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This document is the executive summary of the full annual report which summarizes activities 
performed by the EURATOM-CEA Association in 2004 within the frame of the European 
Technology Programme  (both  “EFDA” activities and “Underlying Technology” programme). 
The full report is available in the enclosed CD-Rom and on line at 
“http://www-fusion-magnetique.cea.fr“. It does not include keep-in touch activities in the frame 
of the Inertial Confinement Energy program, which are summarized in an annual report issued at 
the EU Commission level. 
 
In this document, activities are sorted out according to the main EFDA topics without taking into 
account the difference between “EFDA” activities and “Underlying Technology” program 
(see the full report for this distinction and a task by task annual reporting; see also APPENDIX: 
content of the full report). 
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Introduction 
 
 
European research on controlled thermonuclear fusion is carried out in an integrated 
program with the objective to propose a safe, clean and economically viable 
energy source. Part of this programme is under the responsibility of the European 
Fusion Development Agreement (EFDA) which provides a framework covering the 
activities in the field of technology (both Next Step and Reactor) and the common 
exploitation of the Joint European Torus (JET). 
 
This document is the executive summary of the full annual report, summarizing 
activities performed by the EURATOM-CEA Association in 2004 within the frame of the 
European Technology Programme (both “EFDA” activities and “Underlying 
Technology” programme). 
 
Three specific CEA operational divisions, located on four sites, are involved in the 
Euratom-CEA fusion technology activities: 
 

• the Nuclear Energy Division (DEN) , for In-vessel component design (first wall, 
divertor, blanket,….), neutronics, structural materials and safety activities, 

• the Technology Research Division (DRT), for activities on materials 
(elaboration, breeding materials) and robotics, 

• the Physical Sciences Direction (DSM), which includes the Controlled Fusion 
Research Department (DRFC) operating Tore Supra and responsible for 
plasma physics, cryoplant and magnet and plasma facing components 
activities.  

 
These activities are also completed by specific R&D collaborations with industry and 
French National Centre for Scientific Research.  
 
 
Progress in fusion technology is constant over the years and this report once again 
highlights a number of important steps that have been accomplished in this domain. 
Euratom-CEA, together with other European Institutions is on the foreground of 
technological advances which are of prime importance for the success of the ITER 
construction. On the longer term, progress in technology will improve the vision of an 
electricity producing reactor and will increase the credibility of fusion energy as a 
genuine energy for the future. The authors and the editors should be commended 
for their dedicated contribution in making this report available. 
 
 
 

M. CHATELIER 
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Physics Integration activities 
 
 
In-situ diagnostics of the plasma facing 
surface is regarded as crucial for fusion 
investigations.  A further development of 
the diagnostics is seen as essential in 
dealing with erosion and deposition in 
nuclear fusion experiments. Within the 
frame of investigations on laser 
detritiation [see page 24], ablation and 
thermal measurements were made and 
analysed. Laser Ablation Optical Emis-
sion Spectroscopy (LA-OES) diagnostics 
(also referred as LIBS - Laser Induced 
Breakdown Spectroscopy) has been 
studied on available graphite samples 
from TEXTOR and Tore Supra. LA-OES is 
applied for quantitative or qualitative 
elemental surface analysis. The analysis 
allows detection of the atomic lines 
emitted by the plasma induced by the 
nanosecond laser pulse interaction with 
the surface. A dedicated laser instal-
lation was developed and implemented 
(figure 1). The installation was used to 
make time resolved spectral measure-
ments on the laser plasma in a 
controlled environment (argon or air). 
The experiments with high and medium 
laser fluence demonstrated the neces-
sity “to homogenise” the laser beam. 
The usable transition wavelengths for 
hydrogen, carbon, and other impurities 
(B, Fe, Si, Cu) were determined. The 
impurity signal detection is interesting for 
co-deposited layer thickness measure-
ments. For LA-OES measurements, a 
sufficiently high laser fluence (10-20 
J/cm2) was required due to the large energy of the upper level transition for 
hydrogen (12 eV) and carbon (7.7 eV). The results of these investigations are 
optimistic for LA-OES applications for a co-deposited layer characterization. On the 
basis of the obtained results, improvements to optimize the LA-OES analytical 
performances for hydrogen content measurement are proposed : two pulse plasma 
re-heating, LA-OES with ultrashort pulses, choice of optimal detection scheme. 
 
Laser Speckle interferometry is also a promising technique for in situ time resolved 
erosion/redeposition measurements. It was shown that at least 2 wavelengths are 
necessary for a tokamak application. In 2003 a new laser device, a Dye pumped by 
a Yag doubled in frequency, has been installed and commissioned. During the year 
2004, experiments on several samples have been performed on this new optical 
bench. 

 
 

Figure 1 : Installation for 
Laser Ablation Optical Emission Spectroscopy (LA-OES) 

studies on graphite tiles characterization - 
The laser is in air in front of the sample surface 
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Measurements on a set of 2 coins, using 
3 wavelengths at 562, 562.05 and 562.8 nm, 
demonstrated that it is possible to measure large 
amplitude depth (2 mm) with a good resolution 
(1 µm). Two-wavelength Speckle interferometry 
experiments on CFC tiles ablated with a ruby laser 
have been performed in order to measure 
thickness and volume on the ablated area. 
Comparison of these results with those obtained 
by microscopy are in very good agreement. 
Experiments at long distance (55 to 145 cm) have 
been also been successfully performed (figure 2). 
These results confirm the possibility to measure 
CFC erosion by means of speckle interferometry. 
Additional laboratory developments are neces-
sary, prior to the installation of a Speckle 
interferometry diagnostic on a tokamak (effects of 
the vibrations..). 
 
In 2004, the Euratom-CEA Association evaluated 
the design of several ITER diagnostic systems in 
order to re-evaluate their performance for the 
most recent analysis of plasma conditions, to 
provide support for the ITER International Team 
(ITER-IT) in the preparation of the relevant ITER 
documentation and costing evaluation. Diagnos-
tic systems concerned are bolometry , polarimetry, motional stark effect (MSE), wide-
angle viewing, calorimetry, q-profile determination, reflectometry and thermo-
graphy. Concerning this last diagnostic, a conceptual design for thermographic 
measurements in the ITER divertor region based on a novel method using optical 
fibres has been performed (figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 : Thermography diagnostic 

system for ITER divertor 
a) 3D side view of optical design 

implanted in the divertor cassette 
b) Passage of inner target viewing 

lines through dome window 

 
 

 
 

Figure 2 : 2D Images of 1€ coin taken 
at a distance of 55 cm (a) and 145 cm 

(b) by Speckle interferometry 

 

 
 

a) 

b) 
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Mirrors used for diagnostic purposes must survive in an extremely hostile environment 
and maintain a good optical performance. The response of metallic mirror samples 
(using ITER candidate materials for first bulk mirrors) to long pulse exposure-erosion 
and re-deposition has been investigated in the tokamak Tore Supra (TS). Three 
different materials have been selected: copper based, stainless steel and mono-
crystalline molybdenum. The long-term plasma exposure experiment of mirror 
samples in Tore Supra (about 1400 plasmas with a cumulative pulse length of 
~26000s) clearly demonstrates that the mirror optical properties were degraded due 
to two opposite processes: (i) deposition of contaminating films (on Mo samples), 
which are, however, difficult to detect on SS and Cu,  (ii) sputtering by CX neutrals 
during plasma operation and especially ions during alternating long lasting 
conditioning procedures. The simultaneous demonstration of the opposite processes, 
such as erosion/contamination-deposition observed during mirror exposure in TS, 
suggests that periods of time when sputtering predominates over deposition (during 
long lasting glow discharge procedures) alternate with periods when deposition 
predominates over sputtering (during plasma operation). Erosion due to physical 
sputtering by ions during glow discharge procedures in TS was important. 
 
The Euratom-CEA Association is involved in the development and the design of the 
first ITER Neutral Beam Test Facility (NBTF). 
 
Four design areas of the NBTF 
have been covered : the general 
infrastructure, the dedicated 
beam line Vessel (figure 4), the 
cryogenic system and the cooling 
system. The general infrastructure 
design was launched early 2004 
and includes the test facility itself 
and the associated auxiliaries 
such as cooling plant, cryoplant 
and forepumping system. The 
study of the experimental hall will 
be completed at the end of 2005.  
 
The development of negative ion 
sources is carried out with the 
KAMABOKO ion source on the 
MANTIS test bed in collaboration 
with JAERI, Japan, who designed 
and supplied the ion source. 
 
During 2004 experiments on MANTIS, the following  adverse effects in long pulse 
operation were found: 

• The negative ion current to the calorimeter is ~50 % of that obtained from 
short pulse operation 

• The caesium “consumption” is up to 1500 times that expected. 
 
These results are partially explained by thermal effects. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 : The NBTF beam line vessel 
and beam source vessel equipped with the beam line 

components and semi-cylindrical cryopumps 

Diagnostic upper flange (9 tons) 

Cryopump (6 tons)  

BL Vessel 
 (47 tons) 

Calorimeter (2.5 tons) 

HV Bushing (19 tons) 

RID (4 tons)  
Neutraliser (14.5 tons) 

Beam Source (26 tons) 

BS Vessel 
 (30 tons) 
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The European concept for a 1 MeV, 40 A 
negative ion based accelerator for the 
neutral beam system on ITER, the SINgle 
GAP, SINGle APerture (SINGAP), is an 
attractive alternative to the ITER 
reference design, the so-called Multi-
Aperture, Multi-Grid (MAMuG) acce-
lerator. A new accelerator, the “ITER-
like” accelerator, has been built in order 
to demonstrate that the beam optics 
required for ITER can be achieved. A 
new ion source has  also been built 
which is fully water cooled to allow 
repetitive pulsing at the required power 
levels. The first experiments have 
confirmed some aspects of the design of 
the new ITER-like accelerator, but not all. 
In particular, some differences between 
simulations and  experiments of the 
beamlets power density distribution are 
not yet understood (figure 5). Further 
experiments and simulations will be 
carried out to under-stand the 
differences between the calculated and 
experimental beam profiles and the 
accelerated current density. 
 
 
 
 
 
 
 
 
Related tasks in the full report: CEFDA01-645, CEFDA03-1129, CEFDA02-1003, CEFDA03-1111, 
CEFDA03-1044, CEFDA03-1047, CEFDA04-1140, TW0-T438-01, TW2-TPDS-DIADEV-D02, TW3-TPP-
ERDIAG,  TW3-THHE-CCGDS1,  TW3-THHI-GTFDS1. 
 
Related Laboratories: DSM/DRFC 

Contact person: 
Clément LAVIRON 
CEA-Cadarache  
13108 St Paul Lez Durance 
Tél. : 33 4 42 25 61 34 
Fax : 33 4 42 25 62 33 
E-mail : clement.lavrion@.cea.fr 

 

 
 

 
 

Figure 5 : Infra red data taken from the back 
of the carbon target for shot 7545 ( 28 A/m2 D-) 

and the calculated power density - 
The two beamlets on the right are vertically 30 mm 

apart (the calculation gives 23 mm) 
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Vessel/In Vessel activities 
 
 
Manufacturing of the ITER Primary First Wall 
(PFW) panel by HIP forming is investigated.  
As none of the previous techniques used 
was fully appropriated for the manu-
facture of the Stainless Steel (SS) panel, a 
new concept with only one water box 
located in the middle of the panel was 
proposed (figure 6). A dummy mock-up, 
named U-Bent tube, was produced to 
validate the manufacturing feasibility 
(figure 7). A new type of SS coolant 
channels was designed and manu-
factured. After the first step of machining, 
needed to get all the parts required for 
the fabrication of the mock-up by solid 
HIP, all the surfaces to be bonded were 
cleaned and the parts were inserted in a 
canister to perform the HIP cycle: diffusion 
welding between 316LN and CuCrZr. A 
second step of machining was realised to 
remove the canister and to perform ultra 
sonic testing. 
 
Dimensional measurements showed that 
the prototype mock-up was deformed 
after the HIP cycle. This deformation 
occurs because the SS back face is 
composed from three different plates and 
powder. This deformation can be avoided 
by using a single plate for the back part of 
the panel or mock-up. Compared to the 
previous technique, the studied manu-
facturing requires a larger number of parts. 
The machining shapes of these parts are 
complex but the number of welds is 
smaller and they are less complicated. This 
achievement demonstrates the manu-
facturing feasibility of a SS/CuCrZr primary 
first wall by solid hipping. This performance 
was confirmed by ultra sonic testing. No 
defects were found. 
 
The properties of materials used for fusion components need to be known in detail by 
designers, by licensing authorities and by materials specialists. A materials database 
is under elaboration on the mechanical and thermal properties of both structural 
and plasma facing materials. This work also covers the ITER Materials Properties 
Handbook update for vacuum vessel materials in general and type 316LN-IG in 
particular. 
 

 
 

Figure 6 : Schematic view 
of the U-Bent tube mock-up 

 
 

 
 

 
 

 
 

Figure 7 : The mock-up manufacturing: 
(a) Coolant channels inserted 

in the CuCrZr plates 
(b) Water box and plates inserted 
in the middle of the bended tubes 

(c) The canister before welding 
(d) The mock-up after the HIP cycle 
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The final construction of the ITER vacuum 
vessel will require a multipass welding 
operation to fully penetrate the entire 60 mm 
thickness. The ITER welding reference process 
is the industrially proven (but slow) multi-pass 
narrow gap TIG method (NGTIG). 
 
In collaboration with BAE Systems, Bristol, UK, 
the Euratom-CEA Association proposes a 
new process, able to weld in a narrow gap 
with the same dimension and with the same 
joint metallurgical quality as that of the 
NGTIG, but with productivity improved by 
several times. It is based on a hybrid laser/TIG 
process called Hybrid Laser Conduction 
Welding (HLCW). A defocused YAG laser 
combined with a TIG torch is used to achieve 
the root pass (figure 8). 
 
For the root pass, the joint geometry currently 
proposed is a single-sided ‘L’ preparation, 
with an open width between 6 and 10mm, 
and a root depth of 4 to 5 mm (figure 9). 
Using a more appropriate double ‘L’ 
geometry, the HLCW process was successful, 
and a full penetration weld (along the weld 
line) was achieved. 
 
For the filling passes, the investigated 
MIG/MAG + YAG process promises to 
increase productivity further. The welding deposit rate lies between 4 and 5 kg/hour 
(more than 8 times better than in the multi-pass narrow gap TIG method). These 
results show that hybrid welding processes are an interesting solution to increase the 
welding productivity, keeping a weld quality similar to that of the TIG process. 
Nevertheless, to adopt these promising welding processes, additional work is 
necessary to validate the hybrid welding in position, to validate their metallurgical 
weldability, to decrease the fumes with the MIG/MAG + YAG process and to 
manage the resulting welding distortions. 
 
 
Related tasks in the full report: CEFDA03-1067, CEFDA03-1091, TW1-TVV-HIP, TW2-TVV-ROBOT, 
TW3-TVM-JOINT, TW3-TVV-DISFREE, TW3-TVV-ROBASS, TW4-TVV-OSWELD 
 
Related Laboratories: 
 
 

DRT/LITEN/DTEN 
Contact person: 
Hélène BURLET 
DRT/LITEN/DTEN/S3ME 
CEA Grenoble 17, rue des Martyrs 
38054 Grenoble Cedex 9 
Tél. : 33 4 38 78 94 96 
Fax : 33 4 38 78 54 79 
E-mail : helene.burlet@.cea.fr 

 
 

 

Figure 8 : View of the Hybrid Laser Conduction 
Welding (HCLW) device using a defocused YAG 

laser and a TIG torch 

 
 

 

Figure 9 : HLCW weld produced in 20mm 
thick 316L with double-sided ‘L’ (see window 

 b) geometry) joint preparation (4mm root depth) 
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Plasma Facing Components activities 
 
 
Up to now several mock-ups of the ITER first wall (a combination of copper alloy as 
heat sink material, stainless steel as structural material and beryllium tiles as armour 
material) were fabricated using HIP and oven brazing technology. The Euratom-CEA 
Association has proposed to evaluate fast brazing and especially induction brazing 
in order to limit the over-temperature exposure of the CuCrZr copper alloy. 
 
To manufacture an ITER first wall mock-
up using this process, two machining 
steps are necessary. The first one is a 
HIP cycle in order to manufacture the 
316/CuCrZr base and the second one 
is the junction between the CuCrZr 
and the beryllium tiles using induction 
brazing. Preliminary induction brazing 
tests were performed in air with 
copper tiles to simulate Be in order to 
validate the final shape of the 
inductor and to validate the para-
meters (temperature and time) of the 
brazing cycle. 
 
The first tests performed in the final 
device under vacuum (figure 10) with 
Be show a great difference with preli-
minary tests. The process parameters 
strongly depend on the materials to 
be brazed and on the environment 
(air/vacuum). The brazing cycle was 
changed to take into account the 
new conditions. After the brazing 
cycles, the coolant channels were 
welded on the mock-up (figure 11). 
The mock-up has been delivered and 
ultrasonic tested. No defects were 
found on all the beryllium copper junctions. 
 

An assessment of the behaviour of PFCs 
under cycling heat loads is essential to 
demonstrate the viability of the 
selected design solutions. In 2004, 
different mock-ups were tested in the 
FE200 facility in Le Creusot. 
 
A CuCrZr heat sink hypervapotron 
armoured with flat tiles of Carbon Fibre 
Composite Sepcarb NS31 (figure 12) 
was manufactured by Plansee AG, 
having the main technological features 
of a TORE SUPRA toroidal limiter finger 

 

 
 

Figure 10 : Brazing equipment 
used in the CEA/Valduc laboratory 

 
 

Figure 11 : ITER first wall mock-up 
brazed with induction processes 

 

 
 

Figure 12 : Hypervapotron armoured 
with CFC  flat tiles mock-up 

Glove bax 
Vacuum vessel 

Poxer
generator

27 mm 

20 

6 
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element: full ITER design specifications were achieved with margins. This result shows 
that the hypervapotron cooling concept is a mature industrial solution for ITER 
divertor plasma facing components. 
 
Two CuCrZr First Wall samples manufactured by two different HIPping routes allowing 
the retention of sufficient mechanical strength with the CuCrZr were tested. The first 
one sustained 1000 cycles at 5 and 7 MW/m² without damage. The second one 
failed after 860 cycles at 7 MW/m². Post-testing metallographic analysis (performed 
by the manufacturer) will allow an optimization of the manufacturing route.  
 

In 2004, work has been 
performed on the optimi-
zation of Be/Cu alloy joints in 
order to demonstrate the 
applicability of the Hot Iso-
static Pressing (HIP) techno-
logies for manufacturing the 
Primary First Wall. A set of 
mock-ups were fabricated for 
thermal fatigue testing in 
Julich (Germany) and in 
Brasimone (Italy). To manu-
facture these mock-ups, 
three steps of machining, two 
HIP cycles and a fast gas 
quenching were necessary. 
The results of ultrasonic 
examinations performed on 

the Cu/Be junctions are satisfactory and no defects were found in the Cu/Be 
interfaces of the mock-ups. The performance of these junctions must be confirmed 
by thermal fatigue heat flux tests. 
 
A study on the detection of bonding defects and acceptance criteria for plasma 
facing components for the ITER divertor vertical target was performed in 2004.  The 
main proposed testing protocol consists in inducing a thermal transient within the 
heat sink structure by an alternating hot/cold water flow. The surface temperature of 
the tiles is monitored by an infrared camera. The transients are then compared with 
those of a reference element; afterwards the maximum difference of temperature – 
called ∆Tref_max – is evaluated for each tile.  The cut-off value is dictated by the risk of 
the occurrence of the critical heat flux and of plasma poisoning by the eroded 
carbon. An acceptance method based on “∆Tref_max” was defined and will be 
assessed by manufacturing and high heat flux testing mock-ups with calibrated 
defects. The same methodology shall be applied for W armoured components. 
However the low emissivity of such material may lead to poor detection. A University 
collaboration is ongoing to develop a tricolor pyroreflectometer technique able of 
measuring in-situ and in real-time the emissivity of such materials. 
 
Fine grain microstructures and particularly nanostructures are expected to present 
enhanced mechanical strength, shock resistance and erosion rates. Work is 
underway with the objective to optimize the preparation of large pieces of dense 
nanostructured silicon carbide (SiC) materials (i.e. with grain sizes smaller than 
100 nm) and to test their mechanical and thermal properties. 

 
 

Figure 13 : 316/CuCrZr/Be mock-ups 
delivered for thermal fatigue heat flux 
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In 2004, the optimization of the preparation of nanostructured SiC by laser pyrolysis is 
ending with very interesting perspectives for future processing studies concerning 
nanostructured ceramics (figure 14). 
 
Densifications rates of 95 % of the theoretical density were obtained for large pieces 
of nanostructured SiC ceramics (grain size well below 100 nm) sintered without 
sintering additives (excepted the native layer of silicon oxide at the surface of the 
grains of SiC nanopowders). Densifications rates of 98 % of the theoretical density 
were also obtained for large 
pieces of nanostructured SiC 
ceramics (grain size below or 
around 100 nm) sintered with 
2 wt. % of sintering additives 
(Al2O3 and Y2O3). Moreover, a 
control of the grain size in the 
ceramic can be achieved 
(from the nanometric to the 
micrometric domain) by 
adjusting post-HIP treatments 
(temperature and time). The 
next step will be in 2005 the 
evaluation of the mechanical 
and thermo-mechanical pro-
perties on the samples 
prepared with and without 
sintering additives. Thermal 
properties will be investigated 
in 2006. 
 
 
 
 
 
 
 
 
 
Related tasks in the full report: CEFDA01-585, CEFDA02-583, CEFDA03-1029, CEFDA03-1031, 
CEFDA04-1146, CEFDA03-1051, CEFDA03-1077, TW0-T508/05, JW0-FT-3.1, UT-VIV/PFC-Damage, 
UT-VIV/PFC-HIP, UT-VIV/PFC-NanoSic UT-VIV/PFC-Pyro 
 
Related Laboratories: 
 

DRT/LITEN/DTEN 
Contact person: 
Hélène BURLET 
DRT/DTEN/S3ME/LMIC 
CEA-Grenoble 
17, rue des Martyrs 
38054 Grenoble Cedex 9 
Tél. : 33 4 38 78 94 96 
Fax : 33 4 38 78 54 79 
E-mail : helene.burlet@.cea.fr 

DSM/DRFC 
Contact person: 
Pascal BAYETTI 
DSM/DRFC/SIPP 
CEA-Cadarache  
13108 St Paul Lez Durance 
Tél. : 33 4 42 25 49 85 
Fax : 33 4 42 25 49 90 
E-mail : pascal.bayetti@.cea.fr 

 

 
 
 

Figure 14 : SiC nanopowders 
manufacturing 

by laser pyrolysis - 
At left, the pyrolysis flame 

at a production rate 
of 0.47 kg/h 
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Remote Handling activities 
 
 
Due to neutron activation, the repair, inspection 
and/or maintenance of the next fusion device 
in-vessel components must be carried out by 
using robotic and Remote Handling (RH) means. 
Different topics are addressed in this field by the 
Euratom-CEA Association, such as the deve-
lopment of specific tools for ITER or the radiation 
tolerance assessment of required electronic 
components in a fusion environment. 
 
The Euratom-CEA Association performs a R&D 
program to demonstrate the feasibility of close 
inspection of the ITER Divertor and first wall. The 
work performed includes the design, manu-
facture and testing of an articulated multi-
purpose tool demonstrator called Articulated 
Inspection Arm (AIA). The main requirements are: 

• a temperature of the vessel during the 
intervention of 120 °C, 

• a vacuum of 10-6 Pa, 

• a desired payload of 10 kg for the process tool, 

• the possibility to operate under magnetic field (option). 
 
The feasibility of this carrier has 
been assessed in 2002 (figure 15). 
A scale one mock-up was 
manufactured and tested in air 
and at room temperature (2003). 
In 2004, a single module 
prototype was manufactured, 
tested in air and at room 
temperature and finally tested 
under ITER relevant conditions at 
Tore Supra. The objectives of the 
tests were to validate the 
principles of the AIA design 
options: performances under “in 
service” and baking conditions in 
terms of functioning, lifetime and 
outgassing. The module was set-
up in a specific vacuum vessel 
(ME60), at the CEA Tore Supra 
facility, that can be baked up to 
230°C under high vacuum 
conditions. Representative loa-
ding was applied (figure 16). 

   

 
Figure 15 : AIA deployment in ITER vacuum 

vessel and design of a single module 

   
 

 
Figure 16 : The ME60 Facility at Tore Supra (up) and 

AIA Prototype module in the ME60 vacuum vessel (bottom) 
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The first test performed on the module concerned the leak detection, which has 
proved the tightness of the boxes in which the electronics, the actuators and the 
sensors are embedded.  Functioning of the system under vacuum and at a working 
temperature of 120°C was verified. The efficiency of the actuators was the same 
than in air at room temperature, the speed being slightly lower. During all the test 
campaign, monitoring of vacuum and of the module outgassing rate were 
recorded. The baking was performed during one week at 200°C.  In parallel, design 
of the storage cask and of the deployment system carrying the AIA system was 
performed. 
 
Following promising first results obtained on the prototype segment, the complete 
AIA robot will be manufactured and a full demonstration of the AIA behaviour and 
reliability is planned on Tore Supra for the next years. 
 
Hydraulic manipulators are candidates for fusion reactor maintenance. Their main 
advantages are their 
large, with respect to 
volume and mass, pay-
load, their reliability and 
their robustness. However, 
due to their force control 
limitations, difficulties 
could occur for precise 
manipulations. Operating 
in a fusion reactor also 
requires a cleanliness level 
that oil hydraulic cannot 
ensure. Pure water hy-
draulics therefore propo-
ses a good alternative and developments are today focusing in this direction.  
Although basic hydraulic elements like pumps, valves, filters, running with pure water, 
are already available on the market, there are not many actuators.  Starting from 
the design of an oil hydraulic actuator, work in close collaboration with IHA 
(University of Tampere) proved the principle of operating a rotary actuator with 
water. In 2004, a mock-up was designed to study both the influence of different 
types of bearings and long-term issues during endurance tests (figure 17). 
Commissioning of the components of the mock–up is finished and the test phase will 
be performed in 2005. 
 
CEA, in collaboration with CYBERNETIX and IFREMER, has developed the advanced 
hydraulic robot MAESTRO. Servo-valves are on the critical path for the change of 
fluid medium. A collaboration between CEA and the manufacturer In-LHC is 
evaluating the feasibility to accommodate the existing design of the oil pressure 
control servo-valve to a prototype running with water. According to simulation results 
and corrosion tests, a new prototype of servo-valve was designed by In-LHC. 
Manufacture and testing of this new product could be performed during 2005. 
 
The radiation tolerance assessment of electronic components is required before their 
use in instrumentation for ITER. The periodic maintenance operations of a future 
fusion reactor will have to be performed in a severe nuclear environment, exposing 
operating tools to estimated total doses at the MGy level and temperatures ranging 
from 50 to 200 °C. 

 
Figure 17 : Water hydraulics rotary actuator test bench 
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In 2004, two printed cards, one for a resolver and framing functions, the other one for 
virtual ground supply and analogic to digital conversion (ADC), were manufactured 
using polyimid material (which is hardened and supports very high temperature). 
A preliminary irradiation campaign (up to 
5 MGy) was achieved at the IRSN facility, 
IRMA, at room temperature. High tempe-
rature tests were also performed. Most of the 
results were very satisfactory, both for the 
resolver and the ADC. The cards were also 
irradiated at the MOL facility in order to 
obtain rapidly high dose levels (up to 10 Mgy, 
figure 18) and provided very contrasted but 
useful results. A significant evolution of the 
current delivered to the prototypes was 
found between the two levels of irradiation. 
Some improvements have been imple-
mented and some components were 
exchanged. A new experiment at the IRSN 
facility with the mechanical test-bed fully 
inserted in the cell was realized. Some failures 
occurred mainly for components with an 
uncompleted renewal but were compen-
sated by direct investigations, voltage 
adjustments and easy recovery. 
 
The well-known method commonly named 
“carrier current principle”, often implemented on consumer applications (home 
control instrumentation using electrical nets, data transfer using phone nets) has also 
proven its capability for data exchange in severe environments and wires number 
limitations protocols. The possibility of using these techniques in a more complex 
situation such as encountered with remote control of maintenance tools of ITER and 
high level of temperature and radiation has been also studied. A mock-up was 
designed and mostly validated at room conditions. Electronic components have 
been selected for their availability under radiation. Radiation and high temperature 
tests will be later scheduled. 
 
 
 
Related tasks in the full report: TW4-TVR-AIA, TW4-TVR-VHMAN, TW4-TVR-Radtol, UT-VIV/AM-
Hydro, UT-VIV/AM-ECIr, UT-VIV/AM-vacuum. 

 
Related Laboratories:  DRT/LIST/DTSI 

Contact person:  
Jean Pierre FRICONNEAU 
DRT/LIST/DTSI/SRSI 
CEA-FAR, BP 6 
F-92265 FONTENAY AUX ROSES CEDEX 
Tél. : 33 1 46 54 89 66 
Fax : 33 1 46 54 75 80 
E-mail : jean.pierre.friconneau@cea.fr 

 

 
Figure 18 : Common irradiation of the resolver 

and conversion before irradiation 
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Magnets structures and Integration activities 
 
 
In this field, the Association task was to 
provide input information for establishing 
the final dimension details of the main 
tokamak complex and cryoplant buildings, 
which are time-critical for ITER construction.  
2004 activities consisted in establishing the 
overall Process Flow and Process Instru-
mentation Diagrams of the ITER cryo-
distribution system, designing a typical Auxi-
liary Cold Box (ACB) for the ITER magnet 
system (TF coils) and updating the 
conceptual design of the Torus Cryopump 
Cold Valve Boxes (CVBs) taking into 
account the 470 K regeneration require-
ments (figure 19). 
 

In 2004, the Euratom-CEA Association was 
involved in the design and fabrication of 
mock-ups for some critical areas of the 
Toroidal Field (TF), Central Solenoid (CS) 
and Poloidal Field (PF) coil windings: TF 
and CS coils helium inlet (figure 20), 
bonded tails at the extremity of the 
windings of the PF coils. Mechanical 
testing at cryogenic temperatures of the 
mock-ups under relevant loads and 
number of cycles will be carried out at FZK 
Karlsruhe and ENEA Brasimone. 

 
The thermohydraulics of cable-in-conduit conductors (CICC) has to be well 
described, to allow proper design of the ITER cryogenic system. The hydraulic 
characterization of a set of different CICC central spirals (figure 21) by pressure drop 
measurements on the OTHELLO test facility has been performed. This analysis led to 
conclude that the smaller diameter spirals (8 mm) present a friction factor about 
twice higher than the old larger ITER spirals (12 mm). An interpolation led to predict 
the friction factor of the new ITER TF CICC spirals design (7 to 9 mm). However, a set 
of spirals much closer to the new ITER spiral design would be very useful for a more 
precise determination of the friction factor 
and could be used for further parametric 
study and the assessment of refined 
theoretical models of the central spiral 
hydraulics. The evaluation of the heat 
transfer coefficient between annular area 
and central channel of ITER CICC was 
performed in the dedicated experimental 
facility HECOL. A steady state model has 
been developed and experimentally 
validated. 

 
 

Figure 19 : CVB for Torus Cryopump 
and Pellet Injection System 

installed in one ITER Port Cells 

 
 

Figure 20 : Design and components 
manufacturing of a TF coil He inlet 

 
Figure 21 : Central spiral samples 
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The Euratom-CEA Association participated in 2004 to the testing of the ITER Poloidal 
Field Conductor Insert Full Size Joint sample (PFIS) in the SULTAN facility at CRPP in 
Villigen. Two campaigns have been devoted to these tests: one for electrical tests 
and the other one for thermohydraulical tests. The first conclusion of these tests is that 
the measured joint electrical resistance exhibits a very high value (10 nΩ), which is far 
above that measured for the PF-FSJS (1.6 nΩ), a NbTi joint sample previously 
developed in Europe. Consequently, the ITER specification (< 2 nΩ) is not met and 
the PFIS joint design is not qualified.  
 
The tests of the TF model coil in 2001 – 
2002 have shown that the performance 
of the Nb3Sn conductor was lower than 
expected. New high performance 
strands have been ordered from 6 
companies to stimulate the deve-
lopment of a new generation of ‘high 
performance’ Nb3Sn superconducting 
strands. Selected laboratories will 
perform the strand qualifications. The 
selection procedure has been 
completed in 2004 with a bench-
marking test on strands from SMI (figure 
22). The CEA test facilities were 
accepted for ITER advanced strands 
qualification. The critical current tests were achieved on the first industrial strand 
(Oxford Instruments) and the remaining are planned for early 2005. 
 
The investigation of the bending strain effect on Nb3Sn strand performances is 
performed in close collaboration with ENEA. A method for imposing a controlled 
bending strain has been defined. The bending will be applied by modifying the 
sample curvature radius on its support mandrel. Two options are possible for bending: 
expansion (radius increase) or reduction (radius decrease). The adapted mandrels 
for heat treatment and for measurements were designed and manufactured. 
 
 
 
Related tasks in the full report: CEFDA03-1015, CEFDA03-1083, CEFDA03-1098, CEFDA03-1120, 
CEFDA04-1127, CEFDA04-1134, TW1-TMC-CODES, TW1-TMS-PFCITE, TW2-TMST-TOSKA, TW3-
TMSC-ELRES,  
 
Related Laboratories: 
 

DSM/DRFC, DSM/DRFMC, DSM/DAPNIA  
Contact person:  
Didier Van Houtte 
DSM/DRFC/STEP 
CEA Cadarache 
13108 St Paul Lez Durance 
Tél. : 33 4 42 25 49 82 
Fax : 33 4 42 25 26 61 
E-mail : didier.van-houtte@.cea.fr 

 
Figure 22 : Micrographic view 

 of the SMI strand cross-section 
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Tritium Breeding Blanket activities 
 
 
The Euratom-CEA Association is the leader for the development of one of the two 
European Test Blanket Modules (TBM) to be tested in ITER.  This TBM is based on the 
Helium Cooled Lithium Lead (HCLL) breeding blanket. 
The 2004 activities mainly concer-
ned the improvement and com-
pletion of the TBM engineering 
design (figure 23). The first design 
step concerned the main struc-
ture, its functional features, the 
manufacturing characteristics 
and the mounting sequence. The 
second step concerned the 
optimization of the design and 
manufacturing of the module as 
well as its integration to the 
supporting frame. 
 
A planning and list of test 
requirements for the qualification 
of the HCLL TBM prior to ITER was 
defined. A preliminary testing 
programme for the HCLL TBMs in 
ITER has been proposed on the 
basis of the foreseen ITER 

scenario and of the TBM testing strategy and mock-
up test objectives. The programme is based on the 
progressive qualification of the various aspects 
(codes validation, instrumentation, measurements 
interpretation) and would end up in an Integral TBM, 
which should integrate all relevant DEMO 
technologies and features. The design of the Integral 
Test Blanket Module has been presented. A 
preliminary TBM manufacturing sequence has been 
performed. The main assembling steps for the 
assembly of the basic components (First Wall, 
Stiffening Plates, Cooling Plates) have been identified 
with their specific requirements (tightness, 
mechanical resistance, etc.) and illustrated with 3D 
drawings. This proposal has been submitted to 
industry expertise intended to evaluate its feasibility 
and the sequence has then been updated, on the 
basis of the industry suggestions. 
 

The manufacturing of HCLL blanket mock-ups is under progress. The subcomponents 
of helium cooled European blankets (HCLL and Helium Cooled Pebble bed – HCPB) 
are difficult to manufacture due to the small size of the cooling channels and the 
complexity of the coolant path. For the stiffening plates, the cooling plates and the 
caps the most promising process is a combination of laser welding and HIP diffusion 
welding. 

 
Figure 23 : Exploded view of the HCLL Test Blanket Module 

with external connections 

 

 
Figure 24 : Von Mises stresses 

distribution  in faulted conditions 
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Acceptable dimensional accuracy but poor 
joint properties are obtained with the two 
steps HIP process. For the first wall, the laser 
weld + HIP process is in principle also 
applicable, however two other processes are 
under development: the first one involves the 
insertion of cold-formed thin tubes between 
two grooved plates, the second one involves 
the use of rectangular tubes. It was shown in 
2003 that bending rectangular tubes does not 
allow to obtain precise dimensions. The 
proposed solution is to manufacture channels 
by welding pieces. In 2004, the development 
of the laser welding procedure, including the 
conception and the fabrication of fixing tools 
as well as the definition of welding para-
meters was made (figure 25). 
 
These different mock-ups as cooling plates will be tested under thermomechanical 
loads representative of blanket running conditions in the DIADEMO facility (figure 26). 

After the design of the helium loop during 2003, 
the manufacturing has been launched and it will 
be ended at the beginning of 2005. 
 
In the frame of the HCPB concept led by Euratom-
FZK, Euratom-CEA is involved in the procurement, 
characterization and optimization for cost reduc-
tion of the Li2TiO3 fabrication process. A new batch 
of 1 kilogram of pebbles with a size distribution in 
the range 0.6 to 0.8 mm was produced in 2004.  
Two kilograms of pebbles were delivered for the 
HE-FUS3 mock-up tests at ENEA and one sample of 
optimized 6Li enriched Li2TiO3 pebbles was 
delivered for the irradiation experiment at NRG. 
 
 
Related tasks in the full report: TW2-TTBB-002b-a-D01, 
TW4-TTBB-005-D01, TW2-TTBC-001-D01, TW2-TTBC-002-
D01, TW2-TTBC-002-D03, TW2-TTBC-005-D01, TW4-TTBC-
001-D01, UT-TBM/BB-He. 
 

Related Laboratories: 
 

DEN/DM2S, DEN/DER, DEN/DTN 
Contact person for design&safety: 
Luciano GIANCARLI 
DEN/CPT 
CEA Saclay 
91191 Gif-sur-Yvette  
Tél. : 33 1 69 08 31 37 
Fax : 33 1 69 08 58 61 
E-mail : luciano.giancarli@cea.fr  

DRT/LITEN/DTEN 
Contact person for manufacturing: 
Hélène Burlet 
DRT/LITEN/DTEN/S3ME 
CEA Grenoble 17, rue des Martyrs 
38054 Grenoble Cedex 9 
Tél. : 33 4 38 78 94 96 
Fax : 33 4 38 78 54 79 
E-mail : helene.burlet@.cea.fr 

 
 

Figure 25 : Manufacturing of U-shape 
rectangular tubes for the TBM first wall: 
view of the mock-up (a), laser welding 
for straight (b) and bends (c) channels 

 

 
 

Figure 26 : Schematic view 
of the DIADEMO PbLi test section 

b) 

a) 

c) 

Test section 

PbLi storage 
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PbLi rectangular 
box 

Cooling P late 
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Structural Material activities 
 
 
The European material fusion programme is mainly dedicated to the development of 
Reduced Activation Ferritic Martensitic (RAFM) steel, the EUROFER. 
 
The irradiation behaviour of EUROFER 97, 
other RAFM steels and advanced ODS 
alloys are studied after irradiation in the 
BOR60 fast reactor at 325°C for high 
doses. For this purpose, two experiments 
are performed: a) ALTAIR irradiation 
(~40 dpa) finished in October 2002 for 
which the corresponding PIE are in 
progress, b) ARBOR 2 irradiation (60-70 
dpa) that will end during 2005. Materials 
reached in ALTAIR a radiation damage 
ranging from 32.5 to 42.3 dpa. As 
expected, all materials harden during 
irradiation, but RAFM steels, and in 
particular EUROFER 97, present the lower 
level of hardening and the higher 
ductility compared to conventional 
9Cr1Mo steels (figure 27). 
 
ODS-Fe-14%Cr-Y2O3 ferritic alloy, having a fine grain structure, display also an 
interesting behaviour as RAFM steels. Profilometry of EUROFER 97pressurised tubes 
and other martensitic steels showed a very low irradiation-creep deformation at 
325°C for doses up to 63 dpa. Charpy tests to establish the energy transition curves 
are in progress and their completion is foreseen in the first half 2005. 
 
The EUROFER weldability is also 
investigated. In 2003 the thermal and 
metallurgical simulation of the TIG 
process has been completed. In 
2004, a laser welding instrumented 
test has been designed and carried 
out (figure 28). A numerical finite 
element thermal simulation of the 
laser welding process has been 
performed considering welding of a 
8 mm EUROFER thick plate. A 
cylindrical heat source with a 
gaussian power density distribution is 
used to represent the power input of 
the laser. The simulated temperatures 
are successfully compared to expe-
rimental measurements. The ultra-
sound controllability of characteristic 
welding junctions of the TBM has 
been demonstrated by considering 
simulations with the expertise software CIVA. 
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Figure 27 : Tensile properties of EUROFER 97, 

9Cr2W RAFM, ODS alloys and 9Cr1Mo conventional 
steels after irradiation at 325°C for a dose up 

to 42.3 dpa. Measurements performed 
at room temperature 

 

 
 

Figure 28 : EUROFER instrumented laser welding test 
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The next step should concern the coupling of the thermo-metallurgical model with 
the mechanical model in order to predict the mechanical effect (distortions and 
residual stresses) of the process by considering a representative mock-up of the TBM.  
 
The assembly of the TBM horizontal cooling EUROFER 
plates to the vertical cooling EUROFER plates has been 
investigated with the continuous wave YAG laser welding 
process. The main difficulties faced with this welding task 
are the low accessibility for the welding torch, the large 
thickness to weld (8 mm), the tolerances (gap) between 
the plates to respect before welding and the welding 
distortions to reduce.  The penetration of 8 mm is obtained 
for a low welding speed (30 cm/min). Metallurgical 
analysis of the EUROFER welds shows the existence of two 
kinds of welding defects: gas pores and hot cracks 
(figure 29). This first result confirms that it is necessary to go 
further in the weldability studies for the TBM configurations: 
to work further on the welding process to find the right 
welding parameters or/and a welding process able to 
weld with no defects in reducing the welding 
deformations. 
 
Modelling of irradiation effects on fusion structural material activities are studied with 
the aim to provide a database at the ab-initio level, i.e. in the framework of the 
Density Functional Theory (DFT), of energies and structures for a set of characteristic 

atomic configurations involving helium atoms 
and vacancies in the α-Fe lattice. The 2004 
results show that the migration energy of 
interstitial He, between two tetrahedral sites, 
is very low: 0.06 eV (figure 30). The interaction 
between interstitial He atoms is attractive, 
with a binding energy of 0.46 eV; this 
attraction is at the origin of the self-trapping 
effect proposed for He in metals. The 
interaction between substitutional He atoms 
is attractive, with a binding energy of 1.15 eV 
at nearest neighbour and 0.74 eV at second 
nearest neighbour. The migration barrier for 
the HeV2 complex has been determined: 1.08 
eV. It is involved in the migration mechanism 
of substitutional He by the vacancy 
mechanism. 

 
Advanced structural materials such as SiC-SiC ceramic composites and tungsten 
alloys are also considered in the frame of the European fusion program. In 2004, the 
work performed to model the mechanical behaviour of advanced 3D SiCf/SiC 
composite was to identify and gather the scale change methods, constitutive laws 
and representative volume elements the most adapted to SiCf/SiC woven 
composites in order to perform their implementation in the finite element code 
CAST3M. 

 
 

Figure 29 : Transverse cross 
sections of the melt run on 

EUROFER plate, 8 mm thickness, 
made  with the YAG laser 

welding process. 

 

Figure 30 : Migration barrier of interstitial He 
in iron. The migration jump, 

between two tetrahedral sites, 
is schematically represented by the arrow 

between the initial site (in black) 
and the final site (in white) ; 

the iron atoms are represented in grey 
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The behaviour of these advanced materials under 
irradiation needs to be addressed. A common irradiation 
(5 dpa equivalent Fe) of SiC-SiC ceramic composites and 
tungsten alloys samples at two temperatures, 1000°C 
and 600-650°C, will be performed in the Osiris reactor at 
CEA-Saclay. The irradiation capsule will be constituted of 
two sections of the same length, one that will work at 
1000°C and the other at 600°C (figure 31). Each section is 
constituted of six baskets to locate the samples. SiC/SiC 
composite specimens occupy four baskets and W- 
samples are distributed in the two others. The main 
concern in the design was related to the temperature 
distribution in the device because the materials 
behaviour is strongly dependent on the irradiation 
temperature. The calculation and drawing of a powerful 
furnace were performed to guarantee the regulation 
and control of specimen temperature during irradiation. 
However, besides the heating system, the temperature 
could be also regulated using a gas flow with an 
adequate thermal conductivity, inside and outside the 
sample holder. According to calculations of thermal 
distribution, a better control and regulation of 
temperature could be achieved using a flowing mixture 
of helium-neon for both internal and external gas circuits. 
Consequently, inside the capsule, samples will be in 
contact with a circulating gas mixture of helium and 
neon. The completion of the design and the installation 
of the gas system are expected to be carried out in the 
first half of 2005. Start-up of the irradiation is foreseen in 
2006. 
 
 
 
Related tasks in the full report: TW2-TTMS-001b-D02, TW2-TTMS-004a-D04, TW2-TTMS-004b-D01, 
TW2-TTMS-004b-D02, TW2-TTMS-005b-D03, TW4-TTMS-005-D01, TW4-TTMS-007-D02, TW3-TTMA-
001-D04, TW3-TTMA-002-D04, TW4-TTMI-001-D01, UT-TBM/MAT-LAM/Opti, UT-TBM/MAT-Modpulse 
 

Related Laboratories: 
 

DEN/DM2S, DEN/DMN 
Contact person for characterization: 
Luciano GIANCARLI 
DEN/CPT 
CEA-Saclay 
91191 Gif-sur-Yvette  
Tél. : 33 1 69 08 31 37 
Fax : 33 1 69 08 58 61 
E-mail : luciano.giancarli@cea.fr 

 

DRT/LITEN/DTEN 
Contact person for manufacturing: 
Hélène Burlet 
DRT/LITEN/DTEN/S3ME 
CEA-Grenoble 
17, rue des Martyrs 
38054 Grenoble Cedex 9 
Tél. : 33 4 38 78 94 96 
Fax : 33 4 38 78 54 79 
E-mail : helene.burlet@.cea.fr 

 
 

 
 
 
 
 
 

 
 

Figure 31 : Scheme of one 
irradiation temperature 

section constituted by six 
baskets for the distribution of 
different types of specimens 

Basket 

Sample 

Sample 
holder 
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Safety and Environment activities 
 
 
Within the frame of the validation of the codes used for the safety assessment of ITER 
or future fusion power plants,  the experimental validation of the PACTITER code is 
under progress. The PACTITER code, an adaptation of the PACTOLE code developed 
for the Pressurized Water Reactor, 
has been used for predicting the 
Activated Corrosion Products activities 
in the various Primary Heat Transfer 
Systems or Tokamak Water Cooling 
Systems (TWCS). Experiments have 
been performed in 2001 in the 
CORELE loop to test the capability of 
PACTITER V2 to reproduce measured 
release rates (figure 32). However, 
some experimental artifacts have 
appeared during this test campaign 
and shed a doubt on the relevance 
of the obtained results. An expertise 
of the loop and different enhan-
cements have been made in 2002-
2003. A new test campaign has 
been performed in 2004 in the new 
CORELE-2 loop to definitely deter-
mine release rates of 316L under ITER 
TCWS operating conditions. 
SS316L(N)IG tubes manufactured 
using industrial processes have been 
activated in the OSIRIS reactor and connected to the main circuit of the CORELE 
loop for temperature and fluid velocity ranging from 100 to 150°C and from 1 to 4 
m/s, respectively. The results are in agreement with those obtained in 2001, thus 
validating the functioning of the facility. The global release rate is almost weak at 
100°C (< 3 mg/dm²/month) and becomes higher at 150°C (>22 mg/dm²/month). 
Furthermore, the higher the fluid velocity the smaller the release. Finally two types of 
mass transfer limitations can be put forward in order to interpret the 2001 and 2004 
experiments: 
 

1. the thermally activated solid diffusion of oxygen in a chromite barrier which 
reduces the potential source of release by corrosion, 

2. the hydraulic diffusion which depends solely on Reynolds number instead of 
the velocity. 

 
New tests in CORELE under new operating ITER conditions involving higher 
temperatures have to be planned in order to assess the existence and to measure 
the energy of activation of the global release rate and would help to complete the 
PACTITER V3 code. 
 
In the framework of fusion waste management, detritiation processes could allow 
the waste level to be reduced. Studies have been performed to determine different 
processes that could be used for tritium removal from housekeeping materials 
(mainly plastics), vacuum oil and organic liquids. 

 
 

Figure 32 : View of the Corelle facility : 
The exchangers (a) and the 2 test sections 

with their biological lead shielding(b) 

(a) 

(b) 
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If chemical processes are used (leaching with hot water at 100°C, leaching with hot 
nitric acid, leaching with hot soda, …), the extraction rate is around 70% for 
housekeeping materials and not higher than 50 % for oil. If a full mineralization under 
oxygen (25 bars) in a digester is used, all the organic and oil structure are burned 
and destroyed. In this case, all the materials are burned and 100% of the tritium is 
trapped in the bubbles and rinsed water of the mineralization system as tritiated 
water. 
 
In order to limit the tritium inventory 
inside the vacuum vessel of fusion 
devices, in-situ laser detritiation 
processes of plasma-facing com-
ponents are studied. In 2004, a 
special device (vacuum chambers 
and sealed cells) was made to 
study laser heating and ablation in 
controlled environmental condi-
tions and also to collect ejected 
matter and gases for their 
subsequent analysis. 
 
Different analytical methods were 
applied and tested for co-
deposited layer and graphite 
surface characterization. Ablation 
thresholds for different metals (Cu, Al, Fe, Zn, Ni, Mo) were determined 
experimentally. A theoretical model of high repetition laser heating of a complex 
surface (graphite or metal with co-deposited layer) was developed to explain the 
experimental results and to obtain optimization of laser detritiation. The obtained 
optimal conditions (high pulse repetition regime, 2 J/cm2, ablation rate) were 
applied for laser cleaning of a 1 cm2 co-deposited layer on a TEXTOR graphite tile 
without any damage of the graphite substrate. The co-deposited layer of 50 µm 
thickness was almost completely removed with a single scanning of a 10x10 cm2 
surface during two seconds (figure 33). Thus, with a laser of 20W average power, it 
was possible to clean a 0.2 m2 co-deposited layer of 50 µm thickness within one hour. 
With 100 W average power, it will be possible to clean a 1 m2 co-deposited layer 
during the same time (one hour).  
 
 
Related tasks in the full report: SEA5-1, TW1-TSW-002, TW3-TSS-SEA5.3, TW3-TSW-002, TW4-TSS-
SEA5.5-D02&D05, TW4-TSS-SEA5.5-D11, JW3-FT-2.15-D01, JW3-FT-2.15-D02, JW4-FT-3.19, UT-S&E-
LASER/DEC, UT-S&E-LiPbwater 
 
Related Laboratories: 
 
 

 

DEN/DPC, DEN/DER  
Contact person 
Luciano GIANCARLI 
DEN/CPT 
CEA Saclay 
91191 Gif-sur-Yvette  
Tél. : 33 1 69 08 31 37 
Fax : 33 1 69 08 58 61 
E-mail : luciano.giancarli@cea.fr 

 

 
 

Figure 33 : TexTor tile with co-deposited layer of 50 µm thickness 
Interaction parameters: laser fluence: 2 J/cm2, laser mean 

power: 20 W, high repetition rate:  20 kHz, air 1 bar, scanned 
zones of 10 mm x10 mm for 2 sec 
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System Study activities 
 
 
The European Power Plant 
Conceptual Study (PPCS) was 
launched in january 2000. Its 
objectives are to assist in assessing 
the fusion energy status and in 
establishing coherence and prio-
rities in the EU fusion program. One 
of the reactor models, the model 
AB, is based on a Helium-Cooled 
Lithium-Lead (HCLL) blanket. In 
2004, the activities on this concept 
were focused on: 

i) the definition of the blanket 
segmentation and attachments, 

ii) the breeding blanket connec-
tions and maintenance, 

iii) the shielding design, available 
divertor concepts integration, 

iv) the external circuits and com-
ponents definition, 

v) the efficiency evaluation. 
 
The model AB reactor (figure 34) is a suitable near term fusion power reactor able to 
supply 1.5 GWe to the grid with a gross efficiency of 43.7%. Because of the high 
pumping power required by He-cooled systems, the net efficiency is reduced to 
about 35%. The HCLL blanket allows to achieve a TBR of 1.13 and the choice of 
appropriate shielding design guarantees the required coils protection. Tritium 
management remains a critical issue for this kind of blanket and future studies are 
strongly recommended in this field. The MHD pressure drops are estimated to be 
acceptable and could be further reduced with some design improvements. A lateral 
attachment system is proposed avoiding the passage of the connecting tools trough 
the modules, thus avoiding complex FW and internal design. This attachment system 
could, in principle, be adopted for the other PPCS models. It appears from the study 
that pipes location and connection, pipes re-weldability and modules attachment 
could be improved if a new maintenance scheme was adopted, based on small 
modules fixed to a common back wall and segment vertical maintenance.  
 
Related tasks in the full report: TW2-TRP-PPCS15-D03, TW4-TRP-002-D02b, TW4-TRP-002-D04 
 
Related Laboratories: 
 
 

 

DEN/DER, DEN/DM2S  
Contact person 
Luciano GIANCARLI 
DEN/CPT 
CEA-Saclay 
91191 Gif-sur-Yvette  
Tél. : 33 1 69 08 31 37 
Fax : 33 1 69 08 58 61 
E-mail : luciano.giancarli@cea.fr 

 
Figure 34 : Vertical section of the PPCS model AB 
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ITER Site Preparation 
 
 
The ITER site preparation is performed within the framework of the European ITER Site 
Studies (EISS). These studies have their own steering process with regular meetings 
and exchange of information with EFDA and the European Commission. In 2004, 
36 deliverables covering all items on the critical path, with an emphasis on the 
licensing schedule, have been issued. 
 
The first version of the main 
technical document in sup-
port of the Safety Authority’s 
instruction, the “Rapport Préli-
minaire de Sûreté” is almost 
completed. Nevertheless, a 
strong enhancement will be 
necessary once the generic 
design will be adapted to the 
specificities of Cadarache. 
The writing of this document is 
supported by many studies, 
performed at European level. 
The R&D needs to complete 
the writing of the RPrS have 
been identified.  
 
An interim issue of the file of the Public Debate has been sent to the Commission 
Nationale du Débat Public in july 2004 and different actions concerning public 
information have been realised (movie, 1/500th model of ITER… figure 35). 
 
Concerning In-Fence Studies, the technical specification for the “First office building” 
is ready. The site drawings have been updated and a survey of the hydrogeology 
which will be used to design the draining system has been performed. 
 
The studies concerning the transport of the ITER components (ecological survey, 
characterization of the bridges…) have been continued with the goal to transmit the 
files to the “Direction Départementale de l’Équipement” (DDE) in charge of the 
detailed studies and of the realisation of the work on the roads. Detailed profiles of 
the roads have been realised with calculation and 3D visualisation of the crossings. 
 
The EISS team also contributes to the Regional Steering Committee, under the 
responsibility of the Préfet (housing, education, transport, economy and industry…). 
 
Related tasks in the full report:  CEFDA03-1069, CEFDA03-1082, CEFDA04-1161, TW4-TES-
COLABA 
 
Related Laboratories: 
 
 

 

DSM/DRFC/Dir 
Contact person:  
Pascal GARIN 
CEA Cadarache 
13108 St Paul Lez Durance 
Tél. : 33 4 42 25 45 43 
Fax : 33 4 42 25 21 24 
E-mail : pascal.garin@.cea.fr 

 
 

Figure 35 : Picture, extracted from the film 
“ITER, une étoile en Terre de Provence” 

ITER Site 

Tore Supra Site 
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