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INTRODUCTION

European research on controlled thermonucleartusicarried out in an integrated programme withdbjective to develop a
safe, clean and economically viable energy soureet of this programme is under the responsibdftyhe European Fusion
Development Agreement (EFDA) which provides a framework covering theities in the field of technology (both Next Step
and Reactor) and the collective use of the Joinbfean Torus (JET).

This annual report summarizes activities perforimgthe Euratom-CEA Association in 2005 within tharfie of the European
Technology Programme (both “EFDA” activities andnterlying Technology” programme). It does notluie keep-in

touch activities in the frame of Inertial ConfinemeEnergy, reported in a specific issue performedtie European
Commission.

This full report is also available on line ahttp://imww-fusion-magnetique.cea.fr “. In each section, the tasks are sorted out
according to the EFDA main fields : Physics (TRjessel/In-Vessel (TV), Magnets (TM), Tritium Brendiand Materials
(TT), Safety and Environment (TS), System StudigR)( JET technology activities (TJ),... The EuratofBACAssociation is
involved in all these topics (figure 1).

» Euratom-CEA activities carried out in the fiel@Hysics Integration” are mainly linked to the lon Cyclotron Range of
Frequencies (ICRF) Antenna developments and tadéwelopment of diagnostic components. In particutancerning
diagnostic design for ITER port integration hasrbstidied (see cover).

» Plasma Facing Component (PFC) developments, Vaslagsel/Blanket activities and Remote handling stsidire carried

out inside the field Vessel/In-Vessel”. The Vacuum Vessel (VV) studies have mainly femisat welding techniques
(hybrid MIG/Laser), and at qualification of inspiect methods along the Vacuum Vessel intersectod wel
On the PFC side, investigations have been perfoonematerial knowledge (CuCrZr creep-fatigue stsidiesutron effects
on material properties of CFC), development andnapation of Be/CuCrZr joining techniques (HIP), dastudies
dedicated to the divertor (Carbon Erosion Modellifigst of Divertor components in FE200).
The Euratom-CEA Association has also pursued itPRgogram to demonstrate the feasibility of clasgpection of the
ITER Divertor cassettes and Vacuum Vessel FirstlWdde work performed in Remote Handling has beediahted to
improvement of our knowledge on radiation tolemraf electronic components for RH, and to the paogrcalled
Articulated Inspection Arm (AlA). In 2005 this pragn included improvement of the knowledge of thegls module of
the AIA built in 2004, and start of manufacturinigtioe other modules of the whole arm.

> In the field ‘Magnets’, Euratom-CEA Association has devoted a major péits effort to the studies of advancedsSh
strands for the Toroidal Field (TF) coils, and fivet full size conductor sample was manufacturede Euratom-CEA
Association has also been involved in cryogenitstea ITER magnet structural metals where, in taolfation with FZK,
thermal test bench and measurement procedures, &7&kand room temperature have been upgradechgmaved.
On a long term approach, the Euratom-CEA Assoaciatias also launched investigations on the possiée of High
Temperature Superconductor (HTS) for the futurefuseactors.

» The Field Tritium Breeding and Materials’ includes for a large part reactor relevant atigi. Within the frame of Test
Blanket Module (TBM), activities mainly concerneaketimprovement and completion of the TBM enginegriesign.
After a first design step in which the main struetuits functional features, its mounting sequeand manufacturing
characteristics were defined, the second stegdan the optimization of the design and manufaojuof the module as
well as its integration to the supporting frameplanning and list of test requirements for the dicakion of the HCLL
TBM was defined. A preliminary testing programme fioe HCLL TBMs in ITER has been proposed on theidaf the
foreseen ITER scenario and of the TBM testing sgy&nd mock-ups test objectives. Manufacturingetgvant mock-ups
are still under progress.

Within the frame of the Helium Cooled Pebble BedC@B) concept programmes, studies about the developof
Li,TiO3 pebbles are on going. The main objective of 208&Ewwas to improve the shape of thgTliO; pebbles has been
successfully achieved. For this, several batchel)6fgrams of LiTiO; pebbles with the size distribution in the rangé O.
to 0.8 mm have been produced and a revision ofatmeulation of the extrusion paste (binder and jid&=er content) has
been necessary.

Euratom-CEA maintained significant involvement Ire tdevelopment of structural materials for a fugieactor, mainly
focused at EUROFER in Europe, a reduced activatiartensitic steel, from elaboration (internal oxida method has
been investigated), to irradiation effects (Neutiwadiation to 70 dpa at 325°C conducted in theRBO reactor of the
Russian Research Institute of Atomic Reactors),modelling of irradiation effect (using Ab-initio @kt energy
calculations or multi-scale modelling experimentalidation by comparison with experimental irraiiatin Jannus),
without forgetting qualification of fabrication press (tubing process qualification, as well as alglity of homogeneous
plate or dissimilar tubes with YAG laser).


http://www-fusion-magnetique.cea.fr

> “Safety and Environment” studies realized by Euratom-CEA cover differeartp of this topic such as investigation on
possible concrete detritition methods, cryogenipeginent on the CEA EVITA facility (in the case ah accidental
sequence of coolant ingress into the cryostat)e ael/elopment and validation : on safety studiehyaitogen mitigation
and dust explosion in the vaccum vessel or on ptiedi of activated corrosion products activitideBACTITER Code, for
which validation efforts have been carried on.

> Activities in the field ‘System studies’ are dedicated to the Power Plant Conceptual Bsu@®PCS). In 2005, activities
were dedicated to the reactor model AB, based ¢telaum-Cooled Lithium-Lead (HCLL) blanket, espetyabn the
subject of tritium control and management analyaigl on comparison of concepts from the point efwof segmentation
and maintenance.

» Activities carried out in the FieldJET
technology” are devoted to the study of
different processes which can be used fi
tritium removal from carbon materials (a
strong effort has been made on a progra
of laser detritiation associated to remot
handling), “Housekeeping” materials,
vacuum oil and organic liquids. 2005
activities have also been devoted to th
plasma facing component thermo
mechanical modelling, and to the JET
diagnostics and divertor enhancement.

Three specific operational divisions of the
CEA, located on four sites (see appendix 5
are involved in the Euratom-CEA fusion
activities:

» the Nuclear Energy Division (DEN) , for
In-vessel component design (first wall
divertor, blanket, ...), neutronics, structura

materials and safety activities, TP : Physics TE : ITER Site Preparation and
TV : Vessel/In-Vessel activities devoted to ITER future
» the Technology Research Division (DRT), TM : Magnets construction in Cadarache
for activites dedicated to materials T Uiﬂum IBfeeding and D : EeSign Support and
: : : aterials rocurement
(elabpratlon, breeding materials) and TS : Safety and Environment TJ : JET Technology
robotics, TR : System studies TH : Heating Systems

» the Material Sciences Division (DSM), Technology Project

which includes the Controlled Fusion

Research Department (DRFC) operating EFDA : European Fusion Development Agreement pragra
Tore Supra and responsible for plasma uT : Underlying Technology program

physics, cryoplant and magnet and plasma

facing component activities. Figure 1 : breakdown of the work carried out by Field

The Euratom-CEA programme in Technology is also meted by specific R&D collaborations with industrythe fields of
safety (Technicatome) and with the French Nati@ettre for Scientific Research (CNRS) in the Plagimeing Component
activities.

Progress in fusion technology is constant overytdas and this report once again highlights a nurabanportant steps that
have been accomplished in this domain. Euratom-Ctegether with other European Institutions is oe forefront of
technological advances which are of prime imporaioc the success of the ITER construction. Oridhger term, progress in
technology will improve the vision of an electriciproducing reactor and will increase the credipibf fusion energy as a
genuine energy for the future. The authors ancti®rs should be commended for their dedicatedritartion in making this
report available.

M. CHATELIER
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