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SUMMARY 
 

Nuclear energy is fully recognized by the SET-plan as a low-carbon energy source. The 
corresponding key action is "Maintaining a high level of safety of nuclear reactors and 
associated fuel cycles during operation and decommissioning, while improving their 
efficiency". Materials have an important role to play to reach this objective. 

The Sustainable Nuclear Energy Technology Platform (SNETP) envisions that the 
European nuclear industry will continue to deliver safe low-carbon nuclear energy for the 
present and the coming centuries, with a commitment towards even higher safety standards 
and sustainability. Building GenIV fission reactors and systems is part of this vision and 
commitment. The sodium fast reactor (SFR) is the most mature technology of this type, lead 
cooled fast reactors (LFR) are considered the next technology, while gas cooled fast reactors 
(GFR) are a longer term alternative. Sustainable (GenIV) nuclear energy systems allow the 
nuclear fuel cycle to be closed and the energy output from available resources to be 
substantially increased, while reducing the quantity and improving the management of high 
level radioactive waste through transmutation processes. The performance of nuclear 
(structural and fuel) materials is an essential point to make GenIV reactors a reality. The 
safety and the feasibility of GenIV nuclear system concepts and their optimization will 
indeed depend crucially on the capability of the chosen materials to withstand the expected 
extreme operating conditions, characterised by high temperature, prolonged irradiation, and 
chemically aggressive environments. Materials with the required properties must therefore 
be selected or developed, properly qualified, and their behaviour in operation fully 
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 the European Energy 
Research Alliance (EERA). 

The objective of the EERA JP on Nuclear Materials is to improve safety and 
sustainability of nuclear energy by focusing on materials aspects. This has two implications:  
1. Better knowledge of materials behaviour under 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 of innovative materials with superior capabilities, either through suitable 
processing methods applied to existing materials or adoption of new types of materials, 
in terms of resistance to high temperature, irradiation and aggressive environments.  

The three grand challenges correspondingly identified are 

- Grand Challenge 1: Elaboration of design rules, assessment and test procedures for the 
expected operating conditions and the structural and fuel materials envisaged. This 
involves deployment of infrastructures for exposure 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 high-level understanding and predictive 
capability: an essential asset, given the scarcity of experimental data and the difficulty 
and cost of obtaining them. 

- Grand Challenge 3: Development of innovative structural and fuel materials with 
superior thermo-mechanical properties and radiation-resistance or, in general, of 
nuclear-relevance, in partnership with industry. 
Consistently with these challenges, the EERA JPNM is currently structured in six sub-

programmes, 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 
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mechanisms responsible for degradation effects to the pre-normative research that 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, as illustrated in the 
Figure below. The TRL of all remains below 5 within the mandate of JPNM. 
 

 
 
The present Description of Work (DoW) addresses the actions to be envisaged in the 
period 2016-2020 to address the above challenges. While the present document provides 
the general framework, detailed tasks, milestones and deliverables are given in the DoW 
of the different sub-programmes (SPs). 
Three are the instruments of implementation used, namely: 

¶ Joint Technical Teams (JTT): These correspond to the scientific community involved in 
each SP, that meets regularly (at least annually) in targeted workshops or other 
meetings to monitor and share results and discuss collaboration. JTTs 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. 

¶ Task Forces (TF): These are groups of experts specifically appointed to provide specific 
answers to questions that can be of scientific/technical nature or of 
coordination/funding instrument kind, and 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. 

¶ Pilot Projects (PP): These are small projects (~2-3 aϵ ƳŀȄΦ of value) focused on precise 
topics that result from the convergence of research interests and lines of several 
organisations from different MS. The typical duration is expected to be 3-4 years. 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 the present DoW. 
There are in total currently 48 organisations contributing to the JPNM, of which 17 are 

full members, overall committing more than ~200 PY/Y, based on what they declared. The 
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 (materials testing reactors ςMTRsςΣ ƛƻƴ ŀŎŎŜƭŜǊŀǘƻǊǎΣ ΧύΤ ƭƻƻǇǎ ŀƴŘ 
autoclaves for the exposure of materials to aggressive fluids (including in-pile loops, i.e. 
loops inside MTRs); hot cells for the manipulation of radioactive materials; hot and cold 
laboratories for mechanical testing under 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 
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given as Annex to this document. An updated mapping and revision of the list of 
infrastructures and facilities is being compiled and, when finished, will replace the current 
Annex. 

International cooperation is ongoing mainly at the level of bilateral, and often informal, 
agreements. Cooperation is mainly with American and Asiatic countries. The main 
instrument to make the cooperation official is through the involvement of cooperating 
organisation in Euratom project. 

Concerning education and training, efforts have been and will still be made to organise 
attractive summer schools within Euratom-funded projects. The real added value would 
ideally come, however, from the stable organisation of a European Master on Nuclear 
Materials. For this purpose, however, significant resources are definitely needed. Attempts 
are being made to get funding for a European Training Network (ETN) on nuclear materials. 

Dissemination of the results of the work performed within the JPNM is essential for the 
impact of the JP and therefore also for its visibility. The JPNM website (www.eera-jpnm.eu) 
is continually evolving and is a fundamental instrument 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. 

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

The added value can be summarised in 10 points: 
1. The JP creates a community where researchers can recognise themselves and find a 

framework to leverage their ideas and initiatives through trans-border 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 world; 
4. The JP strives to coordinate national and European project proposals based on joint 

prioritization and medium-term planning; 
5. The JP optimises the use of funding resources for targeted priorities, by focusing 

institutional, national and European funds towards 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 medium-to-

long term to dedicated support (condition: credibility); 
8. The JP acts as single interlocutor and entry point for exchange and collaboration with all 

stake-holders: EC and MS, industry, and other platforms, including international 
organisations (GIF, IAEA, NEA-OECDΣ Χύ; 

9. The JP promotes cross-fertilisation with other energy technologies and maintains the 
recognition of nuclear energy as low-carbon technology; 

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

 

http://www.eera-jpnm.eu/
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1. Background1 

1.1 SET-plan and SNETP 

Nuclear power plants (NPPs) provide energy with very limited CO2 footprint at stable and 
comparably low prices, thereby guaranteeing secure and reliable supply of base-load 
electricity. More than 1/4 of the electricity in Europe comes from NPPs. Nuclear energy is 
therefore fully recognized by the SET-plan as a low-carbon energy source and enters the 
plans for a Resilient Energy Union2. Accordingly, the Integrated Roadmap,3 issued in 
December 2014, includes as Heading 5 in the Part II of the Annex a section on "Supporting 
Safe Operation of Nuclear Systems and Development of Sustainable Solutions for the 
Management of Radioactive Waste".  

Amongst the SET-plan 10 key actions identified on the basis of the Integrated Roadmap and 
used as a starting point for discussions with Member States and stakeholders on the 
prioritisation of energy research activities in Europe, nuclear energy enters as 10th objective, 
as follows: "Maintaining a high level of safety of nuclear reactors and associated fuel cycles 
during operation and decommissioning, while improving their efficiency". As will be 
outlined here, materials have an important role to play to reach this objective. 

Three main open issues remain concerning nuclear energy: (1) accident risks; (2) long-lived 
nuclear waste; (3) sustainable use of resources. 
 
The Sustainable Nuclear Energy Technology Platform (SNETP) released a Strategic Research 
and Innovation Agenda (SRIA)4 in February 2013 and the corresponding Deployment 
Strategy (DS)5 in June 2015. Together, these documents define clearly the three pillars for 
nuclear energy research and demonstration in the following decades, as follows: 
 

¶ Support the fully safe operation of present and newly built light water reactors (LWR), 
so-called GenII/III reactors, allowing the development of sustainable solutions for the 
management of radioactive wastes; 
 

¶ Prepare the development and demonstration of advanced fast neutron Gen IV6 reactor 
technologies associated with a closed fuel cycle to enhance the sustainability of nuclear 
energy; 
 

¶ Promote the use of nuclear energy beyond electricity generation, namely in 
cogeneration of heat or hydrogen production or water desalination. 

 
Three platforms, pillars of SNETP, correspondingly take over these challenges, namely:  
 

                                                           
1 Much in this section recalls and summarizes concepts expressed already in the vision paper of the 

JPNM (http://www.eera-jpnm.eu/?q=jpnm&sq=nboard) and in the Strategic Research Agenda (to be 
issued). 

2
 The link address is: http://eur -lex.europa.eu/resource.html?uri=cellar:1bd46c90-bdd4-11e4-bbe1-
01aa75ed71a1.0001.03/DOC_1&format=PDF  

3 https://setis.ec.europa.eu/system/files/Towards%20an%20Integrated%20Roadmap_0.pdf  
4
 http://www.snetp.eu/wp-content/uploads/2014/05/sria2013_web.pdf 

5
 http://www.snetp.eu/wp-content/uploads/2016/01/SNETP-DEPLOYMENT-STRATEGY-2015-WEB.pdf 

6
 See Technology Roadmap of the Generation IV International Forum: https://www.gen-
4.org/gif/upload/docs/application/pdf/2014-03/gif-tru2014.pdf  

http://www.eera-jpnm.eu/?q=jpnm&sq=nboard
http://eur-lex.europa.eu/resource.html?uri=cellar:1bd46c90-bdd4-11e4-bbe1-01aa75ed71a1.0001.03/DOC_1&format=PDF
http://eur-lex.europa.eu/resource.html?uri=cellar:1bd46c90-bdd4-11e4-bbe1-01aa75ed71a1.0001.03/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
http://www.snetp.eu/wp-content/uploads/2016/01/SNETP-DEPLOYMENT-STRATEGY-2015-WEB.pdf
https://www.gen-4.org/gif/upload/docs/application/pdf/2014-03/gif-tru2014.pdf
https://www.gen-4.org/gif/upload/docs/application/pdf/2014-03/gif-tru2014.pdf
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¶ The NUclear GENeration II and III Association (NUGENIA): since its launching in March 
2012, this is an international association mandated by SNETP, whose main role is to 
develop R&D supporting safe, reliable, and competitive second (present) and third 
generation nuclear systems.  

 

¶ The European Sustainable Nuclear Industrial Initiative (ESNII): officially launched in 
November 2010 under the SET Plan, ESNII promotes advanced fast reactors with the 
objective of resource preservation and minimisation of the burden of radioactive waste.  

 

¶ The Nuclear Cogeneration Industrial Initiative (NC2I): it aims at demonstrating an 
innovative and competitive energy solution for the low-carbon cogeneration of process 
heat and electricity based on nuclear energy.  

 
The vision of SNETP is that the 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 safety standards and sustainability, by following two overlapping 
phases: 
 

¶ Safe extended operation of existing GenII/III nuclear power plants (long-term operation, 
LTO), including new builds and the construction of GenIV prototypes; 
 

¶ Subsequent deployment of GenIV fission 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.7 
 

GenIV systems may be commercially deployed around the middle of this century. Four GenIV 
fast reactor prototypes and demonstrators are being studied in Europe, with different 
maturity levels, as well as a high temperature reactor (HTR) for cogeneration demonstration.  
 
The sodium fast reactors (SFR) is the most mature technology, lead cooled fast reactors (LFR) 
are considered the next technology and present advantages in terms of passive safety and 
potential modularity, while gas cooled fast reactors (GFR) are a somewhat longer term 
alternative that opens the way to even higher temperature and therefore efficiency. The 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 
demonstration of accelerator-driven systems (ADS) for waste minimization, whose features 
are strongly related to 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 construction milestones are currently expected as follows, provided that appropriate 
financing is secured: 
 

¶ ASTRID and MYRRHA 2020-20258 

¶ ALFRED: 2025-2030 

¶ ALLEGRO: beyond 2035 
 

                                                           
7
 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. 
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In addition to fast reactor concepts, GenIV includes also thermal reactor concepts which aim 
at specific targets, namely: supercritical water reactors (SCWR) as an advanced upgrade of 
existing LWRs; (very) high temperature gas cooled reactor ((V)HTR/HTGR) 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 at MS level, in an only partially coordinated way. Currently the 
SCWR is being included in the NUGENIA portfolio as a type of advanced LWR, while the 
HTGR system in cogeneration mode is the reference for NC2I and a demonstrator is 
envisaged beyond 2025. The MSR is 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, GenIV reactors should not be decoupled from the relevant fuel cycle facilities, 
enabling the 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 come. For 
these reasons, one should talk of GenIV systems, and not simply GenIV (fast) reactors. 
 
The ESNII roadmap, taken from the SNETP DS (2015), is summarised in Table 1. 
 
Table 1: Summary of ESNII Roadmap concerning GenIV demonstrators and relevant fuel 
facilities (from SNETP DS 2015). 

 
 

1.2 Materials for sustainable nuclear energy 

As described above, sustainable (GenIV) 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 systems create more usable fuel than they burn and therefore, coupled to 
fuel recycling facilities, they can guarantee energy production for several centuries. 
However, for neutron-balance reasons this implies using non-aqueous coolants, such as 
liquid metals or gas, and 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 
actinides are recycled. Moreover, to be more efficient, these reactors are expected to work 
at (much) higher temperature than the current ones and are expected to be designed for 60 
years of lifetime. Hence, materials in GenIV 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. These are very 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 GenIV reactors a reality. The safety and the feasibility of GenIV nuclear 
system concepts and their optimization will depend crucially on the capability of the 
chosen materials to withstand the expected operating conditions. Materials capable of 
withstanding extreme conditions characterised by high temperature, prolonged irradiation, 
and chemically aggressive environments, must therefore be selected or developed, properly 
qualified, and their behaviour in operation fully understood. Some of these GenIV material 
conditions overlap with current or envisaged GenII/III nuclear system conditions or with 
fusion, as well as with non-nuclear high energy efficiency systems. 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 the European Energy Research Alliance.  

2. Scope, objectives, challenges and priorities 

2.1 JPNM Scope 

The EERA JPNM was launched in 2010 at the same time as ESNII, with the goal that the EERA 
JPNM should provide the R&D for materials needed for the development and 
implementation of fast reactors in Europe, as defined by ESNII. Currently, this is the main 
reason of existence of the JPNM in EERA.  

However, the scope and goals of the JPNM go also beyond this. 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 applications and to bridging with the 
industrial initiatives via, mainly, pre-normative research. The SNETP recognises the 
importance of basic technology developments, because (quoting from the DS 2015) they 
"open routes for the identification of common trunks for Gen II, III, IV and cogeneration 
application, notably in areas such as: 
- Material behaviour for structural components and fuel 
- Structural integrity of systems and components 
- Manufacturing & assembly technology 
- Instrumentation & control, online/onsite monitoring and diagnosis 
- I&C - digital system - cyber-security" 
Thus, basic research 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 that "the interface with EERA/JPNM 
should be reinforced for the development of new and innovative materials". The MoU 



12 
 

between EERA JPNM and SNETP concretises this intention extending the collaboration to 
enhance synergy not only with ESNII, but also with the other SNETP pillars, namely 
NUGENIA and NC2I.  
 
Furthermore, several issues faced by materials for fission reactors are in fact common to 
fusion systems as well; therefore it is also possible to find cross-cutting topics with this 
other, longer-term form of nuclear energy. 
 
Finally, it is clear that materials with superior properties in terms of high temperature and 
corrosion resistance, as well as the qualification and design codification 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 particular, within EERA the JPNM finds 
natural grounds for collaboration with JP AMPEA (Advanced Materials and Processes for 
Energy Applications) and with other JPs targeting for example high temperature operation 
in environmentally harsh environments, such as solar thermal energy and geothermal. 

2.2 Objectives and challenges 

The objective of the EERA JP on Nuclear Materials is to improve safety and sustainability of 
nuclear energy by focusing on materials aspects. This has two implications:  

1. Better knowledge of materials behaviour under 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 of innovative materials with superior capabilities, either through suitable 
processing methods applied to existing materials or adoption or new types of materials, 
in terms of resistance to high temperature, irradiation and aggressive environments.  

While the focus of the JPNM research is in connection with the ESNII systems, it strives ς as 
said - to address cross-cutting scientific and technological issues, potentially useful also for 
all reactor systems of all three SNETP pillars. The technical annexes of the MoU with SNETP 
are meant exactly to identify these cross-cutting 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 scope and objectives, three 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 long-term behaviour, screening, selection and 
qualification, as well as development of design rules; 

2. Development of advanced models to rationalise materials behaviour, support the 
elaboration of design rules and provide 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, high-temperatures and aggressive 
environment. 
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The three grand challenges correspondingly 
identified are 

- Grand Challenge 1: Elaboration of design 
rules, assessment and test procedures for 
the expected operating conditions and the 
structural and fuel materials envisaged.  
This involves deployment of 
infrastructures for exposure 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 high-level understanding and predictive capability: an essential asset, given the 
scarcity of experimental data and the difficulty and cost of obtaining them. 

- Grand Challenge 3: Development of innovative structural and fuel materials with 
superior thermo-mechanical properties and radiation-resistance or, in general, of 
nuclear-relevance, in partnership with industry. 

 
Addressing these Grand Challenges requires a concerted action at European level involving 
research communities and industrial partners. In this context, the JP provides the framework 
within which several national and European projects, that involve research organisations but 
also industries and address the above objectives and challenges, are launched in a 
coordinated way, avoiding duplications, ensuring focus and prioritization and contributing to 
the alignment of national programmes towards a single, collectively planned, pan-European 
integrated joint research 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 

Consistently with the JPNM SRA, the following general priorities in terms of gaps to be 
covered can be identified:9 
 

GenII/III  
Priority 1: Long term operation: (1) collect data from surveillance and decommissioning 
corresponding to EOL fluence; (2) develop suitable models rooted in physics in support of 
improved dose-damage correlations and integrity assessment standards. Action (1) involves 
necessarily the utilities, represented in NUGENIA. Action (2) may actually be addressed as 
cross-cutting through GenII/III/IV and even fusion (low temperature radiation embrittlement 
of steels affects all nuclear systems, including water-cooled DEMO), therefore involving 
NUGENIA, EERA JPNM and even EUROfusion. 
Priority 2: Accident tolerant fuel, i.e. development and qualification of high-temperature 
resistant materials for cladding for GenII/III reactors. Main issues are standardization, 
joining, and qualification in environment. These are transversally of interest also for GenIV 
systems like GFR and VHTR/HTGR, thus this are cross-cutting issues to be addressed jointly 
by NUGENIA and EERA JPNM. 

 
 
                                                           
9
 More detailed issues are to be found defined in the technical annexes to the MoU with SNETP. 

 

Figure 1 - The research strategy pillars of 

EERA JPNM 
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GenIV 
Priorities depending on the system: 
Sodium fast reactor: the priority is 60 yrs lifetime design. This requires production, 
collection and assessment of data representative of long-term operation at high 
temperature and the development of methods/models to extrapolate laboratory data to 
operational conditions, translating this into design codes. In the long run this effort will be 
ǳǎŜŦǳƭ ŀƭǎƻ ŦƻǊ ƻǘƘŜǊ DŜƴL± ǎȅǎǘŜƳǎ όƭŜŀŘΣ ƎŀǎΣ ΧύΣ ƎƛǾŜƴ ǘƘŀǘ ǘƘŜȅ ŀƭƭ ǳǎŜ w// awȄ ŀǎ ŘŜǎƛƎƴ 
code. It involves EERA JPNM and ESNII, but some topics will interest NUGENIA, too. 
 
Lead fast reactor and systems using heavy liquid metals (Myrrha): the priority is 
compatibility between steels and the coolant, qualification of materials with respect to 
corrosion/erosion/dissolution and identification of mitigation strategies (e.g. surface 
engineering). It involves mainly EERA JPNM in support of ESNII. Similar problems are of 
concern also for fusion, for certain tritium breeding blanket designs, thus EUROfusion could 
be involved as well.  
 
Gas fast reactor and very high temperature reactor: These systems target high temperature 
and need refractory materials for which standards and design codes, as well as joining, 
need to be defined. The priority is therefore the design and development of nuclear grade 
materials compatible with HT gas coolant, including issues like presence of gas impurities, HT 
corrosion/erosion, HT strength issues, HT design methodology, and irradiation. These 
materials and the relevant standardization and codification can be of use also for accident-
tolerant fuel (see above). Thus on these issues EERA JPNM and NUGENIA have 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, are of use for advanced fossil fuel fired 
plants. 
 
GenIV Fuel: 
The start-up core of all prototypes will be MOX in austenitic cladding, but new geometries, 
different operating conditions, etc. require significant efforts for licensing and eventually the 
need for higher burnup cladding, minor actinide bearing fuel, ceramic pins or plates using 
U/Pu carbides/nitrides etc. will require dedicated research. 
 

Cross-cutting with fusion : 

Ferritic/martensitic steels are inherently irradiation resistant, are the materials of choice for 
fusion and will be the materials of future truly GenIV systems, but need to be improved in 
terms of high temperature resistance (creep strength) and also compatibility with coolants 
(surface engineering). Improvements should be achieved also in connection with low 
temperature embrittlement (see GenII/III). Working hands-in-hands with steel producers, 
possibly looking at a wider market than just nuclear, is here essential for success. 
 
Cross-cutting with other energy technologies : 

Via interaction with, in particular, JP AMPEA, as well as other EERA JPs, taking advantage of 
workshops jointly organised by JP NM and AMPEA in EERA, the following categories of 
materials problems have been identified as common to nuclear and other energy 
technologies (mainly solar thermal energy, but also geothermal, off-shore wind, ocean, and, 
outside EERA, ŎƭŜŀƴ ŦƻǎǎƛƭΣ ΧύΥ 

¶ High temperature and thermal cycling mechanical performance of steels; 

¶ Development of advanced steels for high temperature applications; 
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¶ Behaviour of materials in aggressive environments (from salt water to molten salts and 
liquid metals or gases): erosion/corrosion problems; 

¶ Design codes for mechanical components (both austenitic and ferritic/martensitic 
steels); 

¶ Use and development of ceramics, refractory materials and composites for very high 
temperature applications (HT corrosion/erosion and HT strength issues). 

Importantly, the development of steels improved for high temperature and corrosion is 
mentioned also in the ESTEP (European Steel TEchnology Platform) SRA for advanced fossil 
fuel fired plants. 

In addition, some approaches are common to several applications for energy materials, 
namely: combination of advanced experimental characterization with multiscale modelling 
to address the problem of understanding ageing and degradation mechanisms and identify 
mitigation strategies; characterization of energy materials and devices using large scale 
facilities, as well as in situ and operando techniques; rational design 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 (especially with fast neutrons) it becomes almost imperative to consider facilities 
outside Europe. To make the most rational use possible of available facilities and join forces 
in terms of bearing costs, a permanent joint forum involving EERA JPNM and SNETP pillars, 
and possibly also fusion, should be created. This forum should agree upon irradiation needs 
and design joint campaigns, making 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, Fig. 2, extracted from the SNETP DS, provides the best assessment that 
can be currently given. Two messages are important to 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 research humus on 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 GenIV prototypes, the 
research on materials needs to provide sufficient data for qualification 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 actually very short 
and, to be met, requires the deployment, 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 2016-2020.10 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 in order to prepare incrementally the materials solutions that will be applied in 
commercial reactors. 
 

 
 

Figure 2 - Schedule for fission energy R&D needs (from SNETP DS 2015). 
 

3. Subprogramme structure and content 

The EERA JPNM is currently structured in six sub-programmes, 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 research that 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 subprogrammes function by making use of three possible instruments of 
implementation, namely: 
 

¶ Joint Technical Teams (JTT): These correspond to the scientific community involved in 
each SP, that meets regularly (at least annually) in targeted workshops or other 
meetings to monitor and share results and discuss collaboration. JTTs 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. 
 

¶ Task Forces (TF): These are groups of experts specifically appointed to provide specific 
answers to questions that can be of scientific/technical nature or of 
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coordination/funding instrument kind, and 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. 

¶ Pilot Projects (PP): These are small projects (~2-3 aϵ ƳŀȄΦ of value) focused on precise 
topics that result from the convergence of research interests and lines of several 
organisations from different MS. The typical duration is expected to be 3-4 years. 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 the present DoW. 

 
In the following paragraphs the research themes in terms of key strategic goals and activities 
for the six sub-programmes are summarily described. A more detailed description including 
work-packages, tasks, milestones and deliverables, as well as timeline is provided in the 
sub-programme descriptions of work (SP-DoW). 
 
 

 
Figure 3 ς Subprogramme structure of the JPNM 

 
 

3.1  SP1: Materials for ESNII demonstrators and prototypes 

The objective of this sub-programme is to support the development and provide the 
underpinning research on structural and cladding materials issues for the design, licensing 
and finally construction, in the next decade or two, of the ESNII reactor systems: ASTRID, 
MYRRHA, ALFRED and ALLEGRO. These systems will rely on commercially available materials 
such as austenitic steels, ferritic/martensitic steels and Ni-based alloys, that need to be 
qualified for the extreme conditions expected in fast reactors and a 60 years design lifetime. 
In particular, these materials and their welds need to be qualified for the higher temperature 
and irradiation levels and more corrosive environments than in current reactors, employing 
suitable test procedures that need to be extended/developed and standardized for 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 
coatings and modified surface layers, need to be qualified as protection against corrosion 
and erosion, especially for heavy liquid metal (HLM) cooled systems (ALFRED and MYRRHA, 
the latter using lead-bismuth eutectic, LBE). A pre normative R&D programme for structural 
and clad materials has been accordingly initiated, including assessment of protective 
coatings. The underpinning research is based on key issues identified jointly by ESNII and 
EERA JPNM representatives. The Joint programme also promotes development of common 
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approaches and standards for components and materials, which is beneficial for maximum 
safety and overall cost optimization. 
 
A number of activities started in 2011, mainly as part of the FP7/MATTER project, that 
ended in October 2014. The major conclusions of that project with respect to the ESNII 
reactors have been documented11 and set the background for the activities that are running 
still now. The research activities were separated into two domains: 
¶ The first one was the development of screening test procedures, with special emphasis 

on slow strain tests, small punch tests and micro/nano indentation tests and 
development of test procedures for fracture toughness in lead-bismuth environment, 
liquid metal corrosion and creep testing of thin-walled components.  

¶ The second main area was design rules, in particular RCC-MRx, that need to 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 this end, targeted 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 
key issues needed for SFR and LFR and in view of the 60 years design-life; (iii) update of 
design and manufacturing procedures for welds (austenitic as well as F/M steels), taking 
into account the most recent state-of-the-art knowledge and guidelines for design rules. 
The proposals will be evaluated by the RCC-MRx committees, and then first published as 
probationary rules. 

 
In addition to the activities in MATTER, in 2012 four PP were prepared and launched: 
¶ Creep-fatigue of F/M and austenitic steels with emphasis on cyclic softening for P91 and 

crack propagation (ILAM-CF);   
¶ Functional coatings and modified surface layers (SAFE-COAT);  
¶ Fuel-cladding interaction for Advanced Nuclear Systems (FCI-ANS);  
¶ Investigation of Environment Assisted Degradation of materials in liquid lead alloys 

(IEAD-LL).  
 
A fifth one was prepared in 2013: 
¶ Testing and ASsessment methodologies for assessment of mechanical tests and material 

characterization of 15-15Ti thin-walled cladding TubEs (TASTE). A continuation of TASTE 
is planned with emphasis on testing in hot cells. 

 
Except TASTE, the 2012 PP entered the WP5 of the still ongoing FP7/MatISSE project, the 
second part of which enters the present DoW.  
 
Of the 23 Pilot Projects approved in 2015 within a more structured reviewing scheme than 
in the past, three are exclusively linked to SP1, namely:  

¶ WELLMET (Charcterization of liquid metal embrittlement of welded components in 
heavy-liquid metal);  

¶ CERBERUS (Corrosion and ERosion BEhaviouR of components in heavy-liqUid metalS) 
and  

¶ RESTRESS (measurement, calculation and mitigation of REsidual STRESses in welded 
components) 

Six more are transversal between SP1 and one or two other SPs, namely:  

                                                           
11

 MATTER deliverable D9.1 "The relevance of the MATTER results for the design of the ESNII 
reactors", http://www.eera-jpnm.eu/?q=jpnm&sq=nboard.  

http://www.eera-jpnm.eu/?q=jpnm&sq=nboard
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¶ NINA (development and application of nano-indentation), transversal to SP2 and SP4 as 
well; 

¶ ALCORE (ALumina forming steels and modified surface layers for lead-COoled fast 
REactors), SP2 transversal to SP1;  

¶ FRACTO, (FRACTure mechanics testing of ferritic/martensitic and ODS steels), SP2 
transversal to SP1; 

¶ SLIPLOC (multiscale modelling of SLIP LOCalisation under irradiation), SP4 transversal to 
SP1; 

¶ MOLECOS (MOdelling of heavy-Liquid mEtal COrrosion of Steels), SP4 transversal to SP1; 

¶ MOSEL (MOdelling Steel Embrittlement by heavy Liquid metals) , SP4 transversal to SP1.  
 
These PP constitute the bulk of the joint work in SP1 (as well as other SPs) for the coming 
years and therefore enter this DoW. 
 
In addition, the development of a methodology for a 60 years operational life has been also 
highlighted as a key area for future work and has therefore been the subject of a TF that 
worked from September 2015 until June 2016. This work area needs to rely on data 
representative for long-term operation. An important part is sharing long-term experimental 
data and experience from the reactor operators. Discussion was needed on how to share 
information that may be limited by propriety rights. Moreover 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 to long-term operational conditions. The associated 
modelling ranges from mechanistic models of the degradation mechanisms to engineering 
models. Given the overall complexity it was not possible to formulate a PP in 2015. The TF 
has prepared a research plan that should then be implemented by EERA JPNM in close 
collaboration with the industrial partners, and 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 nuclear reactor is the cladding, i.e. the 
tube that contains the fuel pellets, forming with them the fuel pin, which is the building 
block of the fuel assembly (or fuel element) of the reactor core. The cladding material - 
which fulfils the crucial function of acting as a barrier against the release of radioactive 
substances from the fuel - receives 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 qualification is 
focused on the cladding material. Moreover, not only operating conditions should be taken 
into account for the cladding material selection: the fabrication procedures 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 cladding must be dissolvable and this 
requirement may constrain the 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, at the higher 
temperatures foreseen for GenIV systems, thus other materials need to be used in such 
reactors. Austenitic stainless steels are good candidates for cladding in fast reactors and are 
going to be used in all ESNII prototypes, at least in the first phase of their operation, mainly 
because of the existence of sufficient return of experience from SFR that operated in the 
past, especially in France, which makes licensing somewhat easier and faster. These are the 
materials addressed in SP1 for specific qualification, especially in the case of systems 
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different from SFR. However, their use is limited to relatively low burn-up (~ 80 dpa), due to 
their poor resistance to radiation-induced swelling. Even by developing advanced austenitic 
steels, which anyway need to be qualified, it is not expected that a dose of 120 dpa can be 
exceeded. High burnup is, however, an essential feature of truly GenIV reactors, thus valid 
alternatives should be found for commercial reactors. Ferritic/martensitic (F/M) steels are 
much more resistant to swelling, allowing higher burn-up, well in excess of 150 dpa. 
However, their use is limited by their lower creep resistance at 600-700 °C, as well as by the 
susceptibility to low temperature (~300°C) embrittlement (the same type of problem that 
affects reactor pressure vessel steels in current, GenII/III, NPPs). In addition, these steels are 
affected by susceptibility to liquid metal embrittlement (LME) - a specific type of 
embrittlement that depends on the coupling between solid and liquid metal - which ruled 
out the use of F/M steels in HLM-cooled reactors, in the absence for the moment of a fully 
reliable mitigation strategy. 
 
One of the most effective ways for improving the creep properties of a material is to 
uniformly distribute fine precipitates with long-term stability at elevated temperatures in 
the microstructure. Improvements on the high temperature strength of F/M steel can 
therefore be achieved, while maintaining their high swelling resistance, in two ways: 
 
1. With the use of oxide dispersion strengthened (ODS) alloys, in which Y-Ti-O 

nanoparticles are dispersed in a nano-grained microstructure, using (so far) powder 
metallurgy based techniques. This is currently the option to achieve high burn-up values 
in the European SFR programme (ASTRID) and is therefore the most studied. Yet, this 
solution still suffers from many drawbacks and requires the identification of proper 
process control to ensure not only uniform distribution of dispersoids but 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 properties, such as 
fracture toughness, are satisfactory. Importantly, ODS industrial production is currently 
almost non-existent, especially in Europe, and this is a serious drawback for this class of 
materials to become marketable. 
 

2. By dispersion of fine MX carbonitrides, usually VN and Nb(C,N). 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 their stability and ensure 
high density and small size adequate compositional tunings, combined with suitable 
thermomechanical treatments, are needed. This route led to the development of creep 
strength enhanced ferritic/martensitic (CSEF/M) steels for 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 reasons. Therefore, specific R&D is 
required. This route, though currently less mature than ODS, has the advantage of being 
much eventually easier to upscale to industrial production. 

 
The objective of this SP is to pursue these two routes to develop HT (up to 700°C) resistant 
steels suitable as, in particular, cladding materials. In addition, advanced steels with 
modified composition are also being considered to improve corrosion/erosion resistance, 
and possibly even against LME, via addition of aluminium. Alumina forming alloys (AFA), 
including FeCrAl-ODS versions, combine a good HT creep strength with superior HT corrosion 
resistance by forming a self-healing protective alumina (aluminium oxide, Al2O3) surface 
layers. The potential use of these new alloys as Gen IV cladding material is going to be 
explored within this SP with the main purpose of reducing the risk of liquid metal 
embrittlement in contact with liquid lead alloys. AFA are considered also as potentially new 
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accident tolerant fuel cladding materials in Gen II/III reactors programmes due to their 
excellent oxidation resistance in steam. Austenitic alloys are being studied for the 
prototypes, especially HLM-cooled, but F/M AFA can be considered as well. 
 
The past activities of this SP are, basically, those related to ODS alloys within FP7/GETMAT 
(ended October 2013) and FP7/MATTER (ended October 2014). Moreover, some activities 
continue within the WP4 of the ongoing FP7/MatISSE project (started 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 with ODS steels as cladding material in fast 
reactors address the following priorities: 
¶ Improvement of production routes, including: reduction in cost, good reproducibility of 

heats, exploration of conventional and innovative production techniques. The 
involvement of industrial partners in this topic is of crucial importance. 

¶ Deep analysis of deformation mechanisms (brittle and high temperature) and fracture, 
including testing of pressurized tubes.  

¶ 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 MatISSE, more than 20 national projects on ODS have been or are still ongoing 
in Europe, at least within the JPNM community. The overall national funding since 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 are de facto already aligned into European programmes. In addition strong links 
with fusion materials were identified, even though now Eurofusion is giving less priority to 
ODS. This strong national involvement in ODS research ensures that this line will certainly 
continue and can rely maybe more strongly than others on MS support. 
 
On the other hand, the improvement of creep strength of F/M steels via optimization of 
chemical composition and/or thermo-mechanical treatments could open the door to a 
wider range of industrial partners, since these Creep-Strength-Enhanced (CSE) F/M steels are 
produced by conventional metallurgy processes. Priorities in this area are: 
¶ Optimization of composition and treatments to obtain a microstructure that balances the 

improvement of creep and minimal loss of toughness. 
¶ Verification of the microstructural stability under deformation, high temperature and 

irradiation. 
¶ Welding and post-weld heat treatment, needed to recover martensitic structure and/or 

eliminate internal stresses.. 

These two new alloy families incorporated now in SP2 bear the promise to find space also 
for international cooperation, given that research of this type is also pursued in the US, 
Japan, Korea, and elsewhere in the world. It also provides a good opportunity to involve 
industrial steel-makers in Europe and to interact with other nuclear and non-nuclear 
communities. Specifically, the incorporation of AFA in this SP also allows the interaction with 
GenII/III in ATF activities, as well as with the development of new materials operating in 
aggressive environments (petrochemical and chemical industry) 

Consistently with the above, the PP proposed in SP2 in 2015 include ODS activities but also 
activities on new types of advanced steels: 
¶ Thermal and irradiation stability of ODS model alloys will be studied in PROMETEUS; 
¶ new fabrication routes for ODS alloys will be explored within AFROS 
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¶ the deformation and fracture behaviour of ODS alloys will be characterised within 
FRACTO.  

In addition, steels with enhanced properties at high temperature or better corrosion 
resistance will be produced with the support of computational materials engineering tools 
and characterized within: 
¶  CREMAR (enhanced F/M steels) 
¶ ALCORE (alumina-forming alloys) 
 
Despite the good health enjoyed by this SP, it is expected that its research will benefit from 
the identification of uses for ODS, and in general creep-resistant steels, in other nuclear and 
non-nuclear energy technologies, in particular to raise the interest of steel-makers in terms 
of promise of a market. Therefore, work on the identification of cross-cutting issues is very 
important for this SP. 

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

GFRs target maximum operation temperatures of 1000°C, especially for the cladding where, 
in off-normal conditions, the temperature reached may even be much higher. In this range, 
"traditional" metallic materials, in particular steels, even if developed for high temperature 
resistance, are likely to fail.12 Refractory metals such as Mo, W, or V are a priori possibilities, 
however they are generally brittle and, of all, only V-alloys have been seriously explored in 
the past as potential cladding and in-core component fission reactor materials. V-4Cr-4Ti 
alloys exhibit indeed low swelling, better creep resistance than 316, good mechanical 
properties up to 700-750°C, that are maintained under irradiation. Moreover, the low 
activation of this element made it a potential candidate for fusion applications, as well.13 
However, no activities on these materials have been proposed within the JPNM and the 
interest in Europe and elsewhere has decreased significantly.   
Ceramic materials are known to be inherently wear resistant and thus much less prone to 
erosion and corrosion than metals. Ceramics such as SiC are also virtually unaffected by 
temperature, even well beyond 1000°C, and do not suffer from significant activation under 
neutron irradiation. SiC also exhibits good radiation resistance, in terms of limited swelling 
(especially below 1000°C, so long as He production by transmutation remains limited). 
However, ceramics are inherently very brittle materials, so they cannot be used for 
structural functions in monolithic form. Yet, composite ceramics like SiCf/SiC (SiC fiber-
reinforced SiC matrix) exhibit a pseudo-ductile mechanical behaviour that makes them 
suitable to some extent for structural functions. SiC has been used in the nuclear industry in 
early HTR, so its behaviour under irradiation has been long studied and SiCf/SiC has been, 
and partly still is, considered as a "dream material" for fusion applications. At the moment it 
has been abandoned as priority, as it is regarded as a very long term solution; yet, a fair 
amount of work in nuclear environment has been done on this material in the relatively 
recent past, specifically for fusion applications. Commercial versions of SiCf/SiC exist and are 
typically used for high temperature components in the aerospace sector, where recently this 
material has been receiving increased attention, especially with a view to standardizing its 
qualification and introducing it in design codes. 
 
                                                           
12

 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. 

13
 Mo is one of the possibilities considered for accident-tolerant fuel (i.e. cladding) in GenII/III 
reactors, although probably only as a surface layer; W is the only candidate material for use in the 
divertor of magnetic fusion devices, i.e. the component that is in close contact with the hot (million 
degrees) plasma where fusion reactions occur. 
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Because of all these promising properties and background of use, SiCf/SiC is also the main 
candidate material for GFR cladding, even for ALLEGRO, although in its second phase only. 14 
However, for its use as a cladding material, this material must be demonstrated to have 
good mechanical properties, leak-tightness and sufficient heat exchange capability between 
fuel and coolant. Recently, a cladding tube design that includes a leak-tight refractory 
metallic liner has been developed by CEA. The metallic liner is meant to mitigate one of the 
shortcomings of SiCf/SiC and ceramics in general, i.e. their porosity, which is exacerbated by 
the composite fibre structure and leads to potential leakage of fission gases through the 
clad. This newly developed, potentially leak-tight SiCf/SiC cladding tube is now the subject of 
testing and characterization under GFR-relevant conditions within the FP7/MatISSE project, 
started in November 2013, which is essentially the starting date of the SP3 activities. The 
conditions addressed include the compatibility with He (containing impurities), which is the 
coolant chosen for the GFR. A complete evaluation of the behaviour of SiCf/SiC composites in 
GFR representative environment should 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 HT mechanical tests should include basic tests for 
design purpose, such as tensile, fracture toughness etc. Ideally, time-dependent properties 
like resistance to creep and creep-fatigue interaction should be addressed. Further 
investigations should concern mechanical behaviour under irradiation. Part of these 
activities are being performed in MatISSE on SiCf/SiC, covering the following aspects: 
ǒ Study of compatibility of SiCf/SiC clad with internal metallic liner with He with predefined 

levels of purity. Eventually, corrosion/erosion data on SiCf/SiC complementing those 
already available from the literature will be produced. 

ǒ Dedicated experimental set-ups for leak tightness and thermal properties assessments 
up to 1000°C on SiCf/SiC clad prototype geometry. 

 
However, these activities do not exhaust the research needs concerning SiCf/SiC. The joining 
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 manner is crucial in order to meet the nuclear 
licensing authority requirements, allowing timely approval of composite-based core-
component designs.  
 
Consistently, the two PP on SiCf/SiC proposed in 2015 are: 
ǒ JOISIC, devoted to SiCf/SiC joining technology development for hermetically sealing clads 

at both ends.  
ǒ PRESAGe, devoted to the standardization of testing on ceramic components for nuclear 

applications 
 
To complete the picture, another issue that concerns SiCf/SiC is its cost. In this respect, the 
exploration of alternative fabrication routes to chemical vapour infiltration would most 
likely benefit the marketability of this material. Similarly to the case of ODS, such an issue 
should be crucially addressed in synergy with industrial partners. 
 
In addition to SiCf/SiC, this SP includes also activities on so-called Max phases. These are a 
class of ceramics discovered in the last decade of the last century constituted by layered, 
hexagonal carbides and nitrides that have the general formula: Mn+1AXn, (MAX), where n = 1 

                                                           
14

 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 an A-group (mostly IIIA and IVA, or groups 13 and 14) 
element and X is either carbon and/or nitrogen. These materials offer, for ceramics, very 
good ductility, combined with high resistance to erosion/corrosion, relatively good 
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 HLM-cooled 
systems, where the temperatures are not excessively high (for a ceramic material), but 
corrosion, erosion, and also dissolution and embrittlement (in F/M) of cladding steels are the 
technological bottleneck. Moreover, this class of materials is being considered for the pump 
impeller of MYRRHA, because of the high strength and hardness and good compatibility with 
lead, accompanied by reasonable ductility. A lot of R&D is still ahead, however, before 
these materials can be seriously considered for the design of reactor components. In 
particular, the most suitable material out of a very wide class needs to be identified, 
fabricated, and tested after exposure to relevant environments. At the moment, activities of 
this type on these materials are included in one task of the FP7/MatISSE project. It is also 
likely that the practical solution will 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, specifically V-alloys, remain currently on the 
list of potential interests for this SP, however, as mentioned, there is no ongoing research 
activity devoted to them. Recently, the development of ceramic coatings as barrier against 
erosion/corrosion of metallic substrates has been also added to list of topics addressed 
within this SP: an activity that is actually very much cross-cutting with SP1 and may belong to 
one or the other SP depending on the level of maturity that the specific coating technology 
has reached. Consistently, a PP, STAR-TREC, has been proposed in 2015, to deal with 
developing and testing alumina nano-coatings on different metallic substrates. 
 
This SP suffers currently from the generally low level of funding devoted Europe-wide to 
ceramic materials for structural functions, in particular to SiCf/SiC (with the notable 
exception of FP7/MatISSE, of course). Recently, after the Fukushima accident, the need for 
high temperature resistant cladding (accident-tolerant fuel) has become an important 
priority for GenII/III nuclear power plants, so it is hoped that the corresponding revival of 
this material in this framework may allow also GenIV activities to continue. This material is 
also considered promising for solar thermal energy, as well as for specific uses in turbines for 
aircrafts. For the latter reason, SiC/SiC research is being currently eagerly pursued in the US. 
This shows, therefore, the crucial importance of the identification of cross-cutting issues 
with other nuclear and non-nuclear technologies for the activities of this SP. For this 
purpose, a task force is intended to be set up, aimed at drawing a research roadmap for, 
specifically, SiC/SiC, that should be cross-cutting through different technologies, with the 
intention of raising attention and funds towards this promising material. 

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

Experiments on materials under conditions of relevance for fast reactors, such as those 
foreseen in SP1, SP2 and SP3, can be long, expensive and subjected to severe and strict 
safety constraints, especially when neutron irradiation is involved. Materials cannot in any 
case be subjected to all possible conditions potentially encountered when in service, 
particularly if synergetic effects need to be considered. Therefore, it is desirable that the 
experimental matrices for the qualification of materials should be based on a physical and 
mechanistic understanding, in order to optimise both the time and the financial frames, as 
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well as the relevance of the experimental results obtained. Moreover, extrapolations from 
the experimental results with purely empirical correlations have a high risk of being 
unreliable. Extrapolations become acceptable, however, and overall the correlations used 
become more reliable, if guided by a background of understanding of the physical 
mechanisms that drive the response of materials at the different scales to the conditions 
they are subjected to. Such a background of physical and mechanistic understanding also 
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 fabrication can be devised.  
 
Achieving this capability, however, requires a continuous effort in the direction of examining 
materials after exposure beyond 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 situation because of the 
different length scales concerned and because of the different features to which each 
technique is sensitive. For a better physical understanding, moreover, the examination of 
model materials and the design of experiments aimed at discriminating between acting 
mechanisms is very helpful: these are the so-called modelling-oriented, or separate effect, 
experiments. Specifically for the study of irradiation effects, ion irradiation is a very suitable 
tool in this framework. As an important complement, computer simulation tools are 
nowadays available that allow complex physical processes to be modelled in great detail, 
providing a basis for the quantitative interpretation of the experimental observations, going 
in some cases also beyond what experiments can see. Tools of this type (e.g. kinetic Monte 
Carlo methods) can be used to test the relevance of different possible acting mechanisms 
that determine microstructural and microchemical changes, by simulating an experiment 
under different hypotheses, or by simulating separately the effect of mechanisms that 
cannot be experimentally disjointed. The parameters needed for the simulation, which are 
often not accessible to experimental measurement, are nowadays more and more often 
calculated using more fundamental models and simulation tools, at the atomic level 
(electronic structure calculations using density functional theory, molecular dynamics 
ŎŀƭŎǳƭŀǘƛƻƴǎ ǳǎƛƴƎ ƛƴǘŜǊŀǘƻƳƛŎ ǇƻǘŜƴǘƛŀƭǎΣ Χύ. Similarly, tools exist that allow the plastic 
mechanical behaviour of materials to be simulated (dislocation dynamics for single crystals, 
ŎǊȅǎǘŀƭ ǇƭŀǎǘƛŎƛǘȅ ŦƻǊ ǇƻƭȅŎǊȅǎǘŀƭǎΣ Χύ, that are also parameterised based on atomistic 
calculations. This approach, therefore, combines information that comes from different 
scales and integrates it into a single simulation tool, or a chain of them: it is the so-called 
multiscale modelling approach, nowadays known also as integrated computational materials 
engineering. This approach reduces the number of parameters that need to be fitted, 
asymptotically aiming at eliminating the need to fit to experiments, although getting closer 
to this goal requires the elaboration of ever more refined models and simulation tools, the 
development of which is in the end justified by a cost-benefit analysis. It is, clearly, a 
continuous process of parameter refinement and of development of more sophisticated 
algorithms or more comprehensive models that has more and more spin-offs of practical 
use.  
 
The overall objective of this SP is thus to develop physical models and corresponding 
computational tools in support of 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 processes of relevance for materials fabrication and treatment, 
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in synergy with advanced microstructural characterization and by performing modelling-
oriented experiments.  
 
The models should eventually serve several purposes: 
 
¶ Optimisation of experimental matrices for materials screening, characterisation and 

qualification; 
¶ Elaboration of mechanistic correlations in support of design rules and materials 

codification; 
¶ Identification of mitigation strategies; 
¶ Optimisation of materials fabrication routes. 
 
This SP is expected to be transversal to the previous three on structural materials. In 
several cases it may be disputable where the frontier is between this SP and the others. 
Broadly, it is considered that large scale semi-empirical modelling belongs more to other SPs, 
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. Because of this, often joint initiatives are 
taken between SP4 and other SPs on structural materials. 
 
The past activities of this SP have been largely connected to the WP4 of the FP7/GETMAT 
project (ended in October 2013) and also, partially, with the FP7/PERFORM60 project (ended 
in September 2013). Most effort was devoted to the development of physical models to 
simulate the microstructural evolution under irradiation in ferritic alloys, containing an 
increasing number of substitutional alloying elements: mainly Cr, but also Cu, Mn, Ni, Si, and 
P, as well as C as interstitial alloying element. This entailed not only a detailed study of the 
atomic-level processes driving creation and evolution of radiation defects in complex alloys, 
but also an intense experimental activity on Fe-Cr-C model alloys, involving irradiation and 
subsequent post-irradiation examination. The main goal of these models was to establish a 
physical correlation between microstructural evolution and radiation 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 radiation-induced 
embrittlement, and also with the proposed used of F/M steels in GenIV and fusion reactors, 
that suffer from similar problems. More broadly, however, the development of 
microstructure evolution models allows also other problems to be addressed, such as 
swelling, and to understand in a quantitative way processes such as radiation-induced 
segregation, radiation-enhanced/induced precipitation, and so on. The corresponding 
deliverables of, mainly, GETMAT, allowed the milestones for the 2011-2015 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 projects of SP4, namely MEFISTO and MOIRA, constitute the 
content of the WP2 of FP7/MatISSE. The 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 microchemical processes, due to the effect of elements such as Cr, Ni, Si 
and P,15 in order to make a correlation with radiation-induced hardening. The second one 
addresses for the first time the effect of stress in microstructure evolution under irradiation 
using atomistic modelling, providing the tools and the knowledge to derive macroscopic 
models that predict irradiation creep strain. 

                                                           
15

 These elements were identified as important as a result of the WP4 of FP7/GETMAT. 
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The current research in this SP is defined by the on-going FP7/MatISSE project and the PP 
proposed in 2015, that led to a much broader portfolio. Namely, now the research is 
extended to austenitic alloys16 and addresses explicitly issues such as swelling and 
compatibility with HLM, making an effort to move to larger scales. Moreover, wider use of 
microstructural examination is made, including an effort to make ion irradiation an ever 
better performing tool to study radiation effects: by combining models and experiments, 
the goal is to identify and understand the limits of ion irradiation as a neutron irradiation 
surrogate and developing strategies to obtain the most suitable conditions to be as close as 
possible to the microstructure that neutrons would produce. Finally, in order to deduce 
information on mechanical properties from ion irradiation experiments, nanoindentation is 
specifically studied. This is important not only for modelling purposes, but also because the 
scarcity of neutron irradiation facilities, the high 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 PP proposed in 2015 are "pure" SP4 projects, namely:  

¶ IOANIS (Ion irradiation as a neutron irradiation surrogate ς Potential, challenges and 
limits) 

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

¶ MARACAS (Simulation of Model Alloys Representative of AustenitiC stAinless Steel) 
 
Four SP4 PP, on the other hand, were linked to one or two other sub-programmes, namely:  

¶ SLIPLOC (multiscale modelling of slip localisation under irradiation), transversal to SP1; 

¶ MOLECOS (modelling of heavy-liquid metal corrosion of steels), transversal to SP1; 

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

¶ NINA (development and applicaton of nano-indentation), transversal to SP1 and SP2 as 
well; 

 
The SP has therefore a strong connection with SP1 in terms of materials and issues. 
However, at the moment the link with SP2 and SP3 is largely missing. A research agenda 
concerning modelling in support of ODS steels fabrication has been drafted some time ago, 
but has not led to any practical implementation. However, some activities on 
thermodynamic modelling in support of the development of CSE steels are proposed in the 
PP CREMAR. Very few modelling activities exist at the moment devoted to ceramics and 
those that exist are included in the JOISIC PP, in SP3. 
 

3.5  SP5: Synthesis, irradiation and qualification of advanced fuels 

Safety and sustainability are a key focus of the Gen IV and ESNII 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 from the 238U by 
neutron capture as is consumed by fission. The reactor cores can be optimised to produce 
ƳƻǊŜ tǳ ǘƘŀƴ ǘƘŜȅ ŎƻƴǎǳƳŜΣ ŀ ŦŜŀǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǎƻ ŎŀƭƭŜŘ άŘƻǳōƭƛƴƎ ǘƛƳŜέ ς the 
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 It should be considered that only very recently 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 storage of 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 repository licensing) and furthermore the capacity of these very repositories can 
be increased by a factor of 10 or more. The challenging goals of Pu multi-recycling and 
eventually minor actinide transmutation can only be reached with reliable and safe nuclear 
fuels.  
 
The development of safe reliable fuels for the ESNII fast reactor systems face similar issues 
as the structural materials. Nuclear fuels are exposed to extremely severe operating 
conditions, possibly even more than structural materials. In addition to high temperatures 
and high temperature gradients, as well as damage by neutrons, fuel conditions include 
damage from fission products and changing chemical composition, leading to significantly 
modified mechanical properties. The understanding of this plethora of effects is essential in 
the safety assessment of the fuels.  
 
Fuels may exist under several forms: oxides, nitrides, carbides and inert matrices. Mixed 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 
9ǳǊƻǇŜΩǎ ƻƴƭȅ ƳŀƧƻǊ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŎƻƳǇŜǘŜƴŎŜ ōŀǎŜΣ ŜǾŜƴ ǘƘƻǳƎƘ ŀƭƭ previous European 
fast reactors are now closed. Though widely studied in the past, the MOX product can, 
however, bear important intrinsic hallmarks linked to the fabrication methods used, e.g. 
porosity distribution, grain size, impurity levels, all of which can 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 long term 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 actinides are extracted from the spent fuel and introduced in the 
reactor for 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 the assessment of the irradiation performance of these fuel types. 
 
This SP addresses step by step all these problems: fuel synthesis, property determination, 
irradiation, post irradiation examination (PIE) and performance modelling. Integration and 
leveraging of the modelling with fundamental studies is an essential component towards the 
full understanding of the performance of these materials and is addressed in SP6. 
 
The development and safety assessment of fuels for the ESNII fast reactors requires 
dedicated experiments out of pile and in pile (preferably in fast neutron spectra but also in 
Material Testing Reactors, MTRs). Dedicated irradiation testing is particularly time 
consuming and financially challenging, but nonetheless essential. In the past, fuels have 
ōŜŜƴ ǉǳŀƭƛŦƛŜŘ ƛƴ ǘƘƛǎ ƳŀƴƴŜǊΣ ǿƘƛŎƘ ǿŜ ƴƻǿ ŘŜǎŎǊƛōŜ ƛƴ ŀ ǇŀǊŀŘƛƎƳ ƻŦ άƻōǎŜǊǾŜ ŀƴŘ 
ǉǳŀƭƛŦȅέΦ ¢ƘŜ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ ŦǳŜƭ ǇŜǊŦƻǊƳŀƴŎŜΣ ǳƴŘŜǊ ŀ ǾŀǊƛŜǘȅ ƻŦ ŎƻƴŘƛǘƛƻƴǎΣ ǿŀǎ ǘƘŜ 
main ingredient in their qualification and licensing. This practice was widely used in the past, 
but is gradually being replaced by a paradigm, whereby the fuels are subjected to άŘŜǎƛƎƴ 
and controlάΦ ¢Ƙƛǎ ǇŀǊŀŘƛƎƳ ǎƘƛŦǘ ƳƛǘƛƎŀǘŜǎ Ŏƻǎǘ ŀƴŘ ǊŜŘǳŎŜǎ ƭŜŀŘ ǘƛƳŜǎ ǘƻ ŘŜǇƭƻȅƳŜƴǘΦ !ǘ 
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the heart of the "design and control" paradigm lies the greater 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 necessary, and should be made in a unified coherent 
manner. 
 
This SP started only very recently, in 2014, together with SP6. Therefore no past activities 
can be mentioned here, except one small project (FUELSYN) which ran for the duration of 
2015 only. The 2nd phase of JPNM sees the real initiation of SP5 in JPNM. Two pilot projects 
(+ 1 in common with SP6) were proposed by the partners of SP5 in answer to the JPNM 
internal call 2015, namely: 
 

¶ DOXO: Driver MOX Operation 
DOXO undertakes experimental initiatives to characterise real irradiated fast reactor MOX 
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, enabling a still safer MOX driver fuel for the next 
European suite of fast reactors. DOXO will continue the process started in the ESNII+ project.  

¶ TRANSEND: TRANSmutation END of the beginning 
The goal of this pilot project is to capitalise on the past irradiation 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 science approaches. Apart form the basis data on 
macroscopic phenomenology (swelling, gas release, microstructure changes), the evolution 
of the fuel at the atomic level needs further investigation to understand irradiation damage 
and its accumulation and annealing, 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 
roadmap by 2020 indicating remaining safety assessment criteria not yet resolved (e.g. off 
normal issues), and to a plan for transmutation as a possibility in the four 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 conditions, but become 
even more exacerbated during transients or severe accidents. As in the case of structural 
materials (SP4), an approach based on integrated computational materials engineering, that 
makes extensive use of separate effect experiments and relevant advanced materials 
characterization, together with development of physical models largely based on computer 
simulation, represents the only reliable route for the assessment of fundamental properties 
and mechanisms related with nuclear fuel behaviour that enter as input to fuel performance 
code, beyond the so far applied approach 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. The last decade has 
witnessed breakthrough in melting point determination using self-crucible 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 them reliably 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 points for separate effect experiments. Ion implantation of inert gases in 
UO2(+x) and their dynamics as a function of temperature provide detailed insight into 
complex behaviour, including dissolution in the matrix, diffusion, precipitation on grain 
boundaries, bubble formation and release. Through the identification of such mechanisms, a 
detailed understanding of the ultra-complex 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 self-irradiation damage (e.g. doping by 238Pu). 
The validity of both of these approaches needs to be verified and due caution exercised 
when extrapolating to in pile irradiation. Nevertheless, these methods yield valuable insight 
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, whether they 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 of parameters (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 relativistic 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 SP5. Past activities in 2015 were 
limited to a single pilot project performed in 2015. It is in 2016 that SP6, like SP5, begins in 
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 internal call, namely: 

¶ TASTEFUL: Thermodynamic and Atomic Transport properties of mixed oxide FUeLs 
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 nuclear fuels for next 
generation reactors. It aims at extending the basic research approach developed in the 
FP7/F-BRIDGE European project (ended in 2012) to (U,Ce)O2, (U,Pu)O2 and (U,Am)O2 mixed 
oxides and fuels containing non-gaseous fission products, to contribute to solve a selection 
of critical applied issues related to nuclear fuel behaviour under irradiation under normal 
and off-normal operating conditions. It will focus on the issues occurring inside the fuel, just 
before or at the beginning and during the accidental event. Melting behaviour, fission 
product chemistry and release, as well microstructure evolution under irradiation are the 
key issues identified from a first top-down analysis done in interaction with industry 
representatives involved in the user group of FP7/F-BRIDGE that will be studied here.  

¶ MECHAFUEL: MECHAnisms governing MECHAnical properties of oxide fuels 
This pilot project focuses on improving/developing experimental techniques and multiscale 
modelling methods that are at the cutting 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 mesoscopic scale; 
2) Development of new thermo-mechanical models at the macroscale; 



31 
 

3) Design and building of devices to measure creep under and out-of-irradiation; 
4) Measurement of thermal and radiation-induced creep. 
The building of the set-ups at CEMHTI and HFR will require external funding in addition to 
the contribution of the partners. 

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

The goal of this PP (launched in common with SP5) is 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 insights and improve the interpretation of post-irradiation 
examinations carried out on neutron-irradiated fuel 
2) transferring the knowledge acquired from basic and technological research into 
operational tools  
3) bringing together experts from various areas of expertise to develop and capitalize on the 
synergy between basic and technological research on modelling and experimental aspects. 
 

4. Participants and human resources 
Table 2 provides a summary of the situation at the time of revision of the present DoW in 
terms of participants in the JPNM and corresponding committed human resources, as 
declared, for the research to be done in this framework. Full participants are highlighted in 
grey and bold font is used for those who hold responsibilities in the governance of the JPNM 
(see section 9 for details on the governance). The corresponding associate members are 
listed below each full participant (section 9 provides more details about the status of full and 
associate member). The effort is given in person-years per year (PY/Y) in the case of the full 
members (> 5 PY/Y) and in person-month 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.  
 

Table 2: Summary of JPNM participants and declared human resources (June 2016). 
Nr. Name Country Human resources committed Role /  

   PY/Y PM/Y Responsibility 

1 CEA France 15  Full participant / SP6 coordinator 

1.1 EDF France  10 Associate / Industry 

1.2 UTBM France  3.4 Associate 

2 U. Chalmers Sweden 8  Full participant 

3 CIEMAT Spain 6  Full participant / SP2 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 participant / SP4 coordinator 

6 CVR Czech Republic 10  Full participant / X-cutting issues 

6.1 COMTES Czech Republic  10 Associate 

6.2 STUBA Slovakia  54 Associate 

7 ENEA Italy 16,5  Full participant / SP3 coordinator 

7.1 CSM Italy  4 Associate / Industry 

7.2 IIT 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 JRC-IET/ITU* EU 7,5/5  Full participant / SP1/SP5 coordinator 

9.1 Raten Romania  54 Associate 

10 KIT Germany 19  Full participant / Dep. 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 Netherlands 5  Full participant 

13.1 TU Delft The Netherlands  12 Associate 

14 PSI Switzerland 7  Full participant 

14.1 ETH Zürich Switzerland  3 Associate 

14.2 SUPSI Switzerland  24 Associate 

15 SCK·CEN Belgium 12,5  Full participant / JP Coordinator 

15.1 Inst. Phys. Zagreb Croatia  24 Associate 

15.2 KULeuven Belgium  12 Associate 

15.3 OCAS Belgium  12 Associate / Industry 

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 CCFE (UKAEA) UK  54 Associate 

17 VTT Finland 5,3  Full participant 

17.1 Aalto U. Finland  54 Associate 

17.2 IFE Norway  3  Associate 

17.3 U. Helsinki Finland  48 Associate 

Total: 17 Full+31 Assc 17 Countries 154.6 PY/Y 592.4 PM/Y 204 PY/Y 

*JRCôs status does not permit payment of fees, thus a MoU with EERA is being discussed, decreeing in-kind 
contributions instead of fees 
 

5. Infrastructures and facilities  
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 όa¢wǎΣ ƛƻƴ ŀŎŎŜƭŜǊŀǘƻǊǎΣ Χύ; loops and autoclaves for the exposure of 
materials to aggressive fluids (including in-pile loops, i.e. loops inside MTRs); hot cells for the 
manipulation of radioactive materials; hot and cold laboratories for mechanical testing 
under a variety of conditions; workshops for the fabrication of specimens, including 
ƳƛƴƛŀǘǳǊƛȊŜŘ ǎǇŜŎƛƳŜƴǎ όCL. Χύ; different advanced techniques for microstructural 
examination. A list of available facilities dating back to the year 2012 is given separately as 
Annex to this document. An updated mapping and revision of the list of infrastructures and 
facilities is being compiled in the framework of the FP7/MatISSE project and, when finished, 
will replace the current Annex. 
 
Some of these infrastructures and facilities are still being constructed or upgraded. A few of 
them, in particular irradiation (MTRs) and testing facilities, offer or will offer open access, 
e.g. SUSEN facilities in the Czech Republic that received with EU financial support. However 
open access does not mean availability 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 in-kind "piggy-back" irradiation experiments, in a concerted framework 
(see below). However, in general access to and sharing of facilities for nuclear materials 
exposure, testing and examination, especially those confined to the controlled area, where 
radioactive materials are manipulated, can be problematic for legal, security, safety and 
financial reasons, namely:  
 
Å Legal 

ī Protection of know-how & expertise: there is often reluctance to give full open 
access as this may reveal details on protected know-how (this attitude is 
however often inconsistent even within the same organisation); 
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Å Related to security 
ī Access to hot cells requires clearance from safety authorities for security 

reasons: this takes months and a significant administrative burden. It is 
therefore difficult to plan inter-laboratory mobility of researchers and there is 
general reluctance to do so. 

Å Related to safety 
ī Only trained & skilled operators can safely use some equipment, especially in 
Ƙƻǘ ƭŀōǎ όƳŀƴƛǇǳƭŀǘƻǊǎΣ Χύ. 

Å Financial 
ī Availability of specific equipment for openly accessing users has a high cost; 
ī The owners of facilities made an investment and need to breakeven. 

 
Notwithstanding these difficulties, solutions can be envisaged, for example a scheme of 
mutual compensation ōŜǘǿŜŜƴ ƻǊƎŀƴƛǎŀǘƛƻƴǎ ǿƛǘƘƛƴ ŀ άǾƛǊǘǳŀƭ research ŎŜƴǘǊŜέΣ ƛƴ-kind or 
in-cash. An in-kind type of compensation is for example by seconding employees from A to B 
in a stable way, in such a way that: 
Å A offers the manpower; 
Å There is time for clearance from safety authorities of B; 
Å There is time for the employee to be trained by B. 
This could happen under a specific agreement between A & B concerning non-disclosure of 
know-how, use of manpower for B purposes, etc. 
So, solutions may exist, but they require effort to be devised and implemented: this will not 
happen without strong willingness and determination at high management level and MS 
level.17 
 
In practice, in the framework of European projects and/or within JPNM pilot projects what 
most often happens is that the collaborating organisations agree on a concerted use of the 

facilities that every laboratory 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 community. For 
example, an organisation that can perform irradiations agrees to do so in-kind (or partially 
reimbursed by a European or national project); then the material is dispatched to different 
laboratories, each performing part of the characterisation, based on everyone's capabilities 
and available equipment; at the end the final data are shared between all the 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 on exposed materials is 
subdivided between laboratories, sharing the final data. This actually happens on a fairly 
regular basis within the JPNM community. Difficulties arise generally when there is 
redundancy of a certain type of facilities or claimed expertise, in order to select which 
partners should perform the work, especially within European (thus 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 happen in the near term, especially if significant 
investments have been made to acquire or refurbish a specific facility in the recent past. 

                                                           
17

 wŜƎǊŜǘǘŀōƭȅΣ 5D w¢5Ωǎ ƛƴŘƛǊŜŎǘ ŀŎǘƛƻƴ ǇǊƻƎǊŀƳƳŜǎ ƴƻ ƭƻƴƎŜǊ ƘŀǾŜ ǎŎƻǇŜ ŦƻǊ ŀŎŎŜǎǎ ǇǊƻƎǊŀƳƳŜǎ 
such as TALISMAN or ACTINET, which provided support for young scientists to perform activities at 
Institutes with hot labs, that are not available broadly in Europe. In the US, akin programmes exist 
and can rely on budgets round 20-40 M$/year. 
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6. International Cooperation 

International cooperation is ongoing mainly 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 JPNM. Moreover, there is a wish to include US laboratories as 
partners of Euratom projects, as well. Table 3 is a non-exhaustive (wish)list or the result of 
very punctual initiatives. The problem is that in this field there is clearly a legal void: no 
really attractive and practically applicable schemes for genuine international co-operation 
actually exist between Europe and countries with which a high added value would exist in 
cooperating, such as US or Japan. 
An important example concerns cooperation with the US. The only scheme available for 
nuclear energy is the I-NERI (International Nuclear Energy Research Initiative), which is a 
bilateral agreement between DoE and Euratom. Joint projects involve generally one US 
national laboratory and either JRC or a Euratom funded project. Most examples of I-NERI 
projects involve JRC only, on the European side. In order for the collaboration to be 
established with a European project, the consortium agreement must include an appropriate 
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 project. No 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 allowing I-NERI initiatives to be set up will be included. In one 
case, a collaboration with Los Alamos National Laboratory on modelling-oriented 
experiments is foreseen, within the M4F proposal. For the rest, in the current Euratom WP 
(2016-17), the only support to International Cooperation has as objective "to pursue 
focussed cooperative actions with specific third States in support to the implementation of 
the Euratom Research and Training Programme 2014-2018, 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 in fission and fusion research". Special 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 non-European 
countries in Euratom-funded projects as participants, but again, no bonus is foreseen and in 
the case of Euratom the participant cannot receive any funding, irrespective of the country 
of location, if the country is not on the list of Euratom signatories (i.e. EU-members + 
Switzerland18). It is quite contradictory that International Cooperation is insistently 
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 Ukraine may soon become eligible for funding. The JPNM has been informally contacted by the 
Director of the ISSPMT at the NSC-KIPT (Nuclear Science Center - 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 and obligations, including in relation to Research Programmes like Horizon 2020," -Carlos 
Moedas, EU Commissioner for research and innovation told Science|Business - "From a legal point of 
view, the outcome of the referendum has not changed anything. The EU law continues to apply in full 
to the UK and in the UK until the moment it is no longer a Member State". Moreover the Fission 
research programme is governed by the EURATOM Treaty as opposed to the Lisbon Treaty which 
governs the rest of the H2020 research programme. It is not clear if leaving the EU will impact the UK 
as a signatory to the EURATOM treaty, which pre-dates the UK membership (c 1957) to the EU. 
Probably not. 
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promoted by EC and MS, but then there are no or 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 potential 
connection with GIF, the GenIV International Forum. This is a formal agreement between a 
number of countries (especially active are US, Korea, France, Switzerland) to share data 
produced in each of them, of relevance for GenIV systems. Euratom is 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 framework of the (V)HTR materials project, an 
attempt is also being made to collect information of cross-cutting interest for the different 
systems. Exchanging data between EERA JPNM and GIF/(V)HTR materials group would be 
ideally a very interesting opportunity, however no formal scheme can be set up for data 
exchange, beyond informal contacts. In principle, via JRC it should be possible to exchange 
data between Euratom funded projects and GIF, however so far this channel of information 
did not work, because while deliverables 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: Non-exhaustive summary of existing examples of International Cooperation within 
the JPNM (June 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 the 
Wtba ŀƴŘ !ǊƎŜƴǘƛƴŜ ǊŜǎŜŀǊŎƘŜǊǎΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ōŜǘǿŜŜƴ {/Yω/9b 
and CNEA (Comision Nacional Energía Atómica) / CONICET 
(Consejo Nacional de Investigaciones Científicas y Técnicas), the 
results of which partly contributed to the JPNM 

Modelling of radiation effects in 
materials (SP4) 

Canada   Bilateral collaborations exist between participants in the JPNM 
and Canadian researchers, specifically JRC-IET and CEA collaborate 
with Canadian centres. They are not, however, explicitly 
contributing to the JPNM. 

- SCWR materials (SP1) 
- Modelling of fuel behaviour 

(SP6) 

China Bilateral collaborations exist between participants in the JPNM 
and Chinese researchers, specifically IMDEA Materials with the 
School of Nuclear Science and Technology on SiC modelling and 
{/Yω/9b ǿƛǘƘ ǘƘŜ /Ƙƛƴŀ LƴǎǘƛǘǳǘŜ ƻŦ !ǘƻƳƛŎ 9ƴŜǊƎȅΦ IƻǿŜǾŜǊΣ 
there is no direct contribution to the JPNM. In general, the 
collaboration with China, beyond bilateral cases, is not simply put 
in place.

 19
 

Modelling of radiation effects in 
SiC and steels (SP4); potentially, 
share of facilities 

Japan There might be bilateral collaborations of JPNM participants with 
Japanese researchers, but no precise information is available. At 
national levels there may be schemes of collaboration with Japan, 
but there is no information on schemes at European level, if any. 

Not known, but ideally the 
cooperation could be valuable. 

Russia Within the FP7/GETMAT project, which finished in October 2013 
ŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǎŜǾŜǊŀƭ {tǎ ƻŦ ǘƘŜ WtbaΣ {/Yω/9b ŀƴŘ 9b9! 
ran an irradiation programme in the BOR60 reactor (RIAR, 
Dimitrovgrad) via ISTC (intermediary agency, now dismantled): 
there are still informal connections and the experience was very 
positive. 
Helmholtz Society holds a collaboration with Russia within which 

¶ Access to unique high dose 
neutron irradiation facilities: 
BOR60 reactor in 
Dimitrovgrad (RIAR) and 
BN600 reactor in Obninsk 
(IPPE) ς potentially interesting 
for all SPs 
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 Note that in the recent part a Euratom funded project meant to set up a Euratom/China collaboration 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 counterparts, 
the results contributing to the JPNM; specifically, KIT collaborates 
on ODS steel modelling (Joint Research Group 411), as well as on 
irradiation creep modelling. 

¶ 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 in 
the FP7/MAtISSE project, both strongly linked to the activities of 
the JPNM. Specifically, KAERI contributes with creep and creep-
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 Center - Kharkov Institute 
of Physics and Technology, mainly for the use of TEM and triple-
ion-beam irradiation facility, as well as for modelling (e.g. at 
SCK·CEN). Currently, Ukraine is negotiating association with the EU 
and Ukrainian labs may acquire the right of being funded by the 
EC as partners in European projects, at least within Euratom. 

Potential access to triple-ion-beam 
irradiation facility and relevant 
TEM 

US For sure several bilateral collaborations exist with researchers in 
the US, but they are not formally framed in the JPNM for the 
moment. In the past, via the project GETMAT, there was an 
exchange of information (deliverables) with INERI, via a 
DOE/Euratom call, which had some sort of official recognition, but 
without any dedicated funding on either side (so, not especially 
attractive on either side). An INERI project was attempted in the 
framework of MatISSE but had to be dropped. In the future, effort 
will be made to set up INERI projects within Euratom-funded 
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 projects jointly 
with European national funding agencies (eg ANR in France), but 
these projects are not especially appreciated in the US because 
each institution can only apply for one such project, thereby 
having to choose in which framework to collaborate. Finally, 
professional links between Czech and American research institutes 
initiated the discussion about bilateral Czech-American 
collaboration in the field of nuclear energy. On December 6, 2010, 
the Declaration of the cooperation in the field of nuclear energy 
between the Ministry of Industry and Trade of the Czech Republic 
and the U. S. Department of Energy was signed. The Czech 
Republic thus participates in research of alternative coolant 
technology for in U.S. designed Fluoride cooled High temperature 
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 problem of limited generational 
turnover. Experts retire without being timely associated with induction of younger 
researchers or operators that should eventually replace them, with a corresponding loss of 
expertise; or experts change prematurely their field of activities without having the chance 
to transfer their knowledge. The sector is currently not especially attractive to motivate 
young researchers ς with few exceptions of course - so the number of young people entering 
it is lower than the number of those who leave it. The limitations politically applied to the 
possibility of new builds and the still uncertain future of initiatives related to GenIV reactors 
limit the capability of the nuclear industry, or the nuclear energy research, to absorb and 
train a new generation of experts. There is therefore a two-fold need related with education 
and training of young people in the nuclear sector: provide sufficient political stability to 
make working in this sector an attractive career and set up adequate training courses to 
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 experts is available that can valuably contribute to 
transfer knowledge on nuclear materials, but there are no sufficient financial resources to 
organize and establish stable training and education frameworks, to be repeated on regular 
basis. Efforts have been and will still be made to organise attractive summer schools within 
Euratom-funded projects (examples are the MATRE school organised within the 
FP7/GETMAT project in collaboration with FP7/PERFORM60, or the MUNECO school, jointly 
organised within FP7/GETMAT and FP7/MATTER projects20). Besides this, specific initiatives 
are taken by nuclear research centres involved in the JPNM (but not framed in this context), 
such as those organised in the framework of the MINOS centre of excellence at CEA21 or the 
school on heavy liquid metal ǘŜŎƘƴƻƭƻƎȅ ƻǊƎŀƴƛǎŜŘ ōȅ {/Yω/9b.22 The EERA JPNM should 
work on a better coordination and complementarity between these local initiatives and at 
least act as a centre of collection and dissemination of the information. Assuming sufficient 
financial resources can be made available, the series of schools called MatGenIV and 
organised regularly until not so long ago by KTH in the framework of the Genius national 
project may be revived.23 
 
The real added value, however, would come from the stable organisation of a European 
master on nuclear materials. But for this purpose significant resources are definitely needed. 
Until recently, European Training Networks (ETN) funded by the EC as Marie Sklodowska-
Curie actions were not accessible to nuclear energy related topics. Now this restriction has 
been dropped and a proposal for an ETN on nuclear materials, DIAMANT (Doctoral school on 
Industrial Application of Materials for Advanced Nuclear Technology) has been already 
submitted twice(the success rate of ETNs is only 10%). A 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 experienced researchers to new techniques or research topics or to 
allow cross-fertilisation between different laboratories, by fostering mobility of researchers. 
This is an action that can be taken in the framework of European projects, i.e. mobility 
schemes can be set up using part of the funds from the project. Alternatively, researcher 
exchanges can be based on bilateral agreements, both formal or informal. These schemes 
are hindered in their executions by the difficulties in sharing facilities that exist in the 
nuclear sector (see section 5), however they may work if targeting experiments performed in 
cold laboratories or modelling work. 

8. Dissemination and visibility actions 
The dissemination of the results of the work performed within the JPNM is essential for the 
impact of the JP and therefore also for its visibility. The JPNM website is continually evolving 
and is a fundamental instrument for this purpose, as well as for the JPNM management. It is 
therefore crucial to maintain it in permanence. 
 
The following actions are being and will continue to be taken: 
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 http://nordic -gen4.org/wordpress/wp-content/uploads/2012/01/First-announcement.pdf 
21

 http://www.materials.cea.fr/en/minos/ 
22

 http://academy.sckcen.be/en/Academic_courses/Calendar/Heavy-metal-summer-school-
20150615-20150619-0bb4e7ba98b2e411b9ec00155d010700 

23
 It might be opportune to have a MB member specifically devoted to the coordination and 
networking on training and education initiatives. 
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¶ Articles submitted for publication that report on results of research performed within 
the JPNM are strongly encouraged to acknowledge this with the sentence "This research 
contributes to the Joint Programme on Nuclear Materials (JPNM) of the European 
Energy Research Alliance (EERA)". 
 

¶ For these same articles, a publicly available repository on which they can be collected in 
"green open access" (self-archiving, i.e. unformatted accepted version of the paper) 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 not only through the organisers, but also through the 
results presented by JPNM participants in an international framework. The list of these 
symposia can be followed via the JPNM website. 

 

¶ Thematic workshops are organised with, and sometimes without, the support of 
European projects, and advertised within and without the JPNM community. Also these 
events are advertised and can be followed via the JPNM website; 

 

¶ A MoU has been signed by EERA with OECD/NEA that engages the JPNM to contribute 
until 2020 to the periodic organisation of SMINS, the Workshop on Structural Materials 
for Innovative Nuclear Systems, which is one of the main conferences worldwide on 
GenIV reactor materials. The first edition co-organised by OECD/NEA and EERA JPNM, 
with some support from the IAEA, is the 2016 one.24 

9. Management 

The management of the JPNM follows the Internal Rules of EERA AISBL,25 that hold for all 
JPs. In short: 
 

¶ Two classes of participants exist: full members and associate members. The former 
engage for the JP human resources in excess of 5 PY/Y, pay a higher fee to EERA 
(currently 3000 EUR) and are represented in the Steering Committee (see below), which 
is the decisional body of the JP. The associate members engage less than 5 PY/Y, pay a 
lower fee (currently 1000 EUR) and are represented in the Steering Committee by the 
organisation with which they are associated.26 Both full and associate members need to 
be first accepted by at least one JP in EERA as participants and then ratified by the 
Executive Committee of EERA. The EERA 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 generally publicly funded R&D organisations or private companies 
recognized as R&D organisations by the European Commission; industries can only join 
as associates. JPNM prefers to have all associates clearly recognised and approved by 
the Steering Committee, even if belonging to umbrella organisations, whenever 
possible. Associates have the same rights as full members as far as participation in pilot 
projects, task forces and joint technical teams is concerned; however they do not 
express a representative in the SC, therefore they do not decide about the priorities via 
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 https://www.oecd-nea.org/science/smins4/  
25

 http://www.eera-set.eu/what-is-eera/downloads/  
26

 In 2017 the criteria to distinguish between full and associate members will change, in particular the 
criterion based on the declared PY/Y will disappear. 

https://www.oecd-nea.org/science/smins4/
http://www.eera-set.eu/what-is-eera/downloads/
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e.g. approval of pilot projects and selection of which of them should enter European 
project proposals. 
 

¶ Fig. 4 illustrates the governance structure of the JPNM, following the internal rules of 
EERA.  

 

 
 

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

 
o The Steering Committee (SC) is the decisional body of the JP, in which the 

management of the different organisations involved is represented directly (full 
members) or indirectly (associate members). The SC elects the JP coordinator (JPC) 
as well as the SP coordinators (SPCs), from candidates presented in an open call by 
the organisations represented in the SC. The JPC has to be later ratified by the EERA 
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), 
although if after two ballots no decision is made simple majority is accepted, and it is 
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.  

 
o The JPC also chairs the Management Board (MB), which is composed by the JPC, the 

SPCs and any other management function that may be considered of relevance by 
the JP. In the case of the JPNM, a deputy JPC is also part of the MB, which replaces 
the JPC in case of absence or unavailability and helps the JPC in his/her work; 
moreover, there is a member of the MB in charge for cross-cutting issues, as well as 
a secretariat. The MB prepares actions to be endorsed by the SC and reports to it 
about the functioning of the JP, in 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 SC with 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 and monitoring the progress made within the 
different sub-programmes, each SPC being specifically responsible for his/her 
SP. 

V Reporting progress to and discussing problems with the SC 
 

o The JPC (and/or his/her deputy) is specifically in charge to interact with the EERA 
ExCo and secretariat, as well as with other JPCs in EERA, by preparing relevant 
reports and documents, participating in JPC or other EERA meetings, etc; the JPC and 
his/her deputy also interact with other platforms (industrial initiatives, technology 
platforms, ...) and stake-holders (including MS and EC representatives), supported in 
this by the rest of the MB, especially by the person in charge for cross-cutting issues. 
This is illustrated in Fig. 5. 

 
 

 
 

Figure 5 ς Scheme illustrating the interaction of the JPNM with EERA and the external world. 
 
As a complement to the above described governance structure, in order to strengthen the 
relationship with other platforms and with the MS, the JPNM decided to create a stake-
holder group (SHG), based on the signature of a non-disclosure agreement by the members. 
This is expected to act as an advisory body. It is also a body through which industrial 
partners that do not wish to become EERA members can be involved in the JPNM. The 
creation of this SHG is an ongoing task of the Coordination and Support Action (CSA) that 
supports the JPNM via the FP7/MatISSE. The 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 for the SRA27 
of the EERA JPNM has been performed.28 The conclusion of the analysis reads as follows: 
"the JPNM has been successful in European integration and working for SNETP goals towards 
9ǳǊƻǇŜΩǎ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀ ƭƻǿ-carbon energy mix by 2050. Understanding the huge costs of 
currently considered industrial Gen IV reactors in Europe and analysing possible different 
funding sources, it is evident that the financial support for JPNM Gen IV research and 
coordination depends heavily on Euratom funding, possibly through a co-fund action such as 
an EJP on nuclear materials, as a way to leverage or at least earmark funds for the JPNM also 
from the MS. In turn, it is important for the JPNM to be active in coordinating research 

                                                           
27

 In preparation. 
28

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
















