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This was the fifth meeting of the Visiting Committee of the CEA since its creation 
in year 2000. The first meeting gave members of the committee a broad overview 
of the entire spectrum of CEA research and subsequent meetings have focused 
on specific topics. These included the nuclear fuel cycle, biology, and micro and 
nanotechnologies. This meeting focused on R&D for future nuclear energy 
systems. The main division of CEA concerned with this topic is the Nuclear Energy 
Division. Some of the laboratories of the Technological Research and Matter 
Science Divisions are also involved in areas such as materials and basic nuclear 
data. 
 
The Committee appreciated the visit to the laboratories at Cadarache and 
Marcoule which were very useful in enabling us to understand the activities. The 
presentations were clear and to the point.  
 
General Remarks 
 
For several decades the French Nuclear Program has probably been the world’s 
most coherent and well focused. It suffered an interruption in the logical 
progression of the R&D program with the shutdown of the Superphénix reactor in 
1998. With that shutdown, R&D work in CEA on fast reactors was essentially 
stopped. Times have changed, nuclear energy is now expected to play a lasting 
role as a major component of the world’s energy supply and interest in fast 
reactors has revived again.  Discussions of this technology were the major part of 
the program of the meeting. 
 
The revival of interest in nuclear power worldwide has been driven by the rapid 
increase in world energy demand, concerns about climate change and pollution, 
and limits on supply and transport for carbon-based fuels. Considering all this, 
most now agree that nuclear energy is an essential component of the world’s 
energy supply system for the foreseeable future. It is one of the only greenhouse-
gas-free energy sources that can be deployed now on a large scale. Solar and 
wind energies may well come into force in the long-term future but not until some 



 

way is devised to store this type of energy to overcome the problem that the wind 
does not blow or does the sun shine all the time.  
 
The installed base of nuclear power is growing. There are 32 light water reactors 
(LWR) now under construction today around the world and France is one of the 
leaders in producing them. According to projections made in France, the U.S., and 
at the International Energy Agency, there will be something on the order of 1,300-
1,500 GWe of nuclear power deployed by the year 2050. This large expansion of 
nuclear power has raised concerns that, by about the middle of the century, there 
may develop a shortage of natural uranium that can be enriched to supply the fuel 
for the LWRs now forming the backbone of the nuclear energy system. Of course, 
since there has been little prospecting for uranium ore in the past few decades the 
extrapolations of availability may be much too conservative, but it is necessary to 
be prepared and this brings fast spectrum systems back into the nuclear future.  
An international program involving several nations has been developing. This 
“Generation IV” (GEN IV) program includes several fast-spectrum systems among 
its options. 
 
At our meeting M. Bigot, the High Commissioner, informed the committee that the 
government has issued new guidance to CEA on its participation in the GEN IV 
program. Priority is to be given to two fast-spectrum systems, the sodium fast 
reactor (SFR) and the gas fast reactor (GFR) with 30% of the budget dedicated to 
the SFR work and 50% to GFR work. The reason for this division, which we regard 
as reasonable, is that CEA has much more experience with SFR technology and 
has in fact been running this kind of reactor for many years. However, GFR 
technology needs more development and it is good to have a back up to the SFR 
technology. Other options include very high-temperature reactors and these other 
options get the final 20% of the budget.  
 
The committee heard general presentations on the GEN IV program. The GEN IV 
developments are supposed to be made in international collaborations. It is early 
in the development of such collaborations and there is as yet no formal agreement 
between the partners as to the division of labor.  In the Committee’s opinion the 
best way to establish clear divisions of labor is for the laboratories in France to 
work with their opposite numbers in other countries and then to prepare the formal 
agreements defining precisely the role of France for governmental approval.  
 
The Committee is concerned about what may be a mismatch of goals and 
resources. CEA’s objective is to make a choice between the two fast spectrum 
systems, SFR and GFR, by the year 2015. We feel that the budget of €40 million 
per year is not adequate. We believe it would be advisable for CEA to establish a 
more specific work plan (road map) that lays out what needs to be done and then 
estimates the resources required to carry out the work. We suspect that it will 
require significantly more than €40 million per year to meet the 2015 schedule for 
a choice of fast systems. In addition, we believe that more involvement of potential 
industrial partners would be advisable even at this early stage.  
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Fuels and Waste 
 
The Committee heard that the main target of the fast reactor fuels program is the 
use of uranium/plutonium fuels. This is certainly appropriate as a first target, but 
an analysis should be done on the long-term implications of an expansion of 
nuclear energy using these fast spectrum systems. It is possible to use a form of 
continuous recycling that includes the minor actinides (Np, Am, Cm) as well as 
plutonium so that no long-lived actinide component ever has to be incorporated in 
the nuclear waste that has to be segregated. In this continuous recycle mode the 
only thing that need go to any kind of repository is fission products. However, there 
are costs implications here and continuous recycling will certainly add costs to the 
nuclear energy production. An alternative would be a variant of what is done now 
where minor actinides are included in the waste with the fission products and go to 
a repository and only plutonium is recycled. This cycle will most likely have a lower 
fuel cost but a higher waste cost.  An analysis should be done to look at the 
advantages and disadvantages of incorporating the minor actinides into the 
uranium/plutonium fuel for the fast spectrum systems.  
 
SFR 
 
The committee did not hear a clear presentation on the objectives of the research 
program for the SFR. We did hear general discussions about lowering costs, 
improving safety, adding the actinides to the fuel, and simplifying the design. It is 
time now for a more detailed program to be laid out for the SFRs. If CEA aims to 
make a major improvement in the design of a future SFR over that of the existing 
European Fast Reactor (EFR) design, it needs a more specific work plan that 
includes milestones for the program.  
 
There is partnership between Japan and France on the SFR in the GEN IV 
program. Japan has the leadership but that does not mean that CEA should not be 
a full partner in laying out the directions for the R&D program. 
 
The Committee very much appreciates the efforts made by CEA to preserve in 
various databases the huge amount of knowledge on sodium-cooled fast reactors 
that has been accumulated in France through the Phénix and Superphénix 
programs. It is also worthwhile to bring some young people into the sodium 
technology program before all of the very experienced people in this program 
retire. 
 
GFR 
 
The GFR compared with the SFR has the possible attraction of a potentially higher 
electrical efficiency and a cooling fluid that simplifies inspection of reactor 
components. However there still is a big difference between state-of-the-art in the 
two systems and a lot more has to be learned about the performance of the fuels, 
cladding, core design, materials, turbine, safety, etc. The GFR program also needs 
an R&D plan with more detailed milestones.   
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Very High-Temperature Reactor (VHTR) 
 
The Committee was puzzled by the extent of the effort that had been expended on 
the VHTR. As we understand it, this is a heritage of the previous days when fast-
spectrum systems were not in favor and the CEA nuclear experts could work freely 
on the next generation of thermal-spectrum reactors, of which the VHTR is one. 
Some of the possible attractions of the VHTR are the availability of very high 
temperature process heat that could be used in industrial applications and the 
possible production of hydrogen through the sulfur-iodine process. However we 
heard that studies on the market for high temperature process heat are not 
complete. Also, as we heard in a most interesting talk on sulfur-iodine process, the 
rate constants for this reaction are not known at high temperatures. Therefore it is 
no more than a guess that the hydrogen production efficiency of the VHTR will be 
high enough to make it a very interesting candidate for a source of hydrogen for 
transport fuels, for example. The work on high temperature rate constants is 
interesting, important, and should continue with a high priority if the use of the 
VHTR in hydrogen production is to be seriously considered.  
 
The Committee believes that CEA should not ignore the potential of the high 
temperature electrolysis process. This process may have as high efficiency as the 
sulfur-iodine process and there is a part of the CEA, the DRT, which is working on 
this subject. A better communication between the nuclear groups and the DRT on 
the issue of high temperature electrolysis is recommended. 
 
We note also that the technical challenges of the VHTR are much larger than for 
the GFR because of its considerably higher temperature. Also, the VHTR is a 
thermal spectrum system that does not really contribute to the long-term solution 
of the uranium fuel problem supply and waste disposal problems.  
 
Actinide Separation 
 
Very interesting work was presented on progress in high-efficiency actinide 
extraction. An impressive very-high extraction efficiency had been obtained on 
actinides co-extracted in an aqueous process. This demonstration was on a 
laboratory scale and needs to be scaled up. The first moderate scale (15 kg) test 
is just starting. This is a very important test and we look forward to the result. 
Pyroprocessing has not yet gotten high enough actinide extraction efficiencies to 
be really useful as part of the process of preparing actinide burning fuels, but it is 
still early in the development of this process and the Committee encourages CEA 
to continue the R&D.  

 
Materials 
 
It is very important to clearly identify the real fundamental research needed and 
the development needed on materials for the new generation of reactors. This 
should be part of the roadmap exercise mentioned earlier which should include 
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materials issues. A much closer interaction between teams involved in the nuclear 
materials and the teams in reactor design is required. For example, the Committee 
thinks that more basic work in the following subjects is relevant for the GEN IV 
program: 
- Fundamental studies at the atomistic level of irradiation damage and building up 
of multiscale modelling on these questions to predict the mechanical behaviour, 
yield stress and work hardening, and toughness. The specificities of high 
temperature conditions should be stressed 
- Fundamental studies on the specific role of interfaces, both structural and 
chemical, on the damage accumulation processes, with a special emphasis on 
possible interface embrittlement 
- Diffusion mechanisms of the fission products in SiC (silver, iodine) along the line 
of what was presented. There are some discrepancies in existing literature that 
should be sorted out to understand the deep diffusion mechanisms. 
- Radiation damages in silicon carbide composites, particularly at the interfaces 
and in multilayer silicon carbides. It could be then possible to apply the 
consequences of the damage to the structure behaviors. It would be also valuable 
for the assessment of new fuel forms to develop a predictive knowledge on how 
radiolysis occurs and creates damage in material. It would be very interesting to 
obtain generic information on amorphisation and other radiation damage 
mechanisms, and effects of ionizing radiation on corrosion mechanisms of 
passivating layers. The understanding of these and similar effects is fundamental 
for the design of new materials.  
- Studies on design issues related with the use of brittle materials, and in close 
relation with safety requirements should be a prerequisite to further investigations 
on SiC as a possible material.  
 
The study done by the DRT division on high temperature materials for pipes and 
heat exchangers is very good. It builds on existing knowledge of high temperature 
materials which were studied in other industrial context. It relies on deep 
understanding of physical metallurgy of the process. The whole problem is not 
solved but the overall structure of the research program could be given as an 
example of a sound approach to the question.  
 
The design of ceramic/ceramic composite materials for core components needed 
to go to higher temperature is not easy. The collaborations of CEA should not 
involve only materials specialists, but also designers from other industrial fields 
that have faced these issues for structural materials.  
 
Irradiation Test Facilities 
 
France, indeed the entire world wide GEN IV collaboration, faces a problem in the 
availability of test facilities. Phénix is going to shut down at the end of 2009. That 
will leave only Japanese and Russian reactors as sources of fast-spectrum 
neutrons with a large enough volume to be useful for the fuel and materials testing 
required for GEN IV fast-spectrum systems.  
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It would be desirable if the basic research work that needs high neutron flux levels 
could be done as soon as possible in Phénix. It can be done later in Japan or 
Russia, but it always is more difficult to work in another country than it is to work at 
home. There will be a shortage of time for fast-spectrum test facilities and we urge 
CEA to plan as well as they can to make maximum use of Phénix before it is 
turned off.  
 
Personnel for the Future 
 
We heard a report on the current status of people involved in different areas of 
research but we did not hear much about the future supply of the needed 
expertise. While there may be presently a sufficient number of nuclear scientists 
and nuclear engineers in the CEA, this expertise is aging and one needs to plan 
for their retirement and their eventual replacement with new generation of young, 
energetic and enthusiastic scientists and engineers. More so, for the new 
generation of reactors, particularly the high-temperature-gas reactors, material 
scientists will be as important as nuclear scientists. It was not clear to the 
Committee that there is enough encouragement in French universities on the 
development of the kinds of people that CEA will need in all areas of relevancy for 
the advanced nuclear program. It would be useful to think this through carefully, 
especially for the materials area. 
 
With public opinion on nuclear energy turning and evolving, in the views of many, 
from a barely acceptable to a desirable energy source, the attraction of this field 
for excellent young people should be rapidly rising. The CEA and its staff should 
embrace and celebrate this reversal of public opinion and forcefully plough ahead 
and plan for a future, in which nuclear energy is considered a technology that is 
widely welcomed and of comparatively low environmental impact. As much as this 
new horizon requires an in-depth evaluation of all possible technological options, it 
also allows and even requires a change in mentality of many of the practitioners 
involved. A foreseeable future in which nuclear energy plays a dominant role in the 
world’s energy supply should lead to an optimistic outlook and, once again, to a 
recognition of this science and engineering field as highly desirable to young 
students. 
 
Along this line effective collaboration with the universities and with CNRS could 
help foster the required workforce for the future. Such collaborations also could 
mitigate to satisfy the considerable short-term needs for material scientist. From 
what we heard the present collaborations are considered mainly for long-term 
projects. Collaborations on shorter term projects managed by CEA would be an 
effective way of introducing more new people into the areas where CEA will need 
competency in the future. 
 
Organization of CEA 
 
The problems faced in the area of advanced nuclear energy sources will require 
engineering, applied science, and fundamental science competencies for their 

 6



 

solutions. The Committee believes that organizations like CEA work best when 
they have the entire spectrum of people required working on their problems. 
Engineering problems can be solved sometimes by new science and science 
problems can be solved sometimes by reengineering. CEA has an immense 
opportunity to build in an organization to bring all the kinds of people together for 
its long-term health. The existing expertise in modelling irradiation damage, 
structural defects and thermodynamic aspects in the DEN should be valorized and 
disseminated in the other departments, including the fundamental research 
department, in order to associate an engineering approach to a fundamental 
research concern, for the sake of efficiency. 
 
Conclusion 
 
The Visiting Committee thanks CEA for its warm welcome and its general 
hospitality. We congratulate all the team and the team leaders of the reviewed 
divisions for the high quality of the presentation and the very clear documents. The 
Committee was impressed with the experimental installations it saw during the 
visits at the two sites and it appreciates the very interesting discussions on all 
three days. It was a pleasure to review so much interesting work. 
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