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FUSION CHANGES GEAR: THE CONSTRUCTION OF ITER 
 
Fusion research has been highlighted in 2004 as a future crucial contribution to the energy issue. The clear 
decision of Europe to go forward with the construction of ITER in Cadarache is an important political 
message. It should challenge the scientific and industrial community to bundle their effort in order to win the 
complex technological challenge at stake. ITER is the main element of the present fusion roadmap. Without 
being yet the electricity producing machine, it will integrate the different technologies that have been 
developed, and assess the control capability of a burning plasma device up to actual ignition. Together with 
the breeding blanket programme, the material research and the IFMIF testing facility, it will lead the way 
towards the foreseen demonstration power plant. Discussions are ongoing on a fast track option to provide 
commercial electricity production at the mid of the century. The decision on ITER construction questions the 
present organisation of the fusion programme in Europe. It requires specific adaptation inside each 
associated partner, such as SCK•CEN, to evolve from a research driven activity towards a more industrial 
approach, and to orient the on-going work into a real accompanying effort of the ITER initiative in the 
following decades. 
 
THE SCK•CEN CONTRIBUTION TO ITER 
 
The fusion contribution of SCK•CEN relies on several fusion-relevant core competences: wide capabilities in 
high neutron flux material testing, a well-established material research know-how, a recognised position in 
radiation tolerance of instrumentation, an accelerator-driven spallation-source reactor project and a leading 
role in decommissioning and waste disposal issues. The fusion involvement of SCK•CEN is therefore 
articulated around these strong poles and addresses one of the crucial issues for the fusion technological 
development, and ITER in particular: “What is the expected lifetime of materials and equipment under the 
severe radiation environment of a burning plasma environment?” We have the ability to tackle such an 
assessment in a very comprehensive way, taking full use of the BR2 material testing reactor, fully equipped 
hot-cells close by, a wide range of gamma facilities and specialised laboratories capable to handle tritiated 
materials and toxic metals such as beryllium. Our specificity is recognised by the international co-ordination 
role we assume on the performance of new steels under radiation, and the radiation hardening of 
instrumentation.  
 
ITER plasma facing materials 
The first wall of ITER will be made of beryllium. Taking advantage of the availability of highly irradiated 
beryllium from the BR2 matrix, post-irradiation examinations are conducted to study the combined effect of 
radiation and high temperature on the material swelling, creep characteristics and helium release. In 
collaboration with FZK (Karlsruhe, Germany), this allows to validate a radiation effect modelisation of this 
material. The reactivity of beryllium in contact with steam is also studied as a contribution to the safety 
analysis of ITER. In 2004, a new beryllium alloy was particularly studied capable to reduce the production of 
hydrogen in case of a loss of coolant accident (See the contribution on "Chemical Reactivity of Titanium 
Beryllide in Air" in this report). In collaboration with FZJ (Jülich, Germany), a study has been launched on the 
behaviour of different first wall metals (beryllium, tungsten and carbon) under radiation and thermal shocks 
(See the description of this work in the contribution on "PhD Candidates and Postdoctoral Researchers: 
Selection 2004" in this report). This is of particular importance to guarantee the integrity of the first wall in the 
event of plasma disturbances, such as edge localised modes for instance. 
 
The cooling blanket of ITER 
The cooling of the first wall will be insured by a circulation of pressurised water in cooling blanket modules. 
The copper ducts in the blanket will be subject to radiation, corrosion and high stresses. A unique in-situ 
irradiation device developed in collaboration with VTT (Finland) allows analysing in BR2 the combined effect 
of neutron bombardment and mechanical stresses in copper alloys, approaching so more closely the actual 
conditions of the material inside the blanket (See the contribution on "Irradiation of fusion materials" in this 
report). The copper-steel joints form a delicate part of the assembly. Such joints are being assessed under a 
representative neutron fluence to guarantee their reliability during ITER lifetime. Moreover, behind the 
blanket modules, attachment parts in titanium and inconel are also subject to a severe environment. 
Irradiation tests have been conducted on titanium and microstructural analysis of irradiated inconel bolts are 
planned. 
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The ITER breeding test blanket module 
ITER will be used to test the future breeding concept to be used in a power plant. A breeding test blanket 
module is being developed based on helium cooling and a pebble bed approach of lithium silicates and 
beryllium pebbles, inside a structure made of low activation (Eurofer) ferritic martensitic steel. An alternative 
concept is also under study, involving a liquid lithium-lead breeder. The new Eurofer steel is subject to an 
extensive assessment under representative radiation conditions in the BR2 reactor. Its mechanical 
characterisation after a fluence corresponding to the complete ITER operation time is being performed, 
together with the corrosion resistance to liquid metal. As the present experiments do not involve 14 MeV 
fusion neutrons, modelisation work is needed to extrapolate the results to the real ITER conditions. The new 
steel is therefore modelled by a binary alloy Fe-Cr for which a multiscale modelisation approach is applied for 
the radiation effects, ranging from atomic simulation to macroscopic property prediction (See the contribution 
on "In-cascade clustering in Fe-Cr alloys" in this report). Moreover, the higher helium production typical of 
high energy neutron bombardment is simulated in experiments where pre-implanted helium specimens are 
used. In collaboration with IBA, we also evaluate the design of the future 14 Mev neutron material testing 
facility, IFMIF, and in particular its accelerator systems.  
 
Plasma diagnostics for ITER 
Diagnostics systems have been developed on existing tokamaks where no radiation constraints are present. 
ITER sets a particular challenge to these developments by requiring a high radiation tolerance in a severe 
environment. SCK•CEN has focused its work on optical fibres, in order to allow for more flexible optical 
diagnostics. In particular the efficiency of hydrogen treatment as a hardening technique has been studied 
and validated in JET during the recent deuterium-tritium campaign (See the contribution on "Optical fibres for 
fusion plasma diagnostics systems" in this report). The degradation of insulation materials used in several 
diagnostic systems, and in particular the radiation induced parasitic effects appearing in mineral insulated 
cables has been experimentally and theoretically analysed, in order to provide a sound basis for the design 
of the ITER systems (See the contributions on "Fusion ceramic materials and components" and on "In-pile 
instrumentation development" in this report). 
 
Remote handling instrumentation for the maintenance of ITER 
Fusion machines require a more demanding remote handling for their maintenance than fission reactors. 
The successful in-vessel remote maintenance operations at JET have shown the technological maturity of 
this approach. But its extrapolation to ITER will require a substantially higher radiation hardening of all 
sensing systems embarked on the handling units. SCK•CEN coordinates the European efforts in this domain 
and maintains the European database of the related radiation tolerance information. We set also particular 
emphasis on optical multiplexing techniques to alleviate umbilical problems of the handling units (See the 
contribution on "Communication links for fusion reactor maintenance operations" in this report). In 
collaboration with the industry (particularly the Gradel company in Luxemburg), complex mechanical 
components are designed and manufactured for the remote handling prototype machines. 
 
ITER waste management and public acceptability of fusion energy 
The fusion option is particularly attractive for its waste characteristics, in particular for making deep 
geological disposal unnecessary. ITER would be a good test case to validate the needed waste strategy. 
Particular problems are for instance still to be solved, in order to detritiate the generated waste and to cope 
with toxic metals such as beryllium. SCK•CEN helps for instance optimising specific detritiation techniques in 
collaboration with FZK (See the contribution on "Water detritiation: better catalysts for liquid phase catalytic 
exchange" in this report), and studies waste strategy issues such as recycling (See the contribution on 
"Recycling fusion materials" in this report), disposal criteria and conditioning performance. 
The waste problem touches a sensitive aspect of energy production: its acceptation by the public. Socio-
economics aspects are therefore important in this debate, and must be considered with great attention. As 
part of its social science programme, SCK•CEN is evaluating communication aspects with the public. In 
particular, the public opinion around Cadarache as potential ITER site was analysed via focus groups, and 
this study is now extended to a larger basis. 
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