also micrdeemical processegjue to the effect ofelements such as Cr, Ni, Si
and P¥ in order to make a correlation with radiatignduced hardening. The second one
addresses for the first time the effect of stress in microstructure evolution under irradiation
using atomistic modellingproviding the tools and the knowledge to derim@acroscopic
models that predict irradiation creep strain.

®These elements were identified as important as a result of the WP4 of FP7/GETMAT.
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Thecurrent researchin this SP is defined by tten-going FP7/MatISSE project and thE
proposed in 2015 that led to amuch braader portfolio. Namely, nowthe research is
extended to austenitic alloy€ and addres®s explicitly issues such as swelling and
compatibility with HLM making an effort to move to larger scaldsoreover, wider use of
microstructural examination is made, including effort to make ion irradiation an ever
better performing tool to study radiation effects by combining models and experiments,

the goal is toidentify and understand the limits of moirradiation as a neutron irradiation
surrogate and developing strategies to obt#ie mostsuitable conditions to be as close as
possible to the microstructure that neutrons would produce. Finally, in order to deduce
information on mechanical propeds from ion irradiation experiments, nanoindentation is
specifically studied. This is important not only for modelling purposes, but also because the
scarcity of neuton irradiation facilities, thenigh costs of neutron irradiation experiments
and the limitations and restrictions imposed by safety and security concerns somehow
oblige nuclear materials researchers to make the widest and best use possible of alternative
irradiation sources for materials screening purposes.

Three PPproposed in 2015 argpure" SP4 projects, namely:

1 IOANIS (lon irradiation as a neutron irradiation surrogat@otential, challenges and
limits)

1 ICAR (The influence of initial microstructure/carbon distribution on the swelling and
hardening of irradiated FeCrxC alloys)

1 MARACAS (Simulation of Model Alloys Representative of AustenitiC stAinless Steel)

Four SP4 PP, on the other hand, were linked to one or two othepmgrammes, namely:

1 SLIPLOC (multiscale modelling of slip localisation under irradiation), transweegsl

T MOLECOS (modelling of hediguid metal corrosion of steels), transversal to SP1;

1 MOSEL (modelling steel embrittlement by heavy liquid metals), transversal to SP1;

1 NINA (development and applicaton of naimalentation), transversal to SP1 and S&#2
well;

The SP has therefore strong connection with SPIin terms of materials and issues
However, at the moment the link with SP2 and SP3 is largely migsiresearch agenda
concerning modelling in support of ODS steels fabrication has been disdted time ago,
but has not led to any practical implementation However, some activities on
thermodynamic modelling in support of the development of CSE stgelproposed in the
PP CREMARery few modelling activities exist at the moment devoted to ceranaiad
those that existre included in the JOISIC, RPSP3

3.5 SP5: Synthesis, irradiation and qualification of advanced fuels

Safety and sustainability are a key focus of the GemtB/EESNII fast reactor systems. This

can only be achieved with closed fuel cycles to extract the maximum energy from the

uranium resource. Fuels irradiated in fast neutrons generate as much Pu froffithey

neutron capture as is consumed by fissidhe reactor cores can be optimised to produce
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'°1t should be considered that only vergcently did F/M steels disappear from the priorities for the
ESNII systems and it was unclear which were the issues to be addressed for austenitic steels, on
which return of experience existed. Therefore most attention was devoted to F/M alloys. Now the
Situation is changing.
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time taken to generate as much Pu as was loaded in the first reactor core. The closed fuel
cycle requires a short storagef the irradiated fuels before their reprocessing, i.e.
dissolution and extraction of the U and Pu from the fission products and minor actinides
formed during irradiation. Fast reactors offer an additional virtue, namely their capability to
transmute the minor actinides (the elements representing a long term source of
radiotoxicity and heat) into short lived fission products. In this way, the radiotoxicity of the
waste can be reduced to time scales below 1000 years (easily fulfilling man made
engineered reository licensing) and furthermore the capacity of these very repositories can
be increased by a factor of 10 or more. The challenging goals of Puremyitiing and
eventually minor actinide transmutation can only be reached with reliable and safeamucle
fuels.

The development of safe reliable fuels for the ESNII fast reactor systems face similar issues
as the structural materialsNuclear fuels are exposed to extremely severe operating
conditions, possiblyeven more than structural materialén addtion to high temperatures

and high temperature gradientsas well asdamage by neutronsfuel conditionsinclude
damage fromfission productsand changing chemical compositipleading tosignificantly
modified mechanical properties. The understandingho$ plethora of effects is essential in

the safety assessment of the fuels.

Fuelsmay exist under several formexides, nitrides, carbides and inert matricdsixed U

and Pu oxide (MOX) will be the fuel for the first cores of all ESNII prototypes. Variations of
this fuel were used in previous European fast reactor programmes. MOX fuel represents
9dzNR LISQa 2yfeé& YIFI22N {y26f SR3IS preyidus ED@peadS i Sy OS
fast reactors arenow closed. Though widely studied in the past, the MOX product,can
however, bear important intrinsic hallmarks linked to the fabrication methods used, e.qg.
porosity distribution, grain size, impurity levels, all of whican come to bear in its
performance. In the long term, optimising core performance will necessitate the adoption of
mixed uranium and plutonium carbides and nitrides. Their fabrication is not trivial, if high
purities are to be achieved. In a further prierm step, the reduction of the long term
toxicity of the waste and its imprint, in terms of number of gangways in a geological
repository, can be dramatically improved by the introduction of advanced nuclear fuel cycles
within which the minor actinidesre extracted from the spent fuel and introduced in the
reactorfor their transmutation. Fast reactors are essential for minor actinide transmutation.
The fabrication of these fuels requires heavy shielding, and there is only very sparse
experience in thassessment of the irradiation performance of these fuel types.

This SRddressesstep by stepall these problems: fuedynthesis, property determination,
irradiation, post irradiation examination (PIE) and performance modelling. Integration and
leveragingof the modelling with fundamental studies is an essential component towards the
full understanding of the performance of these materiaisl is addressed in SP6

The cevelopment and safety assessmeridf fuels for the ESNII fast reactors requires

dedicatad experiments out of pile and in pile (preferably in fast neutron spectra but also in

Material Testing ReactorsMTRs). Dedicated irradiation testing is particularly time
consuming and financially challenging, but nonetheless essential. In the pasthéws

0SSy ljdzaa t AFTASR Ay GKA&A YIFIYYSNE 6KAOK 4SS y2g4
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main ingredient in their qualification and licensing. This practice was widel in the past,

but is gradually being replaceny a paradigm, whereby the fuels are subjecteddtdR S & A 3y
andcontrol @ ¢ KA A LI NI} RAIY &aKAFEG YAGAIFLGSa O2ald FyF
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the heart of the"design and contrél paradigm lies the mgater reliance on advanced
modelling and simulation, partly generated by improved theory but also by vastly superior
computational power in the last decades. Nevertheless, it is clear that the combination of
computation and explicit testing is still nesasy, and should be made in a unified coherent
manner.

This SP started only very recently, in 20tbgiether with SP6. Rerefore no past activities

can be mentioned here, excepne small project (FUELSYN) which ran for the duration of
2015 only. The™ phase of JPNM sees the real initiation of SP5 in JAMM pilot projects

(+ 1 in common with SP6) were proposed by the partners of SP5 in answer to the JPNM
internal call 2015, namely:

1 DOXO: Driver MOX Operation

DOXO undertakes experimental initiativies characterise real irradiated fast reactttfOX

fuel, leading directly to data for a new fuel catalogue to be implemented directly in safety
codes. DOXO makes a major drive to bring advances in experiment, theory and
simulation/modelling to fulfilment, eabling a still safer MOX driver fuel for the next
European suite of fast reactors. DOXO will continue the process started in the ESNII+ project.
1 TRANSEND: TRANSmutation END of the beginning

The goal of this pilot project is to capitalise on the past iadn programmes of the last 20
years in Europe that had a focus on americium transmutation. The PIE of these programmes
is only partially completed, with little advanced PIE so vital for the establishment of a solid
link between applied and basic scienepproaches. Apart form the basis data on
macroscopic phenomenology (swelling, gas release, microstructure chatiges)olution

of the fuel at the atomic level needs further investigation to understand irradiation damage
and its accumulation and anneadj, fission gas behaviour, material transport in the thermal
gradient, and above all helium behaviour as it is produced in large quantities and in no other
fuel type can have such a massive influence on the behaviour. This work will lead to a
roadmaphby 2@0 indicating remaining safety assessment criteria not yet resolved (e.g. off
normal issues), and to a plan for transmutation as a possibility infdbhe ESNII reactor
systems.

3.6 SP6: Physical modelling and separate effect experiments for fuels

The safety assessment of nuclear fuel requires a deep knowledge of the material properties
of the fuel, and an even deeper understanding of the multitude of phenomena occurring
during irradiation. These conditions are already severe under normal condibbahfecome

even moreexacerbated during transients or severe accidemts. in the case of structural
materials (SP4), an approach based on integrated computational materials engineering, that
makes extensive use of separate effect experiments and retegdmanced materials
characterization, together with development of physical models largely based on computer
simulation represens the only reliable route for the assessment of fundamental properties
and mechanisms related with nuclear fuel behaviourt thiater as input to fuel performance
code, beyond the so fappliedapproach of'observe and qualify”, which is too costly, and
shifting to a more promising "design and control" paradigm.

The assessment of the operational limits of the fuel requires a detailed knowledge of the
melting temperature and phase diagrams, and how they are modified by elemental content,
stoichiometry (i.e. O/M ratio for the oxides), and radiation damage. Thedasade has
witnessed breakthrough in melting point determination using -selicible configurations,

and in CALPHAD methods that by combining limited experimental data, standard enthalpies
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and entropies not only optimise the phase diagrams, but extend thamably into regimes
beyond the measurements themselves.

The understanding of gas and volatile species in the fuel can be determined in a global
manner by Knudsen Effusion Mass Spectrometry (KEMS) and limited data sets can be used
as calibration pointdor separate effect experiments. lon implantation of inert gases in
UQ,(+x) and their dynamics as a function of temperature provide detailed insight into
complex behaviour, including dissolution in the matrix, diffusion, precipitation on grain
boundariespubble formation and release. Through the identification of such mechanisms, a
detailed understanding of the ultreomplex issues in real fuel under irradiation can be
understood and validated. Radiation damage provides another example and can be
simulated out of pile by ion irradiation or by selfadiation damage (e.g. doping ByPu).

The validity of both of these approaches needs to be verified and due caution exercised
when extrapolating to in pile irradiation. Nevertheless, these methods yieldakbdunsight

into defect formation and migration, and thermal conductivity degeneration (and also its
thermal recovery).

Above all, however, the major advancements are derived in computational and simulation
methods. Improvements in this field, whethereth be in ab initio, density functional theory
(DFT) molecular dynamics, kinetic Monte Carlo, etc., are paving the path forward to the
identification of key mechanisms in the understanding of fuel behaviour. Moreover, the
methods permit the determination gbarameters (in the absence of direct measurements)
that can be implemented in macroscopic fuel performance codes. The approach bears many
parallels to structural materials, though it is further complicated by the heavy atoms (U, Pu)
and concomitant relatiistic effects to be included in the theory, presence of fission products
and massive thermal gradients.

This SP started only very recently, in 2014, together with B&#&.activitiesin 2015 were
limited to a single pilot project performed in 2015idtin 2016that SP6, like SP5, begin
earnest. During 2015, three pilot projects, including one in common with SP5, were
proposed by the partners of the SP6 in answer to the JPNM internahaaikly:

I TASTEFUL: Thermodynamic and Atomic Transport propedi@sixed oxide FUelLs

The objective of this PP is to investigate fuel behaviour and safety issues using basic research
and to provide a scientific basis to determine the operational limits of nuclesds for next
generation reactors. It aims at extending the basic research approach developed in the
FP7FBRIDGE European projéended in 2012jo (U,Ce)@ (U,Pu)@and (U,Am)@mixed
oxides and fuels containing nagaseous fission producti contribute to solve a selection

of critical applied issues related to nuclear fuel behaviour under irradiation under normal
and offnormal operating conditions. It will focus on the issues occurring inside the fuel, just
before or at the beginning anduring the accidental event. Melting behaviour, fission
product chemistry and release, as well microstructure evolution under irradiation are the
key issues identified from a first tegpwn analysis done in interaction with industry
representatives involwe in the user group dfP7F~BRIDGE that will be studied here.

1 MECHAFUEL: MECHAnNisms governing MECHAnical properties of oxide fuels

This pilot project focuses on improving/developing experimental techniques and multiscale
modelling methods that are at theutting edge for nuclear fuels to reach a better
understanding of the underlying mechanisms of mechanical properties, in particular for fuel
creep and fracture.

The studies will involve:

1) Multiscale modelling methods from the atomic to the mesoscoptesc

2) Development of new thermmechanical models at the macroscale
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3) Design and building of devices to measure creep under andfautdiation;

4) Measurement of thermal and radiatienduced creep

The building of the setips at CEMHTI and HFRIwelquire external funding in addition to

the contribution of the partners.

1 COMBATFUEL: COMbining BAsic and Technological research for the characterisation of
nuclear FUEL behaviour under irradiation

The goal of this Pfaunched in common with SPB)to strengthen the integration between

the various areas of expertise necessary to study fuel behaviour under irradiation. It aims at:

1) demonstrating the capability of separate effect experiments performed in basic research

approaches to provide new insightsnd improve the interpretation of postradiation

examinations carried out on neutreiradiated fuel

2) transferring the knowledge acquired from basic and technological research into

operational tools

3) bringing together experts from various areasegpertise to develop and capitalize on the

synergy between basic and technological research on modelling and experimental aspects.

4. Participants and human resources

Table 2provides a summary of the situation at the time of revision of the present oW
terms of participants in the JPNM arabrresponding committechuman resourcesas
declared, forthe researchto be done in this framework. Full participants are highlighted in
grey and bold font is used for those who hold responsibilities in the gaweaof the JPNM
(see section 9 for details on the governanc&he corresponding associate membere
listed below each full participantsection 9 provides more details about the status of full and
associate member)The effort is given in perseyearsper year (PY/Y) in the case of the full
members (> 5 PY/Y) and in persoonth per year (PM/Y) in the case of the associate
members(< 5 PY/Y)There are in total 48 participants, of which 17 are full members.

Table2: Summary of JPNM participants adelclared human resources (June 2016)

Nr. | Name Country Humarresourcs committed | Role/
PYIY PM/Y Responsibility
1 CEA France 15 Full participar5P6 coordinator
1.1 | EDF France 10 Associatelhdustry
1.2 | UTBM France 34 Associate
2 U.Chalmers Sweden 8 Full participant
3 CIEMAT Spain 6 Full participar§P2 coordinator
3.1 | CENIM (CSIC) | Spain 6 Associate
3.2 | ICCRAM Spain 24 Associate
3.3 | IMDEA Materials| Spain 5 Associate
3.4 | U. Alicante Spain 5 Associate
3.5 | UPCatalunya Spain 2 Associate
4 CNR Italy 6 Full participant
5 CNRS France 6,3 Full participar§P4 coordinator
6 CVR Czech Republi¢ 10 Full participanttutting issues
6.1 | COMTES Czech Republig 10 Associate
6.2 | STUBA Slovakia 54 Associate
7 ENEA Italy 16,5 Full participar5P3 coordinator
71 | CSM Italy 4 Associatelhdustry
7.2 | IT Italy 14 Associate
7.3 | POLIMI Italy 24 Associate
7.4 | POLITO Italy 12 Associate
8 HZDR Germany 8 Full participant
8.1 | TU Dresden Germany 24 Associate
9 JRCIET/ITY EU 7,5/5 Full participar®P1/SP5 coordinator
9.1 | Raten Romania 54 Associate
10 KIT Germany 19 Full participaribép JP Coordinator
10.1 | DLR Germany 20 Associate
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10.2 | MPA Germany 13 Associate

11 KTH Sweden 5,5 Full participant
12 NCBJ Poland 6 Full participant
12.1 | AGH Poland 36 Associate

13 NRG (ECN) The Netherland 5 Full participant
13.1 | TU Delft The Netherland 12 Associate

14 PSI Switzerland 7 Full participant
14.1 | ETH Zirich Switzerland 3 Associate
14.2 | SUPSI Switzerland 24 Associate

15 SCKCEN Belgium 12,5 Full participani? Coordinator
15.1 | Inst. Phys. Zagre| Croatia 24 Associate
15.2 | KULeuven Belgium 12 Associate
15.3| OCAS Belgium 12 Associatelhdustry
15.4 | ULBrussels Belgium 2 Associate

16 UKERC UK 6 Full participant
16.1 | METU Turkey 12 Associate
16.2 | NNL UK 12 Associate
16.3 | CCFHUKAEA) | UK 54 Associate

17 | VIT Finland 53 Full participant
17.1 | Aalto U. Finland 54 Associate
17.2 | IFE Norway 3 Associate
17.3 | U. Helsinki Finland 48 Associate
Total 17Full+3 Assc 17 Countries | 154.6 PY/Y | 592.4 PM/Y | 204 PY/IY

*JRO s st at us panmest sfeesttausa MpUewithBEERA is being discussed, dectérihg in
contributions instead of fees

5. Infrastructures and facilities

The community of organisationgwvolved in theEERAIPNM disposealtogether of a wide
range of infrastructures and facilities of relevance for research on nuclear materials
irradiation deviceso a ¢ WA X A 2Y [ 16opSand audodiagedl Forzthe Xxposure of
materials to aggressive fluigscluding inpile loops, i.e. loops inside MTRisdt cells for the
manipulation of radioactive materiglshot and cold laboratories for mechanical testing
under a variety of condibns workshops for the fabrication of specimens, including
YAYALF GdzZNAT SR &;LIflérenv &gvancedo t€dhniquesX for microstructural
examination. A list o&vailablefacilitiesdating backio the year 2012 is given separately as
Annex to this documnt. An updated mapping and revision of the list of infrastructures and
facilities is being compiled in the framework of the AR&AtISSE projeand, when finished,
will replae the current Annex

Some of these infrastructures and facilities are stilhigetonstructed or upgraded. A few of
them, in particular irradiatiofMTRSs) and testintacilities, offer or will offer open access

e.g. SUSEN facilities in the Czech Republic that received with EU financial support. However
open accessloes not mean avhihility for free; in particular, MTRs operation is extremely
expensive and cannot be offered for free, although under some conditions it is possible to
perform cheap or irkkind "piggyback" irradiation experimenisin a concerted framework

(see below. However, in generahccess to andharing of facilities for nuclear materials
exposure, testing and examinatigrespeciallythose confined to the controlled area, where
radioactive materials are manipulated, can be problematic fiegal, security, safety and
financialreasons namely:

A Legal
1 Protection of knowhow & expertise there is often reluctance to giviell open
accessas this may reveal details on protected knbew (this attitude is
howeveroften inconsistent even within the same organisation);
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A Related tosecurity
T Access to hot cells requireslearance from safety authoritiefor security
reasons this takes months and a significant administrative burdén is
therefore difficult to plan intedaboratory mobility of researchers and there is
gereralreluctance to do so.
A Related tosafety
T Onlytrained & skilled operatorgan safelyuse some equipmentespecially in
K24 flroa OYIyALdzZ I G2NERX X0
A Financial
T Availability of specific equipment for openly accessing users has a high cost

I The avners offacilities made an investment and need to breakeven

Notwithstanding these difficultiessolutions can be envisagedor example ascheme of
mutual compensationd SG 6 SSy 2 NBI y A al lrasBaychO Sg/Ai(NEBI\Gr A ya G A NI
in-cash. An irkind typeof compensation is for example by seconding employees from A to B
in a stable way, in such a way that:

A A offers the manpower

A There is time for clearance from safety authorities pf B

A There is time for the employee to be trained by B

This could happen umd a specific agreement between A & B concerning-gisolosure of
know-how, use of manpower for B purposesc.

So, solutions may exist, but they require effort to be devised and implemented: this will not
happﬁn withoutstrong willingness and determinah at high management level and MS
level

In practice, in the framework of European projgand/or within JPNM pilot projects what
most often happens is that theollaborating organisations agree orcancerted use of the
facilities that everylaboratory may offer This procedure is facilitated within the JPNM by
the fact that the partners know each other very well, as part of the JPNM commraty
example, an organisation that can perform irradiaticagrees to do so Hind (or partially
reimbursed by a Europeaor nationalproject), then the material is dispatched to different
laboratories, each performing part of the characterisation, based on everyone's capabilities
and available equipmentat the endthe final data are shared between dlie involved
laboratories. Alternatively, round robins are launched in order to verify the consistency of
the data produced by different laboratories that can perform similar types of
characterisations, and based on the result a large amount of tests pose’ materials is
subdivided between laboratoriesharing the final dataThisactually happens on dairly
regular basis within the JPNM community. Difficulties arise generally when there is
redundancy of a certain type of facilities or claimed expertig order to select which
partners should perform the work, especially within Europd#ms externally funded)
projects. Of course in the long run it would be desirable that redundancies should be
minimised, but in practice this is unlikely to happarthe near term especially if significant
investments have been made to acquire or refurbish a specific facility in the recent past.

Y"wSANBGGlroteX 5D we¢5Qa AYRANBOG FOdGA2y LINBINFYYSa y
such as TALISMAN or ACTINET, which provided support for young scientists to perform activities at
Institutes with hot labs, that are not ailable broadly in Europe. In the US, akin programmes exist
and can rely on budgets round 20 M$/year.
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6. International Cooperation

International cooperation is ongoingnainly at the level of bilateral, and often informal,
agreements.However, a Korean research centre is a stable partner in Euratom projects that
fall under the umbrella of the JPNMIloreover, there is a wish to include US laboratories as
partners of Euratom projects, as wellable3 is a norexhaustive(wish)list or the result of

very punctual initiativesThe problem is thatni this field there is clearly kegal void no

really attractive and practically applicable schemes for genuine internatiorapemation
actually existbetween Europeand countries with which a high added value would exist in
cooperating, such adS or Japan

An important example concerns cooperation with the US. The only scheme available for
nuclear energy is theNIERI (International Nuclear Energy Research Initiative), which is a
bilateral agreement between DoE and Euratom. Joint projects involve generahyU&
national laboratory and either JRC or a Euratom funded project. Most exampleNERII
projects involve JRC only, on the European side. In order for the collaboration to be
established with a European project, the consortium agreement must inclon@ppropriate
clause and the coordinator is the only signatory of the agreement. However, such type of
joint projects remain largely formal. Each side keeps working based on the funds available
from other sources, that would exist irrespective of the pobdjeNo dedicated fund is
foreseen from Euratom, not even to allow each side to travel to meet the other one.

Irrespective of the limited effectiveness, in the proposals currently being prepared by the
JPNM for Euratom the clause allowinyERI initiaties to be set up will be included. In one
case, a collaboration with Los Alamos National Laboratory on modeliiegted
experiments is foreseen, within the M4F proposal. For the iiesthe current Euratom WP
(201617), the only support to InternationaCooperation has a®bjective to pursue
focussed cooperative actions with specific third States in support to the implementation of
the EuratomResearch and Training Programme 2@DA8, covering the exchange of
scientific and technical nuclear expertise through participation of technical experts in
programmatic discussions under the legal framework of bilateral Euratom cooperation
agreements irfission and fusion researthSpecial allowances can be paid to the experts
appointed in their personal capacity who act independently and in the public interest. The
targeted countries are Ukraine, owing to its possible future association to the Euratom
Programme, and China as a major player in the nuclear sector.

Other possibilities for International Cooperation are the involvement of-Baropean
countries in Euratonfunded projects as participants, but again, no bonus is foreseen and in
the case of E@tom the participant cannot receive any funding, irrespective of the country
of location, if the country is not on the list of Euratom signatories (i.emgEbhbers +
Switzerland®). It is quite contradictory that International Cooperation is insistently

'8 Ukraine may soon become gible for funding. The JPNM has been informally contacted by the
Director of the ISSPMT at the NRIPT Nuclear Scienc€enter- Kharkov Institute of Physics and
Technology) to explore possible cooperation in the future. Concerning the UK after the referendum
on the Brexit'Until the end of the negotiations, UK remains Member of the EU and therefore with all
the rights andobligations, including in relation to Research Programmes like Horizon 2@2]6s
Moedas, EU Commissioner for research and innovation told Science|Busiitessn a legal point of
view, the outcome of the referendum has not changed anything. Tha®&ddntinues to apply in full

to the UK and in the UK until the moment it is no longer a Member StMeteover the Fission
research programme is governed by the EURATOM Treaty as opposed to the Lisbon Treaty which
governs the rest of the H2020 researatogramme. It is not clear if leaving the EU will impact the UK
as a signatory to the EURATOM treaty, which-gates the UK membership (¢ 1957) to the EU.
Probably not.
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promoted by EC and MSbut then there are noor very limited real and practical
instruments to truly support its implementation through earmarked funding, to make it

effective!

In the context of international cooperation it is also worth mentioning the pt&n
connection with GIF, the GenlV International Forum. Thisfasraal agreement between a
number of countries(especially active are US, Korea, France, Switzertandhare data
produced in each of them, of relevance for GenlV syst&ugatomis also a signatory of the
agreement, even though only a minority of the EU countries are involved. The six systems
are addressed within different projects and materials are not treated as a separate issue,
except in the case of the (V)HTR. In the framdwof the (V)HTR materials project, an
attempt is also being made to collect information of cras#ting interest for the different
systems. Exchanging data between EERA JPNM and GIF/(V)HTR materials group would be
ideally a very interestingpportunity, however no formal scheme can be set up for data
exchange, beyond informal contacts. In principle, via RRould be possible to exchange
data between Euratonfunded projectsand GlEhoweverso far this channel of information

did not work, because whildeliverables are easily routed from Euratom projects to GIF, the
schme for other way round to work remains unclear. This is a point on which the JPNM

should work.

Table 3: Nonexhaustive summary a@xisting examples of International Cooperation within
the JPNMJune 2016)Most of them are based on informal personal contacts and do not
enjoy of any established and funded framework, because of lack of satisfactory and
motivating frameworks of this type in Europe.

Country Framework of collaboration Topic

Argentina Bilateral informal collaborations exist between participants in tH Modelling of radiation effects in
Wtba FyR ! NASyiGAyS NB&SI NOK § materials (SP4)
and CNEA (Comision Nacional Energia Atdmica) / CONICET
(Consejo Nacional de Investigaciones Cientificas y Técuies),
results of which partly contributed to the JPNM

Canada Bilateral collaborations exist between participants in the JPNM| -  SCWR materials (SP1)
and Canadian researchers, specifically-llRCand CEA collaboral -  Modelling of fuel behaviour
with Canadiarcentres. They are not, however, explicitly (SP6)
contributing to the JPNM.

China Bilateral collaborations exist between participants in the JPNM| Modelling of radiation effects in
and Chinese researchers, specifically IMDEA Materials agth t | SiC and steels (SP4); potentially,
School of Nuclear Science and Technology on SiC modelling g share of facilities
{/ Yw/ 9b AGK GKS [/ KAYl Lyada
there is no direct contribution to the JPNM. general, the
collaboration with China, beyond bilateral cases, is not simply |
in place.™

Japan There might be bilateral collaborations of JPNM participants wi| Not known but ideally the
Japanese researchers, but no precise information is available.| cooperation could be valuable.
national levels there may be schemes of collaboration with Jap|
but there is no information on schemes at European level, if an

Russia Within the FP7/GETMAT project, which finished in October 201 §  Access to unique high dose

FYR O2y(iNROdzGSR (2 &ASOSNIE
ran an irradiation programme in the BOR60 reactor (RIAR,
Dimitrovgrad) via ISTC (intermediary agency, now dismantled)
there are stil informal connections and the experience was very
positive.

Helmholtz Society holds a collaboration with Russia within whi

neutron irradiation facilities:
BORG60 reactor in
Dimitrovgrad (RIAR) and
BN600 reactor in Obninsk
(IPPEY, potentially interesting
for all SPs

¥ Note that in the recent part a Euratom funded project meant to set up a Euratom/Cbifeboration on
sharing facilities failed and was cancelled, due to "lengthy procedures on Chinese side to provide matching

funds" (sic).
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participants in the JPNM collaborate with Russian counterpartg
the results contributing to the JPNM; specifically, KIT collalksral
on ODS steel modelling (Joint Research Group 411), as well a:
irradiation creep modelling.

M ODS and irr. creep modelling
(SP4)

South Korea

KAERI (Korean Atomic Energy Reseach Institute) was formally
participant in the FP7/MATTER project and is now participant i
the FP7MALtISSBroject, both strongly linked to the activities of
the JMIM. Specifically, KAERI contributes with creep and ereef
fatigue data on ferritic/martensitic steels for application as fast
reactor core material.

High T properties of
ferritic/martensitic steels as SFR
core materials (SP1)

Ukraine

Bilateral collaborations exist between participants in the JPNM
and researchers at the National Science Cenkdrarkov Institute
of Physics and Technology, mainly for the use of TEM and-tripl
ion-beam irradiation facility, as well as for modellirgg( at
SCKCEN)Currently, Ukraine is negotiating association with the
and Ukrainian labs may acquire the right of being funded by th
EC as partners in European projects, at least within Euratom.

Potential access to tript®n-beam
irradiation facility aad relevant
TEM

us

For sure several bilateral collaborations exist with researchers
the US, but they are not formally framed in the JPfékithe
moment In the past, via the project GETMAT, there was an
exchange of information (deliverables) with INERA a
DOE/Euratom call, which had some sort of official recognition,
without any dedicated funding on either side (so, not especially
attractive on either side). An INERI project was attempted in th
framework of MatISSE but had to be dropped. Infiliterre, effort
will be made to set up INERI projects within Euratomded
projects by including the correct clause in the consortium
agreement.There are schemes (probably bilateral, between US
and specific European countries) to apply for NSF projeictsy
with European national funding agencies (eg ANR in France), |
these projects are not especially appreciated in the US becaus
each institution can only apply for one such project, thereby
having to choose in which framework to collabte. Finally,
professional links between Czech and American research insti
initiated the discussion about bilateral Cze&merican
collaboration in the field of nuclear energy. On December 6, 20
the Declaration of the cooperation in the field of nuadlemergy
between the Ministry of Industry and Trade of the Czech Repu
and the U. S. Department of Energy was sigié@Czech
Republicdhus participates in research of alternative coolant
technology for in U.S. designed Fluoride cooled High tempezat

Reactor (FHR).

Several potential reasons of
interest, but there is a difficulty to
get matching funds on both sides

7. Training and mobility of researchers

It is known that in the nuclear energy sector there is a problentinsited generational
turnover. Experts retire without being timely associated wittduction of younger
researchers or operators that should eventually replace them, with a corresponding loss of
expertise or experts changerematurelytheir field of activitieswithout having the chance

to transfer their knowledgeThe sector is currently nagspeciallyattractive to motivate
young researchers with few exceptions of courseso the number of young people entering

it is lower thanthe number ofthose who leave it The limitations politicallyappliedto the
possibility of new builds and the still uncertain future of initiatives related to GenlV reactor
limit the capability of the nuclear industrgr the nuclear energy resear¢ho absorb and
train a new generatiof experts. There itherefore a two-fold need related with education
and training of young people in the nuclear sector: provide sufficient political stability to
make workingn this sector an attractive caer and set up adequate training couss®
transmit the knowledge to the young generations that are willing to enter this world.
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Within the EERA JPNM a wide range of expertavailable thatan valuablycontribute to
transfer knowledgeon nuclear materialsbut there are nosufficient financiaresources to
organize and establish stableatning and education frameworks, to be repeated on regular
basis. Efforts have been and will still be made to organise attractive summer schools within
Euratomfunded projects (exampke are the MATRE schoolbrganised within the
FP7/GETMAprojectin collaboration with FP7/PERFORNM60the MUNECO schagbintly
organised within FP7/GETMAT and FP7/MATArERctS®). Besides this, specific initiatives

are taken by nuclear research centres involved in the JPNnh(iiutamed in this context),

such aghose organised in the framework of thddINOScentre of excellence aEEA' or the
school onheavyliquid metali SOKy 2t 2 3& 2 NAH I?YTheaEERA JBNM shollyf w/ 9 b
work on a better coordination and complementarity between these local initiativesatnd
leastact as a centre of collection and dissemination of the informatissuming sufficient
financial resourcescan be madeavailable, the sees of schools called MatGenlV and
organised regularly until not so long ago by KTH in the framework of the Genius national
project may be revive&®

The real added valyehowever,would come from the stable organisation of a European
master on nuclear matéals.But for thispurpose significantesources arelefinitely needed.

Until recently, European Training Networks (ETided by the E as Marie $édowska

Curie actions wer@ot accessible to nuclear energy related topics. Now this restriction has
been droppedand a proposal for an ETN on nuclear materials, DIAMANT (Doctoral school on
Industrial Application of Materials for Advanced Nuclear Technology) has been already
submited twice(the success rate of ETNs is only 1086 long term solution is clearly
essential, sporadic efforts will not suffice.

In addition to training of young researchers and nuclear materials experts in general, it is
important to either train experiened researchers to new techniquesmsearch topic®r to

allow crosdfertilisation between different laboratories, by fostering mobilaf researchers

This is an action that can be taken in the framework of European projects, i.e. mobility
schemes carbe set upusing part of the funds from the projecAlternatively, researcher
exchangesan bebased on bilateral agreementboth formal or informal These schemes

are hindered in their eacutions by the difficulties in sharing facilities that exist i th
nuclear secto(see section 5)however they may work if targeting experiments performed in
cold laboratories omodelling work

8. Dissemination and visibility actions

The dssemination of the results of the work performed within the JPNM is essdatighe
impact of the JP and therefore also for its visibilithe JPNM website is continually evolving
and isa fundamentalinstrument forthis purpose as well as for the JPNM manageménts
therefore crucial to maintain it in permanence.

The following actions are beingnd will continue to beaken:

20 http://nordic -gen4.org/wordpress/wgcontent/uploads/2012/01/Firsiannouncement.pdf
2 http://www.materials.cea.fr/en/minos/

22 http://academy.sckcen.be/en/Academic_courses/Calendar/Heangtalsummerschoot
20150615201506190bb4e7ba98b2e411b9ec00155d010700

2t might be opportune to have a MB member specifically devoted to the coordination and
networking on training and education initiatives.
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9.

Articles submitted for publication that report on results of research performed within
the JPNM arstronglyencouraged to acknowledge thigith the sentence "This research
contributes to the JointProgramme on Nuclear Materials (JPNM) of the European
Energy Research AllianeERA)

For these same articles, a publicly available repository on which they can be collected in
"green open acce8gselfarchiving, i.e. unformatted accepted version oétpaper)has
been created on the JPNM website

Symposia in larger conferences are organised under the auspices of the JPNM, i.e. with
JPNM organisers and advertised through the JPNM community: in these symposia the
JPNM is given explicit visibility nonbly through the organisers, but also gugh the
results presented by JPNM participants in an international framewiik. list of these
symposia can be followed via the JPNM website.

Thematic workshops are organised with, and sometimes without, the atippf
European projects, and advertised within and without the JPNM commuhigp. these
events are advertised and can be followed via the JPNM website;

A MoU has been signday EERAvith OECD/NEA that engages the JPNM to contribute
until 2020to the periodicorganisation of SMINS, the Workshop on Structural Materials
for Innovative Nuclear Systems, which is one of the main conferences worldwide on
GenlV reactor materialsthe first edition ceorganised by OECD/NEA and EERA JPNM
with some suppd from the IAEAisthe 20160one.**

Management

The management of the JPNM follows tinternal Rules of EERAAISBIZ that hold for all
JPsIn short:

1

Two classes of participants exist: full members and associate membkes former
engage for the JPuman resources in excess of 5 PY/Y, pay a higher fee to EERA
(currently 3000 EUR) and are represented in the Steering Comnisideebelow) which

is the decisional body of the JPhe associate members engage less than 5 PY/Y, pay a
lower fee (currentlyl000 EUR) and are represented in the Steering Committee by the
organisation with which they are associatédBoth full and associate members need to

be first accepted by at least one JP in EERA as participants and then ratified by the
Executive Committeef&EERA. ThEERA membership is formalized by signing a general
"EERA declaration of support" and a JP specific "letter of intent" and by paying the fee.
Participants are generallpublicly funded R&D organisations or private companies
recognized as R&D agisations by the European Commissiomustries can only join

as associateslPNM prefers to have all associates clearly recognised and approved by
the Steering Committee, even if belonging to umbrella organisations, whenever
possible Associates have géhsame rights as full members as far as participation in pilot
projects, task forcesand joint technical teams is concerned; however they do not
express a representative in the SC, therefore they dodeaide about the priorities via

4 hitps:/lwww.oecd-nea.org/science/smins4/
% http://www.eera-set.eu/whatis-eera/downloads/
?®|n 2017 the criteria to distinguish between full and associate members will change, in particular the

criterion based on the declared PY/Y willappear.
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e.g. approval of pilot projects angelection of which of them should enter European
project proposals.

9 Fig. 4 illustrates thgovernance structureof the JPNM, folloing the internal rules of
EERA

Chairs,

JPC Steering Committee
(full members only)

Represents

higher
management
Decides

Researchers of member organisations (full & associates)

Figure 4¢ Scheme illustrating the governance structure of the JPNM, which follows the EERA
Internal Rules of Procedure.

0 The Steering Committee(SC) is the decisional body of the JP, in which the
management of the different organisations involved is representa@éctly (full
members) or indirectly (associate members). Theelg€ts the JP coordinator (JPC)
as well as thésP coordinators (SPC$)om candidates presented in an open call by
the organisations represented in the SC. The JPC has to be later rayified BERA
Executive Committee (ExCo). The JPC chairs the SC, although he/she does not have
right of vote. The SC is expected to take decisions by qualified majority (2/3),
althoughif after two ballots no decision is made simple majority is acceptedjtaad
always possible for any single organisation to veto decisions that seriously
undermine its interests The SC reviews the progress of the JP and provides
recommendations in order to ensure that the programme activities will meet the
highest scientific standards and that the competences and facilities within the JP
parties are utilised in an optimal manner.

o0 The JPC also chairs thianagement BoardMB), which icomposed by the JPC, the
SPCand any othemanagementfunction that may be considered of relevance by
the JP. In the case of the JPNMieputy JPJs also part of the MB, which replaces
the JPC ircase of absence or unavailability and helps the JPC in his/her work;
moreover, there is a member of the MB in chargedorsscutting issues as well as
a secretarat. The MB prepares actions to be endorsed by the SC and reports to it
about the functionng of the JPin meetings that occur with a frequency of two per
year. MB members have a (renewable) mandate of 4 years but may be dismissed
earlier than that by the S@ith a 2/3 majority (the simple majority rule does not
hold in this case)Specifically, the MB deals with:

V Coordinating the scientific, dissemination, training and cooperation activities of
the joint programme: planning and reporting
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V Ensuring internal communication andomtoring the progress made within the
different subprogrammes, each SPC being specifically responsible for his/her
SP.

V Reporting progres® and discussg problems with the SC

o The JPC (and/or his/her deputy) is specifically in charge to interact with the EERA
ExCo and secretariags well as with other JPQs EERA, by preparinglevant
reports and documentgparticipating in JPC or other EERA meetingse¢cJPC and
higher deputy also interact with other platforms (industrial initiatives, technology
platforms, ...) and stakbolders (including MS and EC representatives), supported in
this by the rest of the MBespecially by the person in charge for crogiting issues
This is illustrated in Fig. 5.

EERA General Assembly (all full
members)

l EERA -
Secretariat SERANES
SET-plan,
Member states ‘
Other _ Steering Committee

platforms, « B (full members only)
other EERA JPs, Management Board

Figure5 ¢ Scheme illustrating thimteraction of the JPNM with EERA and the external world

As a complement to the above describgdvernancestructure, in order to strengthen the
relationship with other platforms and with the M#)e JPNM decided to create a stake
holder group (SHG), based on the signature of adisclosure agreementy the members
This is expected to act as an advisory bollyis al® a body through which industrial
partners that do not wish to become EERA members can be involved in the JPRM.
creation of this SHG is an ongoing taskh& Coordination and Support Action (CSA) that
supports the JPNM via theP7/MatISSElhe intention is to organise once a year a JPNM
workshop to which the SHG members are invited.

10. Funding strategy

In the framework of FP7/MatISSE an analysis of the possible sources of funding forthe SRA
of the EERA JPNM has been perforrffetihe conclusion of the analysis reads as follows:
"the JPNM has been successful in European integration and working for SNETP goals towards
9 dzNP LIS Qa (i NJ-gadhdniederyy mixiby 2060. Wndegstanding the huge costs of
currently considered indugtrl Gen IV reactors in Europe and analysing possible different
funding sources, it is evident that the financial support for JPNM Gen |V research and
coordination depends heavily on Euratom funding, posghilgugh a cefund action such as

an EJP on nu@de materials, as a way to leverage or at least earmiamkls for the JPNM also

from the MS. In turn, it is importanfor the JPNM to be active inoordinating research

% In preparation.
%8 Deliverable D1.33 " Reflection of the EERA financial approach to IRP/JP on Nuclear Materials".
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