


Activity report of the Association Euratom-CEA: fusion technology 2007-2008, executive summary 

FUSION TECHNOLOGY 
 

2007-2008  
Activity Report of the  

Association EURATOM-CEA 
 
 

(Executive summary) 
 
 
 
 

Compiled by : F. LABASSÉ 
 
 
 
 
 
 
 

ASSOCIATION EURATOM-CEA 
CEA/DSM/IRFM 

Centre de Cadarache 
13108 Saint-Paul-Lez-Durance, France 

 
     Tel. :  33 - 4 42 25 46 59 
     Fax  :  33 - 4 42 25 64 21 
     e-mail :  dirirfm@cea.fr 
     Web  :  http://www-fusion-magnetique.cea.fr 

 
 
 

This report and the full report are also available on-line at: 
 http://www-fusion-magnetique.cea.fr 

 
 
 

This work, supported by the European Communities under the contract of Association between EURATOM and CEA, 
was carried out within the framework of the European Fusion Development Agreement. The views and opinions 

expressed herein do not necessarily reflect those of the European Commission 
  
 

Cover: AIA project; CEA development under EFDA workprogramme of a long reach carrier for in-vessel 
interventions under tokamak ultra high vacuum and temperature conditions. In September 2008, complete 
demonstration on Tore Supra facility with inner components close inspections and no vessel pollution was 
performed. This device is ITER-relevant for mini-invasive interventions between pulses required for exploitation 
and due to the fact that no human intervention will be possible in the tore. In view of future applications, 
developments of new diagnostics and tools such as vision, leak localisation, surface analysis, diagnostics 
calibration… are under progress. 
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This document is the executive summary of the full report which summarizes activities 
performed by the EURATOM-CEA Association in 2007-2008 within the frame of the European 

Technology Programme (“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 
 

In this document, activities are sorted out according to the main technical topics. 
(see the full report for the distinction between the different programmes 

and a task by task reporting). 
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Introduction 
 
 
European research on controlled thermonuclear fusion is carried out in an 
integrated programme with the objective to develop a safe and economically 
viable energy source. Part of this programme is driven through 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 
collective use of the Joint European Torus (JET). Since 2008, Fusion for Energy (F4E) 
has been in charge of the ITER R&D programme whereas the “New” EFDA deals 
with the European Fusion Physics programme plus long term developments. 
 
This document is the executive summary of the full report, summarizing activities 
performed by the EURATOM-CEA Association in 2007-2008 within the frame of the 
European Technology Programme (“EFDA” activities and “Underlying Technology” 
programme). Activities reported here are the continuation of activities 
implemented in 2006 and 2007. Due to the re-organisation of the European Fusion 
Institutions in 2008 and the late implementation of the 2008 european programme, 
tasks implemented in 2008 under new EFDA are not reported. 
 
Four 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 dedicated to materials 
(elaboration, assembly) and robotics, 

• the Physical Sciences Division (DSM), which includes the Institute for 
Magnetic Fusion Research (IRFM) operating Tore Supra and responsible for 
plasma physics, cryoplant, magnets and plasma facing component 
activities, 

• the Life Sciences Division (DSV), for activities related to the impact of tritium 
contamination on staff. 

 
These activities also include specific R&D collaborations done by the French 
National Centre for Scientific Research (CNRS), Grenoble Institute of Technology, 
and Industry. 
 
Progress in fusion technology is built over the years and this report once again 
highlights a number of important steps that have been accomplished in many 
domains. CEA, together with other European Institutions is on the forefront of 
technological advances which are of prime importance for the success of the ITER 
construction. The new phase in which its implementation is at stake will need an 
increased focusing and will be achieved through a new organisation within 
Europe, mainly through european consortia and alliances, in relation with F4E. On 
the longer term, progress in technology will gradually improve our vision of an 
electricity producing reactor and should increase the credibility of fusion energy as 
a genuine solution for energy production for the future. The authors and the editors 
should be commended for their dedicated contribution in making this report 
available. 
 

Gabriel MARBACH 
Head of research Unit of the Association Euratom-CEA 
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Plasma Edge and Plasma Wall Interaction 
 
 
2007-2008 Euratom-CEA activities in this field were mainly devoted to dust 
generation processes and measurements techniques and several tasks have been 
under investigation, such as : 
- Dust generation mechanisms using model crosschecked with dusty plasma 
reactor or analog to models used to predict dust generation during laser ablation; 
- Assessment of all the techniques that can be used for dust measurements and 
removal in the frame of the ITER machine; 
- Development of dust in suspension measurements using laser extinction 
diagnostic; 
- Development of dust in situ measurements using an electrostatic detector 
developed with C Skinner (USA, PPPL); 
- ELMs mitigation by resonant magnetic perturbation in order to avoid high erosion 
processes. 
 
Among these activities, a significant one is the 
integration of an electrostatic dust detector in Tore 
Supra, considered for end of 2009. This technique, 
developed by PPPL, USA is based on two closely 
interlocking grids (Figure 1) of conductive traces 
on a circuit board that are biased at 30-50 V. 
When conductive particles land on the energized 
grid, a transient short circuit occurs and this current 
pulse can be easily detected by standard nuclear 
counting electronics. After the short circuit, the 
particles vaporize in a few seconds restoring the 
previous voltage standoff. 
 

 
Figure 1: Electrostatic detector. In the 
active region the width of the trace is 
25 µm and the trace spacing is 25 µm. 

The scale bar corresponds to 500 µm 
 

Tore Supra (TS) is an actively cooled machine and the installation of the 
electrostatic grid inside the vacuum chamber appears difficult. After discussion 
with Charles Skinner from PPPL, it was proposed to look at potential locations in the 
LPT (Limiteur Pompé Toroidal) pumping ducts in order to detect dust transported to 
this remote area far from the plasma. The pumping ducts are situated between 
the LPT and turbo molecular pumps. In Figure 2, a drawing of one duct is 
presented. 
 

 
 

Figure 2: Design of TS pumping dust 
 

The pumping ducts are in TS basement and have 
thus a relatively easy access. There are such 
pumping ducts in the 6 sectors of TS. The parts 
indicated as A in figure 2 are grids designed to 
collect debris, filings, etc to protect the pump 
situated at the bottom of the ducts. It is proposed 
to fix the detector on the grid at the lower flange 
(A). 
 
In order to validate the area selection, micro 
particles sampling has been performed in 2008 
during the Tore Supra shutdown in 3 different 
sectors on the lower and upper grids. Dust was 
collected and analysed by Scanning Electronic 
Microscope (SEM) support (see Figure 3).  
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Figure 3: Sampling on Q2B lower flange with a special SEM support (in red circle). 
SEM analysis Carbon flake between 40 and 100µm. 

 
Modified flanges equipped with 
electrostatic detectors (a mosaic of 
grids has been chosen) have been 
fabricated (see Figure 4) and will be 
installed on Tore Supra during the 2009 
shutdown. These detectors are 
supposed to give first dust 
measurements during the next Tore 
Supra campaign starting end of 2009. 
 

. 
  Figure 4: Final design of the Tore Supra detector. The 

new flange and the set of detectors can be seen 
 
Another diagnostic under development at CEA is dedicated to optical 
characterisation of dust in suspension. The technique used is based on laser 
extinction as it can be seen in Figure 5 that represents a sketch of the proposed 
apparatus. 
 
Development of ITER relevant Optical 
Particle Characterization (OPC) 
techniques, during plasma 
shutdowns, is nevertheless not a trivial 
task due to i) limited and difficult 
optical accesses, large distances, 
vibrations, magnetic field strength; ii) 
expected complexity and variety of 
dusts shapes: homogeneous and 
layered spheres, cauliflower shapes 
and flakes, fibres or nanotubes; iii) 
the lack of data on dust composition 
and the optical properties of mixed 
materials; iv) large size distribution 
range expected for dusts (with 
diameter D=10nm to 10µm), 
presence of large flakes (10µm to 
few millimeters) which should 
nevertheless rapidly deposit in case 
of an air ingress for instance. 
 

 
 

Figure5:  Sketch of the various light extinction 
spectrometer setups 

 

 

5 



Activity report of the Association Euratom-CEA: fusion technology 2007-2008, executive summary 

Optical diagnoses of dust size distribution and concentration require an accurate 
modelling of their scattering properties. Different numerical and theoretical tools 
have been developed within this activity in order to predict the various scattering 
properties of dust encountered in tokamak, and to inverse the Fredholm integral 
obtained with collective optical sizing techniques (extinction, diffraction, 
polarization, etc.) see Figure 6. 
 

 
Figure 6:  Schematic of the numerical tools developed to predict the scattering properties of dusts 

 
All these numerical as well as experimental tests undertaken on laboratory loop 
have confirmed the interest to develop an on-line optical characterization 
technique based on the principle of the Light Extinction Spectrometry. 
 
 
Related tasks in the full report:  
CEFDA05-1336, CEFDA07-1700-1578, TW6-TPP-BETUNCOD-D01b, TW6-TPP-DUSMEAS-D01a, 
TW6-TPP-DUSTGEN-D01, TW6-TPP-DUSTGEN-D02b, TW6-TSS-SEA5-1, UT-S&E-DUST-Suspension 
 
 
Related Laboratories: DSM/IRFM 

Contact person: 
Christian GRISOLIA 
CEA-Cadarache  
F-13108 Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 43 78 
Fax : 33 4 42 25 44 90 
E-mail : christian.grisolia@cea.fr 
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Heating & Current Drive and Diagnostics activities 
 
 
Euratom-CEA activities carried out within this field have mainly been dedicated to 
ICRH antenna design studies for heating, integration studies inside the port-plug for 
diagnostics, and also in-situ divertor thermography. 
 
Concerning ICRH antenna, one of the main studies dealt with the Faraday shield 
design, which is one of the critical components. It is the main plasma-facing 
component for the antenna and must withstand the same heat loads and 
disruption effects as the first wall. It shields the inner parts of the antenna from 
particles, polarizes the IC wave and prevents the electrostatic field on the current 
strap from coupling to the plasma. In addition, heat loads from RF losses had to be 
taken into acount. The objectives of the work presented here were: first, to 
propose a Faraday Shield (FS) design able to withstand heat loads and disruption 
forces expected in the ITER burning-plasma environment, then, to investigate 
possible alternative designs, in particular of a more optically closed FS and finally, 
to develop a detailed plan to fabricate and test a FS element. 
 
A preliminary modular design of a faraday shield for ITER ICRH antenna is 
presented here. This design is based on the mechanical structure of the antenna 
with internal matching. The antenna is an assembly of 6 individual modules which 
are inserted in a port plug (2 horizontal x 3 vertical, see Figure 1). The design of the 
6 modules is globally identical except the front part (faraday shield) and back 
sections (connections to the stubs). 
 

A/               B/  
Figure 1: A/ Assembly of the front module in the port plug (lateral plate not shown)  

            B/ Faraday shield module 
 
The faraday shield is also modular: each antenna module has an elementary 
faraday shield which is assembled onto it. The faraday shield module is based on a 
steel casing (hereafter called the “shield casing”). The shield casing holds the 
straps and bring the cooling into the antenna internal conductor, and also holds 
the plasma facing components of the individual modules, the bars. This structural 
part is shared between the antenna and the faraday shield and thus acts as an 
interface between them. A specific structure, the frame, comes as a superstructure 
to protect the port-plug and the utilities attached onto it. The frame is attached to 
the port-plug from the sides and water fed by it. 
 
Modules and frame are protected from the plasma by plasma facing components 
(the bars). A faraday shield module needs 18 bars: 9 bars in front of the left straps 
and 9 on the right. Water has to go and come back within each bar, according to 
the design constraints. The cross section needs to be sufficient to have two 
channels.  
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An arrangement side by side 
appears preferable, while an 
arrangement top/bottom 
would lead to thicker bars, 
which would put the straps 
further from the plasma. The 
design stems from the design 
heat flux on the bars, and the 
principle should follow the 
same as the first wall. 

 
Figure 2: Exploded view of a faraday shield bar 

 
For a surface heat flux of 1-2 MW/m², the bars are a medium heat flux component, 
closer to the first wall than to high heat flux components, like the start-up limiter. 
Therefore, there is no need to use high conductivity material for the cooling 
channel, and stainless steel tubes should suffice. These stainless steel tubes cooling 
channels could be TIG/MIG welded to the structure, so that no material interface 
crossed by the water had to be joined by HIP.  
 
The temperature is modeled in the bar for 2 MW/m² and with the following coolant 
parameters: inlet temperature 100°C, inlet pressure 3 MPa. The vertical symmetry is 
used so that only a half bar is modeled. The maximum surface temperature is 
425°C. The stresses and strains caused by the differential thermal expansion 
between the different materials are evaluated in a faraday shield bar. Two steps 
are evaluated: 
1 - Cooling from 800°C to 20°C 
2 - Heating by a heat flux of 2 MW/m² (including the residual stress obtained during 
step 1.) 
2D modelling is used, in generalised plain strains. 
The stress caused by the thermal dilatation is evaluated for a mean surface heat 
flux of 1 MW/m². 
In this model, beryllium is not present, because it should not influence the stresses 
(because of the castellations, beryllium tiles bring almost no additional stiffness). 
 

A/        B/    

1 MW/m² 
though the 
Be/CuCrZr 
interface 

Temperature Max 
on CuCrZr : 240 °C 

 
 

Figure 3: A/ Temperature map on the bar 
B/ Von Mises stress in the bar connection to the casing 

 
Von Mises stress across the connection varies from 150 to 350 MPa (Figure 3B). 
These values are a correct first finite element modeling, consistent with initial 
evaluation of 600 MPa (pure shear in a cylinder at 1 MW/m²). Optimization will 
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allow increasing the margin with respect to 3 SM values (440 MPa at 150°C). The 
calculation shows basically that a 350 mm bar is possible, but that a bar with 
double the length is likely to be highly constrained and subject to cycle fatigue. 
 
A faraday shield design was then proposed for the ITER ICRH antenna. The main 
plasma facing element is a bar, whose design is based on the technology of the 
ITER first wall panels (sandwich of stainless steel, copper chromium and zirconium 
and beryllium with a stainless steel water liner). The bar is joined by Hot Isostatic 
Pressing (HIP), and the water tightness is ensured by TIG welds. A first assessment of 
the peak beryllium temperature gives 425°C, providing a good margin for resisting 
the ELMs. The bar is clamped on both sides, to avoid a sliding bond or an electrical 
connection close to the plasma. This feature is unique to these plasma facing 
components, while wall or divertor components allow for thermal expansion 
through sliding bonds or pinning. Thermo-mechanical analysis gives reasonable 
elongation amplitude during cycling (0.1 to 0.25%), which means that the fatigue 
would be acceptable. 
 
Concerning diagnostics systems, 
several key functions are 
mandatory, such as protection of 
the device, input to plasma 
control systems and evaluation of 
the plasma performance. These 
diagnostics systems are to be 
integrated inside the vacuum 
vessel of ITER by means of water 
cooled stainless steal structure 
(60t, 2x2x2m3) named port-plug 
structure. This structure must 
perform basic functions such as 
providing neutron and gamma 
shielding, supporting the first wall 
armour and shielding blanket 

 

3507 mm 

1708 mm

2160 mm

 
Figure 4: Spread view of the equatorial port plug n°1 

material, closing the vacuum vessel ports, supporting the diagnostic equipment 
(see figure 4). 
 
In support to design activities directly related to individual diagnostic procurement 
package integrated into the port-plug structure, CEA was in charge of the 
following topics: diagnostic port-plug procurement, diagnostic port-plug 
engineering and integration. For the port-plug diagnostic procurement, CEA 
reviewed the procurement method used for the Toroid Magnet of the Atlas 
detector and also the recommendations for the equatorial port-plug made by 
UKAEA, mainly in the areas of licencing, reliability and availability criteria, risk and 
quality insurance. CEA also contributed to several equatorial port plug engineering 
tasks such as identification of the calculation rules that should be applied for the 
design of the port-plug, the review of CATIA methodologies followed by ITER 
engineers. It also performed mechanical studies which validate the proposed 
version of the shield module equatorial port-plug structure. For the diagnostic 
integration, a preliminary study of the Diagnostic Shield Module (DSM) was done 
based on mechanical behaviour including the baking conditions. A first approach 
of the remote strategy for the maintenance of DSM was also proposed. This work 
shows a first approach of DSM maintenance and should be followed by more 
detailed work in the next coming years. Finally an assessment of the transfer cask 
system was made in order to give a better specification of this maintenance 
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system. All these studies have the objective to ensure a better level of reliability of 
the transfer operations but also to clarify the port-plug main interfaces. 
 
The monitoring of the divertor temperature by thermography is also a crucial 
feature. The temperature of the divertor target plates needs to be evaluated to 
avoid damage. Power deposition is subject of physics studies in ITER. These aims 
require to measure surface temperatures over a large temperature range (200°C-
3600°C) with high spatial resolution (3 mm) and high temporal resolution (2 ms in 
the range 200°C-1000°C, 20 μs above 1000°C). This can not be provided by the 
Infrared (IR) instruments in the port plugs but requires an IR diagnostic inside the 
divertor cassette such an optical system has been designed and implemented in 
the frame of this work (see figure 5). 

 
Other studies are ongoing at CEA 
concerning infrared thermography. 
Whereas infrared thermography is 
widely applied for the temperature 
measurements, the method suffers 
certain disadvantages. The 
measurements are perturbed by the 
surrounding thermal radiations 
(reflected by the surface), and the 
measured temperatures depend on 
the surface emissivity. To obtain the 
reliable temperature measurements, 
the reflected thermal radiation should 
be avoided, and the surface emissivity 
should also be known. 

 
 

Figure 5: Optical design of the divertor 
thermography diagnostics 

 
 

To overcome these thermography drawbacks, a new method was under CEA 
experimental investigations. Two pyrometers at a close, but different wavelengths 
were applied. The experimental set-up was developed and manufactured to 
verify the feasibility. This method is not affected either by the reflected photons flux 
or the surface emissivity. It was shown that the ratio curve f(T) may be determined 
with the pyrometers calibration curves if geometrical, optical and/or electrical 
data of experimental set-up are not available. The error of the temperature 
measurements by two pyrometers ratio curve method was less than 10%. The 
method was proved to be suitable for the temperature measurements in tokamak. 
The developed conceptual design of an active infrared thermography diagnostics 
was also proved to be suitable for in-situ measurements on the JET. 
 
Related tasks in the full report:  
CEFDA05-1271, CEFDA05-1329, CEFDA06-1386, CEFDA06-1409, CEFDA06-1420, 
CEFDA06-1429, CEFDA06-1438-PP1, CEFDA06-1438-PP11, CEFDA06-1438-PP21, 
CEFDA06-1438-PP22, CEFDA07-1700-1556, CEFDA07-1700-1572, JW6-FT-3.36, JW6-FT-3.37, 
TW5-TPDC-IRRCER-D03, TW6-THHN-ASD3, TW6-TPDS-DIADEV-D05d 
 
Related Laboratories: DSM/IRFM 

Contact person: 
Xavier LITAUDON 
CEA-Cadarache  
F-13108 Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 61 34 
Fax : 33 4 42 25 62 33 
E-mail : xavier.litaudon@cea.fr 
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Vessel/In Vessel activities 
 
 
Activities in this field during 2007-2008 mainly focused on the following topics: 
improvement of assembly (welding) of the vaccum vessel (VV) sectors together 
with the necessary associated inspection/control methods of joints and ITER 
Materials Properties Handbook files for Type 316L(N) steel weld metals and joints. 
 
Concerning assembly methods, studies 
focused on an innovative hybrid arc/laser 
welding for the VV sectors. It was shown that 
this joining method can be an effective 
method over the traditional ones (especially 
Narrow Gap TIG welding) with minimal 
distortions, high productivity and high quality of 
welds. However, this process, already qualified 
in industry for one pass welding had to be 
qualified for multi-pass mode, which is needed 
for ITER VV sector assembly, due to the high 
thickness of VV. Study aimed at resolving the 
following issues: development of the process 
until industrialisation, lack of real industrial tools on the market, start and stop of 
welding, corner joint procedure and position welding. CEA developed a welding 
tool, manufactured a representative 316LN cylindrical mock-up and 
characterisation of this mock-up under RCCMR code was performed. Hybrid 
welding means the coupling of the energy of two different energy sources into a 
common process zone. This means that laser beam and arc interact 
simultaneously in the same region (plasma and weld pool) and mutually influence 
the accomplishment of welded joint (Figure 1). The increase of penetration and 
hence welding speed come from this synergetic effect. 

 
Figure 1: Configuration of laser beam and arc-
welding electrode in laser-arc hybrid process 

Hot cracking 
occurred during 
the first tests and 
the process had 
to be adapted 
to reduce 
stresses (width 
and depth of 
the chamfer, 

chemical composition of the filler metal, etc…). For all parameters and details on 
the welding process, see the full report. Finally, optimistic results from weld cross 
sections (Figure 3) with no hot cracking were obtained and RCCMR qualification 
for the cylindrical mock-up was achieved. So, it can be said that the CEA study 
showed that this process 
could become with further 
complementary studies an 
appropriate welding 
process for the ITER VV 
sectors, even in comparison 
with the Narrow Gap TIG 
welding process, which 
stays today the reference 
process.  

 
 

Figure 2 : Hybrid effect 

Figure 3: Hybrid welding on 50mm depth chamfer 
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Leak detection and localisation 
is an identified issue during ITER 
VV construction, due to the size 
of the vessel and the high 
constraints on the acceptable 
leak rate. So, among the 
inspection methods studies at 
CEA during the reporting 
period, we choose to focus on 
those based on laser 
techniques. First, a review of the 
ITER constraints together with a 
bibliographical study of the 
existing techniques was carried 
out. Then, the most promising 
method, i.e. the so-called 
Optical Feedback – Cavity 

Enhanced Absorption Spectroscopy (OF-CEAS) was chosen as the most suitable 
regarding ITER constraints. This technique is a highly sensitive version of optical 
absorption technique. Portable and cost effective instruments are available. An 
experimental set-up was undertaken (Figure 4) in collaboration with Grenoble 
University to demonstate the ability to detect a micro-leak down to the 10-8-10-9 
mbar.l/s range. The experimental set-up consists in coupling a detector to a leak 
generation system. The minimum leak detected was 4·10-9 mbar.l/s within 40s. 
Methane was used as a trace gas for convenience but results in sensitivity and 
response time could be improved by using another trace gas, for instance 
acetylene, which is not present in the air and is in agreement with ITER 
requirements. Sensitivity would be then 3 orders of magnitude better by replacing 
helium mass spectrometry in a sniffing configuration by this OF-CEAS laser 
technique. 

Figure 4: CEA experimental set-up: OF-CEAS based methane 
detector (right), coupled to the leak generation system (left). 

 

 
The constitution of ITER Materials Properties Handbook (MPH) was undertaken in 
1993 to provide ITER designers a unique source of data on properties of materials 
and welds, especially in order to satisfy ITER licensing needs. In the MPH, data from 
existing codes are identified, compared to those of additional recommendations 
issued from present studies. In the existing codes, determination of properties for 
the weld metals are mainly deduced from those of the base materials, by 
application of “knock-down” factors. Contribution from CEA to this MPH was 
pursued in 2007-2008 on weld metals after base material for purpose of giving 
additional data, compared to those of existing codes (RCCMR, ASME, etc…). 
New input data from CEA studies were obtained through dedicated experiments 
or new analyses of existing data. 
 
Related tasks in the full report:  
CEFDA04-1202, CEFDA06-1477, CEFDA06-1482, CEFDA07-1700-1542, CEFDA07-1700-1623, 
TW6-TVM-Braze, TW6-TVM-LEAK, TW6-TVV-STORVS, UT-VIV/VV-Hybrid-Modeli 
 
Related Laboratories: 
 
 

DRT/LITEN/DTH/LTH 
Contact person: 
Hélène BURLET 
CEA-Grenoble  17, rue des Martyrs 
F-38054 Grenoble Cedex 9 
Tel. : 33 4 38 78 94 96 
Fax : 33 4 38 78 54 79 
E-mail : helene.burlet@cea.fr 
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Plasma Facing Components activities 
 
 
 
The CEA Plasma Facing Components (PFC) activities were focused in 2007-2008 on 
three main topics which are : heterogeneous joining (Hot Isostatic Pressing - HIP) 
for Be//CuCrZr and CuCrZr//SS, acceptance criteria studies for the ITER divertor, 
and SATIR infrared thermography test-bed (upgrade & tests campains). 
 
According to the ITER design requirements, HIP is known as the most suitable 
process for heterogeneous joining of the PFC. Activities were pursued during 2007-
2008 for Be//CuCrZr and also CuCrZr//SS bonds for the purpose to get a more 
industrialised and more reliable process in regard of the ITER constraints in terms of 
heat flux and neutron load and fluence. In particular, studies concerned 
preventing the formation of brittle interlayers between Be and CuCrZr during the 
HIP diffusion welding process. Such 
brittle interlayers could significantly 
decrease the performance joint under 
high heat flux. Several materials were 
tested as interlayers. To assess their 
metallurgical compatibility with Be, 
selected interlayer materials were 
coated on Be tiles. Then, they were 
heat treated so that this treatment 
represents a standard HIP cycle. 
Analyses by X-ray diffraction showed 
that Cr and refractory metals were the 
most suitable interlayers due to the 
fact that they do not react with Be. 
Following these observations, several 
Be/CuCrZr joints were manufactured 
with the selected materials as 
interlayers. Mechanical tests are underway. Their results will allow selecting the best 
interlayer. The influence of the thickness layer on the stress at interface was also 
studied. Other studies concerned degreasing improvement of Be tiles required 
before HIP assembly. 

 
Figure1 : Photograph of a shear test performed 

on a Be/CuCrZr joint 

 
The use of HIP technique as a fabrication technique to obtain near net shape 
metallic pieces by densification of metallic powders was also assessed. 
 
Another important issue for the CEA studies on the Plasma Facing Components is 
the  contribution to the definition and methods for the acceptance criteria for the 
ITER divertor. Of course, conventional Non Destructive Techniques, such as 
ultrasonic inspection, infrared thermography and high heat flux tests are to be 
used and one can find in the full report detailed information on the corresponding 
CEA studies. Moreover, combination of these techniques and especially of the 
data obtained with each of these techniques, through the data merging method, 
can provide a significant improvement for the localization of the defects and the 
definition of their contour shape. This has been showed with a dedicated study 
combining in a common referential the data from ultrasonic and infrared 
thermography tests inspections on ITER CFC monoblocks machined with calibrated 
defects. 
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Among all the Non 
Destructive Techniques for the 
ITER PFC acceptance, CEA is 
strongly involved in active 
infrared thermography by 
internal thermal excitation, 
which is recognized as a 
technique available today for 
improving quality control of 
many materials and structures 
involved in heat transfer. An 
infrared thermography test 
bed named SATIR (Station 
Acquisition Traitement 
InfraRouge) has been 
developed by CEA in order to 
evaluate the manufacturing 
process quality of actively water-cooled high heat flux plasma facing 
components. Initially developped for Tore Supra components, the facility was 
upgraded for compatibility with the ITER PFC requirements: increased capacity 
heating sources, water buffer tank to avoid pressure fluctuations, improved 
feeding pumps, scale inhibitor, improved hot and cold water lines, improved 
cooling unit, installation of a PLC to replace the relay control… 

 
Figure 2 : SATIR graphic interface of programmable logic controller. 
PLC was installed to replace the relay control, due the high number 

of servo-hydraulic devices to control 

In a second step, validation of the upgraded test bed has been conducted: new 
flow rate increased significantly the sensitivity of the SATIR diagnostic, with a better 
definition of defect contour and the improved water heating power allowed to 
decrease the requested test time by a factor of 2. 
 
In order to prepare ITER divertor procurement, each party was preliminary  
requested to demonstrate its capability to manufacture and qualify the divertor 
PFC components. This has been successfully achieved for the european partner 
via the successful manufacturing by European industry and testing of medium-size 
“qualification prototypes” made of CFC monoblocks. In particular, upgraded 
SATIR demonstrated its ability to qualify PFC components in a configuration fully 
representative of ITER conditions through test campaigns carried out on ITER 
vertical targets prototypes made of CFC monoblocks HIP joined to CuCrZr tubes. 
 
Related tasks in the full report: 
CEFDA05-1248, CEFDA05-1257, CEFDA05-1293, CEFDA05-1308, CEFDA05-1309, CEFDA06-
1372, CEFDA06-1373, CEFDA06-1401, CEFDA06-1411, CEFDA06-1422, CEFDA07-1700-1617, 
CEFDA07-1700-1622, TW5-TVM-COMADA, UT-VIV/PFC-HIP, UT-VIV/PFC-Hypervapotron 
 
Related Laboratories: 
 

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

DSM/IRFM 
Contact person: 
Philippe MAGAUD 
DSM/IRFM/SIPP 
CEA-Cadarache  
F-13108 Saint-Paul-Lez-Durance 
Tel. : 33 4 42 25 43 08 
Fax : 33 4 42 25 49 90 
E-mail : philippe.magaud@cea.fr 
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Remote Handling activities 
 
 
In ITER and future fusion reactors, 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. 
 
Most of CEA activities in 2007-2008 were devoted to the so-called Articulated 
Inspection Arm (AIA) Project.  
 
The aim of this R&D program is to demonstrate the feasibility of close inspection of 
the Divertor Cassettes and the Vacuum Vessel first wall of a Tokamak with a long 
reach multi-link and limited payload carrier.  
 
The work performed includes the design, manufacture and testing of the 
articulated device demonstrator.  
The AIA has to fulfill the following specifications: 

- Elevation: +/- 45 ° range, 
- Rotation: +/- 90 ° range, 
- Robot total length: 7.4 meters, 
- Admissible payload: 10 Kg, 
- Temperature: 200 °C during baking / 120 °C under working, 
- Pressure: 9.7·10-6 Pa / Ultra high vacuum. 

 
The manufacture of the complete AIA robot, including the deployer and the 
storage cask was achieved in 2006 and so was the inspection process by  video 
means. 2007 and 2008 were dedicated to the procurement, manufacture, and 
complete tests of the AIA. 

 
The tests of the AIA were carried out in four main steps: 
 
Early 2007, final prototype qualification under ITER relevant vacuum and 
temperature conditions: this test campaign, carried out in the CEA/IRFM ME60 
facility, was a significant step in the project : the entire prototype and also the set 
of components and technologies developed and selected since the beginning of 
the project were qualified for operations under vacuum and temperature 
conditions. 
 

 
Figure 1: Test campaign on the ITER relevant module under real functioning conditions 
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Mid 2007, deployment under 
atmospheric conditions in TS scale one 
mock-up of the complete AIA Remote 
Handling equipment including the long 
reach multi link and limited payload 
carrier, the deployment trolley system 
supported by a precise guiding system, 
the storage cask and the video 
process. 
 

  
Figures 2 and 3: Training on Tore Supra scale one mock-up 

 
In late 2007, integration on Tore Supra of the complete equipment and especially 
integration of the storage cask upon the dedicated port of the Tore Supra 
tokamak. 
 

During 2008, complete successful demonstration on 
the Tore Supra tokamak with inner components 
close inspections and no-vessel pollution was 
performed.  
 
Now, developments of new diagnostics and tools
such as vision, leak localisation, surface analysis,
diagnostics calibration… are under progress. 
 
AIA Project has been performed to meet
requirements in term of availability for tokamak 
maintenance and in-vessel components inspection. 
 
 
Figure 4: View of the AIA arm inspecting with the video process the Tore 
Supra  vacuum vessel under pressure and temperature tokamak 
operation conditions. 

 
 
Another subject of CEA R&D within the RH field was Hydraulic Technology. This 
technology can provide powerful actuators in small volumes. This is an interesting 
technology followed by our Association in order to build heavy duty manipulators 
for maintenance operations in space constrained areas. Because of potential 
leaks, oil hydraulic cannot be used for maintenance operations in ITER. Pure water 
hydraulics proposes a good alternative to oil. 
During 2007-2008 R&D focused on the proposal of an innovative design for an 
hydraulic actuator. This design includes the following specifications : fluid 
transmission through the system during de/reployment phases of the telescopic 
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joint and not only during stops; no hydraulic hoses; compact system to limit weight 
inertia and size of linear joint; counteracting forces balanced within the system to 
avoid any displacement when the pressure is high. 
 
The reference design of the actuator can be shown on Figure 5.  In this system the 
fluid under pressure enters in the left or right side of the jack. During extension 
phase of this passive element:  

- Volume of chamber 1 increases, 
- Volume of chamber 2 decreases, 
- Fluid from chamber 2 is transferred towards chamber 1 through the 

pathway drilled into the blue piston of the system, 
- Air enters through the holes in the backside of the outer cylinder. 

If diameter of all elements are such that section S1 and S2 are equivalent, the 
length of the system is changed without any variation of the fluid volume.  
 

 
Figure 5: Reference design of the innovative actuator 

 
A test rig was then manufactured to qualify this design and first performance 
analysis in position control were proposed. Position measurement needs 
improvements to overcome limitations in the tuning of the control loop and to 
provide a speed signal compatible with ‘force control’ loop. It is proposed to 
investigate the possibility to introduce data fusion procedures between two distinct 
sensors to reach the requested quality level. Future work will focus on the 
implementation and test of a force control loop after the definition of a model for 
the whole system. 
 
Related tasks in the full report: 
UT-VIV/AM-AIA, TW5-TVR-WHMAN 

 
Related Laboratories:  DRT/LIST/DTSI 

Contact person:  
Yvan MEASSON 
DRT/LIST/DTSI/SRI 
CEA-FAR, BP 6 
F-92265 Fontenay-aux-Roses Cedex 
Tel. : 33 1 46 54 97 19 
Fax : 33 1 46 54 89 80 
E-mail : yvan.measson@cea.fr 
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Magnets Structure and Cryogenics activities 
 
 
In 2007-2008, The Association Euratom-CEA has been involved in several activities 
in the field of Magnets structure and cryogenics activities. Among these activities, 
CEA carried out two significant actions: Final acceptance tests for the ITER Poloidal 
Field Coil Insert (PFCI) and Sultan Tests of the Toroidal Field Model Coil (TFMC).  
 
During the reporting period, the ITER Poloidal Field Conductor Insert (PFCI) was 
under final acceptance at Tesla Engineering (UK). CEA was involved in its 
performance evaluation. The work done at CEA was focused on DC conductor 
and joint performance with respect to strand properties, ramp rate limitation 
during pulse current operation, conductor and joint AC losses estimated by 
calorimetry, joint magnetization under field pulse, conductor stability, and 
mechanical analysis during cool-down and operation. 

 
The PFCI is a single-layer wound solenoid using a 45 meter long ITER type NbTi 
conductor. An intermediate joint connects the main winding to a second piece of 
the same conductor, which is called the upper bus bar. The Intermediate Joint (IJ) 
was fabricated according to the so-called overlap shaking-hand concept as 
foreseen for the ITER PF coils with the purpose to test the behaviour of a joint under 
relevant ITER PF operating conditions. The PFCI was designed by EFDA and 
fabricated by Tesla, under supervision of EFDA. The cable (including the NbTi 
strand) was produced in Russia and jacketed at Ansaldo Superconduttori, Italy.  
The PFCI is well instrumented as well from the thermal-hydraulic point of view as 
from the electromagnetic point of view. The coil was positioned for testing in the 
bore of the ITER Central Solenoid Model Coil (CSMC) facility at JAEA in Naka 
(Japan). The CSMC provided the background field (6 T nominal) whereas the 
operating current of 45 kA nominal added a significant non-uniform contribution 
across the cable cross section, as in a real coil. 
 
Estimations of the conductor performance (current sharing temperature TCS at 
10μV/m) from strand properties were performed by using the dedicated tool at 
CEA which allows to compute the average electric field in the cable cross section, 
taking into account the magnetic field map. In a first step the current distribution 
among the 1440 superconducting strands of the cable was assumed to be 
uniform. Also of interest is the TCS of any strand located at peak magnetic field 
(called TCS(BMAX)). 
 
Figure 1 shows an example of the 
computed and measured electric fields vs. 
temperature. For currents above 25 kA, 
the critical electric field criterion (10μV/m) 
could not be reached stably and 
therefore only the quench temperature 
(TQ) could be defined. These results rather 
suggest that the current distribution 
among the strands was not fully uniform, 
indeed some simulations using a simple 
model developed at CEA tend to show 
that a non-uniformity of ± 45% could 
explain the experimental results, when 
assuming the temperature measurement 
to be perfect. 

 
Figure 1: Computed (calc) and measured (exp) 

electric field vs. temp. in “run 45-1”. 
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During the whole experiment, only one run was entirely dedicated to the testing of 
the PF Insert under pulsed current condition. This ramp-rate test was performed at 
300 kA/min (= 5 kA/s) during “run 148-01”. In addition, another ramp-rate limitation 
(RRL) was observed during a cyclic test at “run 58-01”. During both runs, the PF 
Insert quenched prematurely compared to its DC performance. The transition was 
identified to start at about 30 kA in both runs although with quite different 
operating temperatures. Results are reported in Table I. 
 

Table I: Pulsed and DC properties at 30 kA for runs 148-01, 58-01 and 59-01 

Run 148-01 58-01 59-01 
Quench yes yes no 
BMAX (T) 8.27 8.30 7.91 
Top (K) 5.01 4.32 4.42 

TCS(BMAX) 5.34 5.32 5.52 
Ic(BMAX) 53.8 171.3 201.1 

 
The PFCI conductor Alternative Current (AC) losses were measured under a fast 
magnetic field discharge produced by the CSMC. Each run consisted in a CSMC 
exponential dump from 4 T, with τdump ~ 5.7 s and IPFCI = 0 kA. Such a run was 
performed regularly during the conductor mechanical cycling. The conductor AC 
losses were estimated by calorimetry. The results are summed up in Figure 2 as 
“initial” and “final” points according to the time reference chosen. One can see in 
this figure the increase of the losses with cycling (the runs correspond to cycles  0, 
430, 1700, 2800, 4000, 4002, and 9000), while the sudden decrease corresponds to 
a run performed after a quench of the conductor. 
 
The AC losses of the PFCI joint under a pulse magnetic field produced by the 
CSMC were estimated both by calorimetry and by magnetization. The 
magnetization technique makes use of two pick-up coils oriented along the coil 
radial and axial directions, each of them is compensated from the main magnetic 
flux by subtracting the flux of a compensating coil. 
The magnetization pick-ups have allowed to observe clear “flux jumps” on both 
axial and radial magnetization loops (see Figure 3). These flux jumps (i.e. fast 
relaxation of the magnetization during the cycle) are likely produced by local 
quenches of overloaded strands carrying high coupling and/or circulating 
currents. 
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Figure 2: AC losses estimations in PFCI conductor 

19 



Activity report of the Association Euratom-CEA: fusion technology 2007-2008, executive summary 

 
As a conclusion, the PFCI was 
tested in the CSMC facility at JAEA, 
Naka (Japan) in summer 2008. The 
results of the Direct Current tests 
have been found very promising in 
terms of current sharing 
temperature (TCS) or quench 
temperature (Tquench) of the 
conductor, with a performance 
close to the one of the strand at 
maximum magnetic field in the 
cable. Although this good result 
does not exclude some possible 
uneven current distribution among 
strands (petals), the final result 
shows that the performance of 
such a conductor in a coil is not 
much affected by the joint quality.  
 

 
 

Figure 3: Successive flux jumps on joint magnetization 
loops (trapezoidal field pulse) 

 
The pressure drop through the PFCI conductor looks in line with already tested 
conductors (such as the TFMC one) and with models already developed. The 
stability test of the conductor showed lower performance than computed for the 
ITER PF equivalent conductors, but the accuracy on the measurement of the 
deposited energy is not fully assessed. Last, the mechanical behaviour of the coil 
during cool-down and energizing was found consistent with the computation by 
mechanical models. 
 
In 2005-2006, four full-size conductors had been tested in the SULTAN facility at 
CRPP Villigen (Switzerland). They were based on the Toroidal Field Model Coil 
conductor reference design but using qualified ‘advanced’ Nb3Sn strands coming 
from four European companies: OST, EAS, OKSC (Luvata Pori, Finland), and OCSI 
(Luvata Italy). After a first analysis presented in 2006, CEA launched in 2007 a 
reassessment of the performance of the old TFAS1 and TFAS2 conductors (TFMC 
design) with respect to the ITER TF conductor, including the fourth TFAS1 test 
campaign performed end of 2006. CEA also participated in 2007 in the retest of 
TFAS1 with soldered joints (5th test campaign) as well as in the tests of TFPRO1 and 
TFPRO2. The tests were also performed in SULTAN. CEA contributed to the reduction 
of the experimental data, to the extensive analysis of the DC test results with 
regard to the properties of the strand composing the tested conductors, and to 
the analysis of the conductor AC losses.  
 
TFPRO1 and TFPRO2, as all the big SULTAN samples, are composed of two straight 
conductor legs connected together at one end through an electrical joint and 
having each at the other end a terminal joint to connect the sample to the facility 
transformer. The four conductor legs are based on the ITER TF layout #1 conductor 
design (see Figure 4) but each of them has its own peculiar features. The common 
cabling pattern is: ((2s/c+1Cu)x3x5x5+core)x6, with a core made of 3x4 pure Cu 
strands. The diameter of all the strands is 0.815±0.005 mm. Except for the s/c strand, 
the differences between the conductors lie in the cable void fraction and the 
cabling twist pitches; the closest to the ITER TF layout #1 design is TFPRO1-EAS1. 
Whereas the TFPRO1 conductors makes use of the same EAS strand, the TFPRO2 
made use of slightly different OST strands (OST2 being the same as in TFAS1). 
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The new four European TF conductors for ITER tested in 
2007 have shown much better performance than the 
previous conductors tested in 2005-2006, particularly 
with a current sharing temperature TCS above the ITER 
specification. Since the same Nb3Sn strands were used 
in the old (TFAS1 and TFAS2) and the new conductors, 
this improvement of performance has to be related only 
to the change in the cable structure. 
 

Figure 4: Cross-section of TFPRO1-EAS1 (Courtesy of ENEA) 
 

 

 
For all but one conductors the reasons for this improvement are still under 
investigation and could lie in the sum of slight improvements leading to a better 
mechanical support of the strands inside the cable, such as better shaped 
subcables, smaller spiral, longer last cabling twist pitches. For one conductor, the 
improvement can be associated with the increase of the first cabling twist pitches, 
as predicted by the TEMLOP code developed at the University of Twente 
(Nederlands). However, even for this conductor, the exceptionally high measured 
TCS cannot be explained without considering a low thermal strain in the Nb3Sn 
filaments which a priori cannot be related to the change of the cable structure. 
 
 
Related tasks in the full report: 
CEFDA04-1127, CEFDA04-1170, CEFDA05-1370, CEFDA06-1515, CEFDA06-1521, 
CEFDA07-1700-1603, CEFDA07-1700-1606, TW1-TMS-PFCITE, TW5-TMSF-HTSPER, 
TW6-TMSC-FSTEST 
 
 
Related Laboratories: 
 

DSM/IRFM, DSM/INAC, DSM/IRFU 
Contact person: 
Daniel CIAZYNSKI 
DSM/IRFM/STEP 
CEA-Cadarache 
F-13108 Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 42 18 
Fax : 33 4 42 25 26 61 
E-mail : daniel.ciazynski@cea.fr 
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Tritium Breeding Blanket activities 
 
 
The Euratom-CEA Association leads 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 concept (Figure 1). Euratom-CEA 
involves in R&D, from design to manufacturing process and safety studies. The TBMs 
are composed of the following subcomponents: first wall, stiffening plates, caps 
and breeder units. All these components are cooled with helium thanks to 
embedded channels.  The structural material is a reduced activation ferritic 
martensitic steel (Eurofer).  

Tie Rod 

Electric strap 

Flexible attachment 

He by-pass 

Cover 

First wall 

Stiffening grid 

Breeder 
unit 

PbLi distribution plate 

PbLi outlet pipe 
+manifold 

He inlet pipe 
He outlet 

Back plate 

PbLi inlet pipe 
+manifold 

 
Figure 1: Cutaway of the HCLL test blanket module 

 
An important work has been done to establish a new reference design of the HCLL 
TBM for ITER, for which the main guidelines were: 
• to conform to updated dimensions of the ITER Port Frame; 
• to implement a new cooling scheme consistent with the reference DEMO 

one. 
Several additional modifications were brought to the design in order to improve its 
functional features. New analysis models were developed and used to optimize 
the thermo-hydraulics and mechanical behaviour. Several issues still present on the 
updated design have been raised which will need future work, as the Back 
Manifold. In addition, various considerations such as design margins for fabrication, 
instrumentation integration, manufacturing sequence, remote handling aspects 
have been addressed 
 
As shown on Figure 1, TBMs are very complex components. The development of 
manufacturing processes for test blanket modules (TBMs) subcomponents has 
been pursued. Such studies are related to both HCLL and Helium Cooled Pebble 
Bed concepts (HCPB) developed by FZK (Germany). 
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Manufacturing of both 
modules would lead to 
important distortions due to 
welding residual stresses.  
Different welding processes 
have been studied including 
manufacturing demonstration 
(Figure 2) to reduce these 
residual distortions (NGTIG and 
Continuous Nd: YAG laser, 
MIG/laser hybrid technique…). 
Important breakthroughs and 
key trends have been 

 

    
Figure 2: Mock-up 10 kW laser welding 

 
achieved, including Post Weld Heat Treatment (PWHT) definition to obtain high 
Eurofer joint strength, with acceptable limited distortions.  Hot Isostatic Pressing 
(HIP) – Diffusion Welding could be used is for manufacturing different part of the 
TBMs, in particular the First Wall and its cooling channels. Previous work has shown 
that expansion of the cooling tubes during HIP is a risky route. Modelling of the tube 
expansion process has been done to define achievable channel geometries. 
 
A local finite element modelling of the tritium permeation rate through the HCLL 
breeder unit cooling plates has been developed.  It is shown magnetic field effect 
is limited (lower than 10%) regarding global engineering characteristics of the 
tritium transfer in the blanket. It has been also shown that due to the LiPb flow, a 
concentration boundary layer exists inside the LiPb which can be regarded as an 
equivalent permeation reduction factor of 30. This result is of great importance for 
the tritium inventory in the HCLL blanket. 
 
Qualification programme of such 
TBMs have been studied. Several 
functional mock-ups (PMU – 
Prototypical Mock-Up, Figure 3) 
are proposed for the 
experimental qualification of TBM 
for assessing key points of the 
design (thermo-mechanical 
behaviour, relevancy of the 
manufacturing processes, 
ancillary systems…). Figure 3: Example of Prototypical Mock-Up covering 2 breeding 

cells width and two breeding cells height  

Vertical Stiffening 
Plate 

Heater Element 

Cooling Plate 

First Wall 

Horizontal 
Stiffening Plate 

Cover 

 
Related tasks in the full report: CEFDA07-1700-1565, CEFDA07-1700-1573, TW2-TTBC-002-D02, 
TW5-TTBC-001-D05, TW5-TTBC-001-D07, TW5-TTBC-002-D02, TW5-TTBC-005-D05, TW6-TTBC-001-
D03, TW6-TTBC-002-D01, UT-TBM-BB-He 
 
Related Laboratories: 

 
DEN/DM2S, DEN/DER, DEN/DTN 
Contact person: 
Jean-François SALAVY 
DEN/DM2S/SERMA 
CEA-Saclay 
F-91191 Gif-sur-Yvette Cedex 
Tel. : 33 1 69 08 71 79 
e-mail: jfsalavy@cea.fr 
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Structural Material activities 
 
 
The European material fusion programme is mainly dedicated to the development 
of the EUROFER, a Reduced Activation Ferritic Martensitic (RAFM) steel. In the long 
way toward the elaboration of the right materials for fusion purposes, the 
quantitative description, from first-principles – or ab-initio – electronic structure 
calculations, of the basic properties (and their evolutions under irradiation) of such 
materials is an important step.  Activities have been done to study the properties of 
the line defects governing the plastic behavior of iron base materials, namely the 
[111] screw dislocations. Ab-initio calculations were performed within the 
framework of the Density Functional Theory (DFT), using the SIESTA code. These 
results are essential for the validation or fit of empirical potentials, which can in turn 
be used for larger scale simulations.  
Irradiation modifies the response of such an alloy reducing considerably its working 
lifetime. During irradiation with fast neutrons He and H are produced by 
transmutation. How He atoms interact with this base material is not well 
understood. Euratom-CEA investigates the influence of dilute Cr on the formation 
of HenVm clusters and how interstitial He diffuses close to such an atom. It has been 
shown a weak electronic interaction between He and either Fe in pure Fe or Cr in 
the dilute FeCr. The interaction between a Cr atom and an interstitial He is stronger 
and always repulsive. Diffusion of a tetrahedral He has been studied as well and its 
diffusing landscape has been depicted, showing that, because of the He-Cr 
repulsive interaction, there is an energy barrier for a He to get close to Cr in dilute 
alloys which might lead to percolation at low temperatures and the formation of 
bubbles the furthest from the Cr atoms.  If that would be the case, in a dilute alloy, 
the formation of these bubbles would take place in the matrix, far from the Cr 
atoms.  
 
The interaction of dislocations 
and cavities in BCC Fe using 
dislocation dynamics (DD) has 
been studied. Dynamic 
simulations have been 
performed to check the 
reaction between the 
dislocation and the sheared 
cavity. Figure 1 shows the 
shear stresses resolved on the 
primary slip system containing 
the dislocation. 

 
Figure 1: Dynamic simulations performed to check the reaction 

between a dislocation and a sheared cavity 

 
Irradiation performance of Reduced Activation Ferritic/Martensitic (RAFM) steels 
have been studied within the framework of the ARBOR2 irradiation in BOR-60 
reactor (325°C, 78dpa). The post irradiation examinations showed that: 

• The irradiation induced hardening for Eurofer and 9Cr2W steels after 68-78 
dpa irradiation is significantly less than the values measured in the case of 
conventional 9Cr-1Mo steels (EM10, T91) irradiated to 42 dpa. The present 
results also show that 9Cr2W and Eurofer 97 retained significant ductility 
(Total Elongation values above 6% at room and irradiation temperature) up 
to 78 dpa, while 9Cr-1Mo steels displayed a fully brittle behaviour when 
tested at room temperature. 
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• Eurofer HIP joints irradiated to about 40 dpa displayed a better tensile and 
impact behaviour compared to TIG welds irradiated to the same dose. 

• The impact properties of 9Cr2W irradiated to 78 dpa are much superior to 
those of 9Cr-1Mo steels irradiated to 40 dpa. 

 
Detailed microstructural examinations at the nanoscale (using techniques such as 
Transmission Electron Microscopy, Small Angle Neutron Scattering and possibly 
Tomographic Atom Probe) are now needed to understand the significantly better 
mechanical behaviour of RAFM steels after low temperature irradiation compared 
to that of conventional 9Cr FM steels. 
 
Effects of high temperature neutron irradiation on physical and mechanical 
properties of SiCf/SiC ceramic composites and tungsten alloys were investigated 
within the framework of the Furioso irradiation in OSIRIS (600°C & 1000°C, 5 dpa). A 
specific rig has been designed.  It was put back in the reactor at cycle 220 
(September 2007) till the end of the experiment at cycle 230 (December 8, 2008), 
when the estimated dose of 5 dpa (iron) was achieved. Irradiated specimens (108 
SiCf/SiC composites and 34 W alloys samples) will be sorted and packaged after 
cooling down for pickup by partners for Post Irradiation Examination.  
 
Activities have been launched to study Eurofer welding (EB and Laser processes). 
Simplified mock-up of the TBM’s stiffening grid assembly has been produced and 
instrumented to characterize the residual stress and the distortion induced by the 
welding process. The experimental trials have been compared to numerical 
simulations carried out with the finite element code SYSWELD® (Figure 2). 
 

 

 

4.75 mm 

3.9 mm 

1.4 mm 

 
Figure 2: YAG laser dual beam welding of Eurofer TBM mockup: 

process simulation of the weld pool and comparison with macrographic cross section  
 
Hot cracking problems, observed in some Eurofer welds (EB and Laser processes) 
have been investigated to reach a relevant stiffness level for Eurofer welds. 
Selection of appropriate filler wire composition and welding technique are 
methods usually employed to solve hot cracking in the fusion zone. Wire chemical 
composition has been optimised through metallurgical considerations, experience 
of Eurofer welding and 9Cr welding experience (same welding behaviour as 
Eurofer steel).  Different welding trials using the GTAW (Gas Tungsten Arc Welding) 
process have been done to evaluate the tendency to hot-cracking vs. filler wire 
chemistry. Whatever the filler Wire chemical composition, even for wires out the 
standard selection window for 9Cr families, no hot and cold cracks were observed. 
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The hardness measurements showed differences in fusion zone, comprised 
between 400 HV1 and 500 HV1 according to the filler metal. This difference 
depends on the composition of the welding consumables which implies 
differences in chemical composition of the fusion zone. The benefit of an 
optimized PWHT, such as 2-3 hours at 750°C, that can reduce the hardness to 
about 330 HV1 in the fusion, is demonstrated. It is concluded that Eurofer 
weldability is not a critical problem during TBM manufacturing. 
 
The International Fusion Material Irradiating Facility (IFMIF) is a large facility whose 
primary mission will be to generate a material irradiation database for the purpose 
of construction, design, licensing and safe operation of a fusion demonstration 
reactor.  Whether it will be for highly radioactive materials or for tritiated samples, 
handling of samples, test rigs, connectors or fluids in IFMIF will often be completely 
impossible with human hands. Therefore, Remote Handling (RH) means are already 
identified as a necessity for the facility. A 2 year activity was dedicated to establish 
a RH analysis and design guidelines for IFMIF. Proposals were made to use for the 
IFMIF facility the maintenance classification scheme followed in ITER and sort all 
elements needing RH maintenance or repair according to their replacement 
frequency. The main advantage of such classification is to define priorities 
between the tasks and the associated reliability, availability and complexity level 
for the RH equipment. A preliminary classification for the maintenance of 
accelerator components was issued from available data.  
 
 
Related tasks in the full report: CEFDA05-1359, CEFDA06-1470, TW3-TTMA-001-D04, 
TW3-TTMA-002-D04, TW4-TTMS-007-D02, TW5-TTMS-001-D03, TW5-TTMS-004-D04, TW6-TTMS-004-
D04, TW6-TTMS-005-D06, TW6-TTMS-007-D02, TW6-TTMS-007-D08 
 
 
Related Laboratories: 
 

DEN/DM2S, DEN/DMN, DRT/DTSI 
Contact person 
Philippe MAGAUD 
DSM/IRFM/SIPP 
CEA-Cadarache 
F-13108  Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 43 08 
Fax : 33 4 42 25 49 90 
E-mail : philippe.magaud@cea.fr 
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Safety and Environment activities 
 
 
Activities based on safety analysis or tests of ITER safety open issues have been 
carried out using several CEA facilities and expertises. 
 
First, cryogenic experiments on the CEA EVITA facility were conducted. The 
computer codes which are used for the analysis of the accidental sequences in 
ITER should have high quality assurance level. The EVITA facility has been designed 
for the simulation of the physical phenomena occurring during a coolant ingress 
into the cryostat of a fusion reactor, which is one of the identified accidental 
sequence in the reactor safety report. Studied physical phenomena are namely 
ice formation on a cryogenic structure, heat transfer coefficient between walls 
and fluid, flashing, two-phase critical flow. The comparison between calculations 
and experiments allows the ability of the computer codes to treat the relevant 
physical phenomena to be assessed. The analysis of non-repeatable tests has 
been done and the discussion with the cryogenic CEA experts has helped in the 
detection of the reasons of the unexpected trends. After the analysis, new 
simulations with the CONSEN code have been performed to check the influence 
of the identified parameters responsible of the discrepancies. 
 
Feasibility study of possible prevention of hydrogen explosion in ITER by injection  
of neutral gas is another study conducted by CEA during the reporting period. 
The feasibility study of possible prevention of hydrogen explosion in ITER by injection 
of inert gas has been investigated in the case of the so-called wet-bypass scenario 
accident in the frame of a common european activity carred out by three 
organizations: Studsvik (Sweden), Forschungszentrum Karlsruhe (Germany) and 
CEA.  
Analyses are based on scenario definition and data already described in previous 
studies (See full report) and are performed with different numerical tools based on 
different models and numerical methods. Due to the complexity of the 
phenomena encountered, a large number of parametric studies were performed 
to evaluate the sensitivity of the results to unknown or not well known parameters. 
The pressure build-up in the vacuum vessel (VV) and in the suppression tank (ST) is 
predicted and the risk of hydrogen explosion is evaluated. The analyse shows a 
strong reduction of the hydrogen explosion risk when mitigation is done by nitrogen 
injection, however this mitigation is not enough to circumvent totally the risk. 
 
Safety activities were also carried out by CEA in the frame of ITER TBMs Project: 
Nuclear dosimetry of HCLL and HCPB TBMs. During operation, the ITER neutron flux 
activates the structure elements. Among those elements, the TBMs are located 
within a steel allow frame subject to activation. Moreover, maintenance of the 
TBM may require access by an operator from behind the bio shield and the frame. 
This task allowed to assess the: 
 
- Estimated dose rates for two tritium-breeding blanket systems – HCLL and HCPB – 
which may be used as test blanket modules (TBM) in ITER. The first system (HCLL) is a 
helium-cooled lithium/lead tritium-breeding system while the second (HCPB) is a 
helium-cooled liquid lithium/beryllium tritium-breeding system. 
- Estimated dose rates originating from the frame of TBM systems and the 
integrated dose during maintenance operation. 
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Another safety task consisted in validation of the PACTITER computer code and 
related fusion specific experiments in CORELE loop. 
The Activated Corrosion Products (ACP) in the ITER Primary Heat Transfer Systems 
(PHTS) or Tokamak Water Cooling Systems (TCWS) can be a major concern as 
contributor to the source term of potential released activity to the environment in 
case of accident and to the Occupational Radiological Exposure (ORE) during the 
normal operation of ITER. By consequences, the precise determination of ACP 
inventories and the estimation of the resulting doses to personnel is thus an 
important safety task. The PACTITER code has been used for the calculation of 
generation and transport of ACP in the various PHTS or TCWS. The CORELE test 
facility, devoted to the measurement of the release of industrial tube section, 
provides data for the PACTITER code. 
 

 
 

Figure 1: Schematic view of the CORELE loop 
 
After this task, the PACTOLE V3.3 code is validated for the transfer of the corrosion 
products in ionic form: the surface and volume activities of the two major 
radionuclides, 58Co and 60Co, calculated with the PACTOLE V3.3 code are similar 
to the on-site measurements. On the other hand, some ACPs are mainly 
transported in particle form and some nuclear auxiliary systems are mainly 
contaminated by the deposit of activated particles. 
The simulation of the Divertor/Limiter cooling loop has shown that the surface 
activities calculated with the PACTITER V3.3 code are of the same order of 
magnitude as those calculated with the PACTITER V2.1 code. 
 
Two safety tasks related to feedback experience on JET and Tore Supra were also 
conducted. First, human factor experiment at JET. 
 
The objective of the “Human Factors approach” in the ITER design is to define 
provisions as regard human factor means, technical means and organizational 
means to optimize performance of experiments conducted in the context of the 
fusion research program while respecting safety and security requirements. 
 
One of the methodological principles to take into account Human Factors in a 
future facility is to collect and to analyze data relative to human factors 
experience feedback in existing facilities. Feedback from human factors 
experience have been gathered for two tritium laboratories: one at CEA/Valduc 
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centre in France, the other at the Karlsruhe research centre in Germany. The 
analysis based on experience feedback has allowed questions to be raised that 
will be examined in the more general context of ITER project. Questions raised 
concern on the one hand, generic human factor provisions likely to contribute to 
ITER safety in an overall manner (management of skills, organisation) and on the 
other hand, specific human factor provisions to be implemented to ensure the 
safety of sensitive activities. 
 
The same methodology has been be applied to the JET facility in particular on the 
three following topics: 
 
- The operation of the tritium handling facility (Active Gas Handling System) for 
completing the Tritium related analysis, 
- The Tokamak operation in order to set the basis for ITER tokamak operation and its 
overall management, 
- The remote handling operations, involved in particular for the JET maintenance, 
and which will be applied in ITER prospect. 
 
This HF experience feedback survey at JET permitted to collect valuable elements 
about the conditions for the efficient and sure operation of a TOKAMAK facility, at 
the organisational level as well as at the facility design one. 
 
Some preliminary recommendations have been presented in case of findings with 
obvious generic implications. This “macroscopic” approach of the global 
operation layout, even though useful it may be, need to be complemented later 
on with a deeper (“microscopic”) approach of the human activities, particularly in 
the case of safety-relevant ones, in order to analyse the design and organisational 
features which are suitable to minimize the human failures which may occur during 
these activities. 
 
Collection of data related to Tore Supra operation experiment on component 
failure. 
The overall objective of this second task was to enrich a fusion specific data 
collection (e.g. component failure rate database or more generally function 
failure) with data coming from Tore Supra operating experience. It referred to the 
systems of Tore Supra that are relevant to ITER and not present in other tokamaks: 
 
- Cryo-plant, including Magnets, safety system (quench detection, energy 
dumping…), 
- Leak detection/localization, 
- PFC cooling system (including auxiliaries, e.g. power supply, compressed air, leak 
detection/localization…). 
 
A functional analysis, categorisation and compilation of maintenance/failure rate 
statistics were performed. As a conclusion of this collection of data, it was 
recommended for new operating plant to: 
 
- Collect and stock the command-control data, 
- Organize the collected data: regroup the variables on several layers, when they 
are acquired and recorded, in order to facilitate the filtering and analysis of 
variables related to specific use, such as human safety, magnetic fields operating 
time, physical conditions in the PFCs cooling system, and so on, 

29 



Activity report of the Association Euratom-CEA: fusion technology 2007-2008, executive summary 

- Implement an automatic control of the values acquired and stored for the 
variables: the data acquisition system could check the values by using comparison 
between related variables, in order to eliminate, or at least highlight aberrant 
values, 
- Keep track of what happens inside the command-control system as it evolves: 
what do the variables represent? As time passes, the people who designed the 
command-control system will be replaced by others, who will need to understand 
how the data acquisition system works "behind the computers screens" of the 
control room, 
- Ask for a periodic analysis of the recorded data: the command-control data can 
be really useful to understand and recreate what precisely happens within the 
systems. 
 
Another important aspect of this study refers to the human factor: along the 
progress of the task, it was discovered that a lot of useful information existed in the 
form of "personal log books" kept by the managers and operators on their own, 
relative to the actions they had performed or taken a part in. It should be taken 
into account, in any future project, that these bits of information may be useful to 
check and correct the data automatically collected by the command-control. It is 
thus recommended that a procedure should be defined to allow for: 
 
- A standardized way of recording events and especially maintenance 
intervention, thus permitting to keep a database of the works performed, 
- A fast validation process, by the appropriate hierarchy, of the reports feeding the 
database in order to facilitate and to promote its use by the operators.  
 
 
Related tasks in the full report:  
CEFDA06-1414, CEFDA06-1513, CEFDA06-1518, CEFDA07-1700-1549, CEFDA07-1700-1591, 
JW5-FT-5.25, TW6-TSL-004, TW6-TSS-SEA3.5C, TW6-TSS-SEA5.5C, UT-S&E-LiPbwater 
 
 
Related Laboratories: 
 
 

 

DSM/IRFM, DEN/DTN  
Contact person: 
Guy LAFFONT 
DEN/DTN 
CEA-Cadarache 
F-13108 Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 73 14 
Fax : 33 4 42 25 66 38 
E-mail : guy.laffont@cea.fr 
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System Studies 
 
 
The goal of European Fusion research is to demonstrate the viability of fusion as a 
future energy option. ITER, by demonstrating the scientific and technological 
feasibility of fusion energy will be a crucial step toward a fusion power plant.  Even 
if such devices are probably far away from present days, power plant system 
studies performed within the European fusion program have the important goal to 
identify main scientific and technology breakthroughs needed to reach a credible 
fusion power plant design. 
A fusion reactor should operate in an industrial 
context. The availability of such device is an 
important factor. The Remote Handling of the 
blanket elements during maintenance phases 
have been studied with a segmented first wall 
design.  The design driver for the maintenance 
scheme that affect both design of the device 
and the Remote Handling system is the safety 
related issue of confinement i.e. to maintain the 
tightness of the system all along the process. This 
safety issue related to confinement induces to 
consider in priority proven design option, as the 
one already in use in the Fission facilities. The 
study provides first set of maintenance system 
design options which need furthers investigation 
to confirm their feasibility (see Figure 1). 

 
Figure 1: Example of Toroidal Mover for 

blanket remote handling 

 
Concerning the superconducting magnet system, different options have been 
investigated including the use of High Temperature Superconducting (HTS) 
materials instead of Nb3Sn with an operation of the TF system at higher 
temperature.  This option can contribute to decrease the recirculating power of 
the power plant by 10 MW and improve the temperature margin of the 
superconducting material. It has been shown that there is no interest to aim at 
operating the TF system at a temperature higher than 20 K, a temperature 
achievable with Bi2212 strands which are already produced in kilometric unit 
length. The main interest is in the increase of the temperature margin for a better 
reliability of the machine. But a substantial R&D has to be carried out to develop 
high current HTS conductors. 
 
The fusion reactor should work in steady-state, therefore, one of the main physics 
challenges will be the establishment and the control of an non-inductively driven 
current density profile. A study has been performed on analysis of current profile 
control in reactor scenarios using realistic treatment of current drive efficiencies 
using the integrated modelling code CRONOS.  CRONOS is a suite of numerical 
codes for the predictive/interpretative simulation of a full tokamak discharge.  The 
CRONOS suite of codes has been used to simulate and analyze the DEMO design 
in two different scenarios: pulsed and aiming at steady-state, respectively.  In order 
to clarify such scenarios, two different regimes have been studied: one with the 
aim of maximizing the fusion gain and minimizing the number of external heating 
systems, just by using Neutral Beam Injection (NBI) (Scenario1), the second one with 
the aim of obtaining a full non-inductive current steady-state scenario by adding a 
ECH/ECCD system to the previous one (Scenario2). A large Q=26.5 is obtained in 
the pulsed scenario1, which is possible due to the low injected power considered 
(=98 MW) and a high pedestal temperature, 7.8 keV. It has been shown that, due 
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to the large density considered for these scenarios, a 1 MeV NBI system could not 
be enough to drive sufficient current, as well as the redistributed current inside the 
plasma could be a handicap to control the q profile. In the scenario2, a 100% non-
inductive current is obtained due to the additional current drive form the ECH 
system and the increased bootstrap current due to the reversed q profile which is 
also controlled by means of this system. However, the reversed q is not enough to 
create an ITB and therefore the increased alpha power cannot compensate the 
large amount of ECH input power, which finally leads to a scenario with Q=17.2.  
This may not be sufficient for DEMO, however, more studies are needed (probably 
with other transport models) to properly account for the ITB formation in DEMO with 
reversed q profile. 
 
The main point brings out by these studies is the high interdependency between 
both several technological fields and physics. Some key issues have been pointed 
out (e.g. magnet conductors allowable current density, reactor recycling power, 
plasma heating systems …) that should be further investigated in future reactor 
systems studies performed by Association Euratom-CEA. 
 
 
Related tasks in the full report: 
CEFDA05-1285, CEFDA06-1452, TW5-TRP-002-D03a, TW6-TRP-002-D02, TW6-TRP-006 
 
 
Related Laboratories: 
 

 

DEN/DER, DEN/DM2S, DRT/DTSI, DSM/IRFM 
Contact person: 
Philippe MAGAUD 
DSM/IRFM/SIPP 
CEA-Cadarache 
F-13108  Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 43 08 
Fax : 33 4 42 25 49 90 
E-mail : philippe.magaud@cea.fr 
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Tritium Inventory Control and Related activities 
 
 
Several activities have been accomplished by CEA in the frame of in-vessel Tritium 
inventory control during 2007 and 2008 and especially: 
- Measurements of in-vessel Tritium inventory (by Laser Induced Breakdown 
Spectroscopy-LIBS technique), 
- Tritium recovery by laser ablation of deposited material or by improved glow 
discharge system. 
Moreover, the CEA also studied waste management processes dedicated to 
Tritium recovery, including work dedicated to in-vessel Hydrogen explosion 
prevention and studies on Tritium incorporation toxicity. In the following, laser 
detritiation activities and waste treatments of soft house keeping and Tritiated 
flakes will be described in details. 
 
Detritiation methods based on 
laser ablation of deposited 
layers have been under study 
(LILM laboratory, CEA Saclay) 
since 2002. Laser system was 
developed and successfully 
applied for tile deposited 
layers cleaning on the JET 
Beryllium Handling Facility as it 
can be seen on Figure 1. In 
this picture, it is clearly seen 
that the laser ablation process 
removed the entire deposited 
layer containing part of the in-
vessel Tritium inventory. 
 

 
 
Figure 1: Left hand side: cross section of a plasma facing component 

(PFC) covered by a 200µm deposited layer.  Right hand side: cross 
section of the component after laser ablation. 

 

Laser beam/target surface interaction results in the release of a high amount of 
ablated contaminated matter, essentially micro-particles. To collect the ablated 
matter, the appropriate aspiration device has to be considered. Physical 
characterisation (number, size distribution, morphology, mass) of the dust ejected 
must be undertaken. This has been done on TEXTOR (IPP, Germany) and Tore Supra 
samples using: Condensation Particle Counter (CPC) – to measure the particles 
number, Engine Exhaust Particle Sizer (EEPS) and AEROSIZER - to measure the 
particle size in (5.6 - 560) nm and (0.5 -100) µm range, respectively. The data on the 
particles are obtained in a quasi real time. To determine the morphology and mass 
of the resulted particles, a filtration system or an impactor can be applied to 
collect the particles on the appropriate supports either for Transmission Electronic 
Microscopy analyses or weight measurements. The EEPS measurements 
demonstrated the maximum distribution of the particles ≈70-80 nm for the layer 
and ≈10-35 nm for the substrate (see Figure 2). For all the tiles, both for the layer 
and substrate, the AEROSIZER measurements determined the maximal particle size 
distribution ≈700-800 nm. 
 
Based on the obtained results, the appropriate aspiration system to collect the 
contaminated ablated matter was considered. The granulometry of the laser 
ablated particles does not seem to depend significantly on the matter. This 
assumption has to be verified for ITER-like deposited layers. This is the object of an 
ongoing activity. 
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Figure 2: EEPS and AEROSIZER results on particle size distribution 

 
In order to measure the in-vessel Tritium inventory in the ITER machine, new 
technique must be developed. CEA has decided to promote Laser Induced 
Breakdown spectroscopy (herafter called LIBS) that has been studied for years in 
LILM, CEA Saclay. Characterization of the deposited layer by the LIBS method has 
started in LILM (CEA Saclay, France) in 2002. During this task, JET LIBS diagnostic for 
layer characterization has been developed using the JET EDGE LIDAR laser system 
slightly modified. With the EDGE LIDAR optical scheme, the Ruby laser beam (3 
Joules, 690 nm wavelength, 300 ps pulse duration) was used to ablate the 
deposited layer and to create the bright laser plasma that is then analyzed 
spectroscopically. The results are shown in Figure 3. 
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Figure 3:. LIBS spectrum after the first (shot 46) and 11th laser shot (shot 56) on the W-

stripe zone with the deposited layer. Laser pulse energy ≈ 3.0 J, spectrometer slit width = 
200 µm, ICCD camera delay = 180 ns, gate width = 2 µs, vacuum. 

 
For the first shot, only C-, Be-, Cr-, and H-lines were visible. With the increase of the 
number of the laser shots applied on the same divertor surface (without laser 
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beam displacement), the H-line intensity was decreasing with the appearance of 
the tungsten (WI) spectral lines (Figure 3, shot 56). Thus, with the analysis of the 
spectral line behaviour versus the applied laser shots, it is possible to make in-depth 
analysis of the deposited layers with the available JET EDGE LIDAR System. These 
results obtained in situ with real material give confidence for a development of an 
in vessel LIBS system for ITER. 
 
Waste management was part of the CEA activities. Several soft housekeeping 
material detritiation processes were reviewed. The most promising method has 
been selected. It is based on full oxidization of the material done in pure oxygen 
atmosphere at atmospheric pressure. This technique has been proposed to treat 
all the housekeeping materials for JET and the industrial route is under study and 
development. 
 
Thermal desorption of activated flakes has been also studied. The aim of this work 
is to characterise the chemical and radiochemical composition of the flakes and 
to study the efficiency of thermal desorption of trapped tritium and effect of 
oxidation on the flakes at relatively high temperature (800°C). To reach the goal, 
the X-ray diffraction permits a qualitative chemical compound determination 
before and after thermal detritiation. The study of thermal desorption is done in 
two ways: 
- Without oxidation and under Hytec gas (5% vol. hydrogen, 95% vol. argon) up to 
800°C 
- With oxidation, up to 800°C, under different oxidizing atmosphere: 

2% vol. oxygen in nitrogen or argon 
5% vol. oxygen in nitrogen or argon 
10% vol. oxygen in nitrogen or argon 

In both cases (without oxidation and in the best case of oxidation conditions), it is 
foreseen to study the kinetic of tritium desorption at a fixed temperature. In Figure 
4, an example of the relative fraction of T removed is plotted against time (in hour). 
Operating T° is also presented. It has to be noted that after 4 hours, 92.5% of the 
sample is detritiated in this case. 
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Figure 4: Relatived removed fraction (%) 

 
The use of reductive gas at different temperature for detritiation lead to an optimal 
temperature of 750-800°C. If thermal detritiation under reductive gas is a good 
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process with metallic samples (the major part of tritium is on the first micron of the 
surface of materials), with flakes (major of carbon, beryllium carbide), the process 
is not very efficient. The tritium bounded in the basal plan of graphite and trapped 
in different carbides of the sample is very difficult to extract. The used of oxidant 
gases at 750°C is much better. The detritiation efficiency is practically 100%.  
 
Related tasks in the full report:  
TW6-TSW-003-D02, JW6-FT-1.1, JW6-FT-2.28, JW6-FT-3.30, JW6-FT-3.33, JW6-FT-4.9,  
UT-S&E-LASER/DEC, UT-S&E-Tritium-Impact 
 
 
Related Laboratories: 
 
 

 

DSM/IRFM 
Contact person: 
Christian GRISOLIA 
CEA-Cadarache 
F-13108 Saint-Paul-Lez-Durance Cedex 
Tel. : 33 4 42 25 43 78 
Fax : 33 4 42 25 44 90 
E-mail : christian.grisolia@cea.fr 
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