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Abstract. The European effort in supporting the ITER desggrd R&D programme was maintained at a
considerable level in the last four years in orbebe ready to start the construction phase as asdhe ITER

site was decided and the ITER Team establisheds paper describes the status of the design and R&D
activities conducted in Europe highlighting the aregchievements. Particular emphasis is givend¢asawhere
R&D is still required: Remote Handling, ITER TestaBket Modules, Diagnostics and Heating and Current
Drive Systems.

1. Introduction

The European Fusion Technology programme, under ch@dination of EFDA (the
European Fusion Development Agreement established9P9 as a framework contract
between EURATOM and the European Associates) dvepast few years has been mainly
devoted to:

1. the completion of design and R&D studies in prepamnafor the procurement of
ITER systems and components in close collaboratih the ITER team and
according to the ITER design and schedule;

2. the provision of support to European Associatiom$ lndustries in key areas of
fusion R&D to ensure a competitive and timely apeio to the planned
procurement.

The EU contribution to ITER design and R&D actiegihas been maintained at a significant
level with the objectives of:

1. continuing, and in some cases expanding, the efioareas where design and
R&D were still required: in particular in Remote htding, ITER Test Blanket
Modules, Diagnostics, Heating and Current Drivet&ys;

2. continuing and completing manufacturing R&D to detme the most
technically and cost effective manufacturing methéat ITER components to
be built in Europe;

3. preparing new test facilities needed during ITERstruction;

4. supporting the European site preparation procedstlan preparation of safety
and licensing documentation for ITER in Cadarache;

5. maintaining support to EU industries in R&D actie# of relevance to fusion.

At the end of 2005 the procurement cost sharinthefITER components and sub-systems
was agreed by the seven ITER parties. Europe, ag cantributor, will provide 10 Toroidal
Field magnet windings, the Poloidal Field coilsnfrtN. 2 to N. 6, 80% of the Vacuum Vessel
main body, 30% of the Blanket First Wall, the Inbgvertor Target and the Divertor Cassette
integration. Important contributions are also pkshnn Remote Handling, Heating and
Current Drive Systems, Diagnostics, Vacuum Pumpimg) Fuelling, Power Supply Systems,
Tritium Plant, Cryoplant, Safety, Site preparat{@rcluding licensing) and Buildings. In the
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following sections the status of the ITER desigd &&D activities developed in Europe is
reported, highlighting the main achievements. Paldr emphasis is given to areas where
R&D is still required, such as Remote Handling, RTEest Blanket Modules, Diagnostics
and Heating and Current Drive Systems.

2. The TER CoreLoad Assembly
2.1. Vacuum Vessd

The ITER Vacuum Vessel (VV) consists of nine sectbt.4 m high, 200 tonnes weight
fabricated from 60 mm thick Stainless Steel (S&)gd arranged in a double wall structure.
The reference VV fabrication route, which includesavy jigs to limit the amount of
shrinkage linked to the high concentration of wdldeones, has been verified by the
construction of a full-sized, 20 Ton VV Poloidalcga Mock-Up (VVPSM). Figure 1 shows
the ribs of the upper inboard segment being wetdethe inner wall. The final part of the
construction of the VVPSM involves the welding ttdge of the two partial segments,
simulating the rest of the Vessel Sector by a latgectural steel construction weighing about
50 tons, which can be partially dismantled to sateithe effect of the removal of the jigs.

FIG. 1. Mock of VV Poloidal Sector

The manufacturing programme is accompanied by apt@mnentary analysis on the
modelling and prediction of distortions during méaature, including instrumented mock-ups
representing each type of weld to validate the llat=formation predicted by computer
models, which will be used to design the method dontrolling the critical segment—to-
segment welding by the application of additionahpensation welding to the jigs.

The results of this work programme will ensure ttreg firms competing for the main VV
Sector contract will be provided with sufficientfonmation to enable them to have
confidence in achieving the tight tolerances oftdrethan + 10 mm required from the
construction, far smaller than normally achievedsiach a size of vessel.

2.2. In Vessel Components

The First Wall (FW) panels of the blanket modulessist of a bi-metallic structure made
from a 20-mm thick Cu alloy heat sink layer bondeda 40-mm thick 316L(N)-IG SS
backing plate. A 10-mm thick Be layer is used asplotective plasma facing material and is
bonded to the Cu alloy layer in the form of tiles.

An extensive development work programme performredurope has allowed to produce
very good Be/CuCrZr alloy joints by HIPping [1]. fRemances achieved with representative
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FW mock-ups (30000 cycles at 0.6 MW/mZ2; no Be dataent up to 3 MW/m?2) exceed the
ITER design requirements. A neutron irradiationgoaonme is still in progress to complete
the full characterisation with irradiated mock-ups.

Brazing has also been considered as an alterriatbaique, potentially cheaper, for joining
Be tiles to the CuCrZr heat sink layer. Furnacezimgh was developed during the ITER
Engineering Design Activities (EDA) for joining Be CuAl25 alloy. It was found that this
braze alloy had poor wetting properties at theibgaemperature of interest for CuCrZr alloy
and the quality of the product was changeable. iRdsiction brazing techniques (see Fig. 2)
are chosen to minimize the holding time at highgerature and consequently retain enough
mechanical properties of the CuCrZr alloy; a silfree braze alloy is under development.
Preliminary results are promising and after conigietf this development phase, a scale-one
FW panel prototype will be brazed and then theraizdue tested.

FIG. 2. Induction Brazing of FW Panel

The Shield Block (SB) of the blanket modules caissitg a 316L(N) SS massive structure of
typically 1.5 m length, 1 m height and 0.4 m thieks. Conventional fabrication techniques
were first considered for the manufacture of the ®Bde from SS forgings [2]. This
fabrication route resulted in a very large numbémelds, increasing the risk of water
leakages inside the vacuum vessel during ITER diperand in a lot of expensive machining
and welding operations. An alternative design aiti€ation route have also been developed
to increase the reliability of the components dyg.removing all the seal welds. This
alternative design is based on the experience daineng the ITER EDA by fabricating a
SB prototype by powder HIPping [3]. A complete éogltube gallery was fabricated and
HIPped with 316L(N) SS powder at 1100°C and 130 KtP& hours.

Because of the EU responsibility in the procurenwérihe divertor Inner Vertical Target and
of the divertor Cassette Body, several activitieskaeing carried out with the EU industry and
with the EU national laboratories. High heat fliechnologies have been developed and a
number of small, medium and full-scale prototypasehbeen successfully manufactured by
Plansee (Austria), Ansaldo Ricerche (Italy) andvar&ramatome (France) and tested at heat
fluxes well above the ITER requirements [4]. Carlbalber Composite prototypes have been
successfully tested up to 1000 cycles at 23MW/MER design target: 300 cycles at 20
MW/m?2) and tungsten prototypes up to 1000 cyclesGaMW/m? (ITER design requirement
for the divertor baffle: 3 MW/m?2). Recently, anothraedium-scale vertical target prototype
(see Fig. 3) was manufactured by ENEA Frascais Himed at demonstrating whether the
“hot radial pressing” technology can be a viableeralative manufacturing route for the
vertical target. High heat flux testes are underimaye FE200 electron beam facility (located
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in Le Creusot, France, and operated by Areva-Framatand CEA Cadarache) and
preliminary results (3000 cycles at 10 MW/m?) aneauraging.

| %

FIG. 3. Medium Scale Divertor Vertical Target Prototype

A first study on acceptance criteria for the ITERedtor plasma-facing components (PFCs)
was completed in collaboration with CEA Cadaracheeview of the existing experimental
database on PFC performances and defectology wasdcaut. On this basis, the main
strategy towards the definition of workable accapéacriteria was defined in agreement with
the ITER International Team. More than one hundmedgk-ups with calibrated artificial
defects were designed and are being manufacturdedlamsee and Ansaldo Ricerche. Their
high heat flux testing will form the experimentaldis against which the present assumptions
on the acceptance criteria will be finally validhtnd refined.

2.3. Magnet System

The superconducting magnet system equals almostlorte of the total estimated direct
capital cost for the experimental reactor ITERcdhsists of two main systems: the Toroidal
Field coils (TF) and the Poloidal Field coils (Ri)cluding the Central Solenoid coil (CS)).
The CS and the TF coils will be manufactured ughiggSn conductor due to the high

magnetic field and required current. The PF coild ahe Correction coils will be
manufactured using NbTi conductors.

The basic conductor configuration is circular cabkeonduit type cooled by a forced flow of
supercritical helium. The cable is formed by mstige cabling of superconducting strands
with the final stage consisting of six bundles tetsaround a central cooling channel.

During the ITER-EDA phase, two models have beenufatured and tested to demonstrate
the feasibility of the ITER coil system: the ToraldField Model Coil (TFMC) and the
Central Solenoid Model Coil (CSMC).

Both, the TFMC and CSMC achieved their design walwathout quenching, but the
temperature margin was found to be about 1 K Ibags £xpected. Recent (2006) tests of
ITER-like NbsSn conductors (not the exact ITER configurationpuitan indicate worst than
expected ‘advanced’ NBn strand performance in the conductors. The dagoadappears to
be caused by transverse magnetic loads on thealstréhe higher performance strands appear
to be more sensitive to this effect. R&D is undeyw@ understand the problems, likely to be
related to the design of the conductor, and to esidthis issue. A Dipole facility is in
construction phase at CRPP Lausanne to supplemergxisting SULTAN facility for the
quality control of the ITER superconducting cables.

The full-size PF conductor in the NbTi has not lyeén tested in long length and pulsed field.
Therefore Europe has manufactured a PF CondudertI(PFCI) coil with cable provided by
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the Russian Federation. The PFCI is a single-layemd solenoid consisting of nine turns. It
is planned to test such insert at the CSMC fadititidaka (Japan).

2.4. Remote Handling

Within the Remote Handling (RH) area, accordinghe latest ITER procurement sharing
arrangements, Europe will provide the divertor Hiswgdequipment, 50% of the transfer cask
system, the Neutral Beam RH equipment and the takamvessel viewing system.

The exchange of the divertor is a vital maintenaacevity for the long-term operational
success of ITER and is expected to be necessaryeaitry 3-4 years of plasma operations.
Based on the above requirement and the likelihbatdEurope would play a major role in the
eventual supply the divertor RH system, Europe rhastained an aggressive campaign of
design and prototyping in this area since the n@i@els. Initially this manifested itself
through the construction of the Divertor Test Rlatf (DTP) in Brasimone, Italy, as the
centre place of the ITER L7 large R&D project (198%2). However, major geometrical
changes in the divertor region in the transitiotween ITER'98 and ITER 2001 lead to a
decision to effectively repeat the L7 exercise Bating a new RH test facility (the DTP2) in
Tampere, Finland (see Fig. 4). Construction of thcdity began in Spring 2006.

The overall aim of the DTP2 project is to ensurat tthe cassette movers supplied to ITER
during its construction are be based on well makttsecond generation” designs which have
benefited from the experience and lessons leaomh fthe building and operation of a first
generation of prototypes.

FIG. 4. The DTP2 RH Mock-Up Facility

In ITER, a system of remotely controlled casks Ww#l used to transfer highly activated and
contaminated in-vessel components between tokamkat-cell. These casks will travel by
way of remotely controlled transporters floating amsystem of low friction air bearings.
Since the late 1990’s Europe has provided steagpatito the ITER Team in this area in
terms of engineering design development which legs pace with the design evolution of
the cask interfaces i.e. in-vessel components,agk-cvehicles, tokamak and buildings.
Significant work is still needed in this area todiise the engineering designs in preparation
for the ITER procurement exercise, especially iatren to the cask-vacuum vessel interface
and port plug handling.
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2.5. Diagnostics

ITER will have a comprehensive plasma measuremgsters consisting of about 45
individual diagnostic systems. The integration loége diagnostic systems into the ITER
nuclear environment will present significant newaldnges and demand a level of
engineering integration beyond those required ies@nt experiments. An extensive
programme of design and R&D focussing on thoserdiatic systems for which the EU will
likely have procurement responsibilities has beaplemented to develop designs for ITER
diagnostic systems, to develop components capableedorming reliably in the ITER
environment and to address the generic issuesiasmbavith the engineering and integration
of diagnostic systems for ITER [6].

This programme encompasses a wide range of measuordechniques, such as LIDAR
Thomson scattering, neutron emission, density ctftaetry, active charge exchange
spectroscopy (CXRS), bolometry, magnetic measur&sneutral pressure measurements,
and visible and infrared observations of plasmd-imétractions. Progress has been made in
the design analysis for each of these systemseXamnple, in the magnetics diagnostic, which
has many sensors and components requiring earlyedelto allow integration into the
vacuum vessel and divertor, designs are being dpgdlfor a variety of sensor types, and
R&D on prototypes is underway to establish consimac and manufacturing methods.
Common design topics for optical diagnostics, sashthe LIDAR and CXRS, include the
simplification of labyrinths against neutron streagnand the development of concepts which
allow the replacement of sensitive optical compdmérelevant for many optical diagnostics).
Most optical diagnostic systems require front-emtkimetal mirrors, which are exposed to
large fluxes of energetic particles and experietegosition of sputtered material. R&D is
underway to develop suitable low-sputtering mimaaterials, such as rhodium coatings and
monocrystalline molybdenum, to explore techniquasdrosion and deposition mitigation,
and to study in-situ cleaning techniques for msrak specific R&D programme is addressing
the development of radiation hard ceramic mateaald components for in-vessel systems,
including bolometers, pressure gauges, mineralkanesd cables and windows [7,8].

Major diagnostic sub-systems will be integratedoimiort-plug structures which provide
mechanical support, nuclear shielding and coolarghe diagnostic components. In addition,
they must provide an environment in which diagrostmponents can operate reliably. The
EU has made significant contributions to the engiimg design of port plug structures, to
analysis of fabrication techniques and to studfediagnostic integration into the port plugs
[9]. The development of testing facilities for igtated diagnostic (and heating and current
drive) port plugs in which the full functionalityf éhe systems can be tested, resilience to
forces and vibrations can be demonstrated and weaketesting can be performed will be a
significant challenge for the EU’s diagnostic deprhent programme in the future.

2.6. Heating and Current Drive (H& CD)
2.6.1. Electron Cyclotron Resonance Heating

The ITER Electron Cyclotron (EC) H&CD system is idegd to inject high power millimetre
waves through equatorial and upper ports of ITERasao deposit power locally in the
plasma via electron cyclotron resonance absorpfidre primary system consists of 24
gyrotrons, each operating CW at 1 to 2 MW so atetiver 24 MW to the plasma, either via a
single launcher (with 24 waveguides) in an ITERatqual port, or up to 4 upper launchers
(each containing 8 waveguides). The capabilitydoalized heating and current drive and the
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ability to vary the deposition location over a sigant fraction of the ITER plasma makes
the system well adapted to a range of functionsudgiieg plasma heating, current profile
control and magnetohydrodynamic (MHD) mode control.

The EU will have procurement responsibility for theply of the upper launchers, a fraction
of the gyrotrons and the main gyrotron power sigghAnd has been pursuing an extensive
programme of design and R&D in preparation forghpply of these sub-systems. The upper
launcher is designed to stabilize MHD modes, prilpdhe so-called neoclassical tearing
modes (NTMs) at the q=3/2 and =2 surfaces, undange of ITER plasma conditions, and
therefore must be capable of steering the mm-waaenls to ensure deposition can range over
the majority of the plasma minor radius beyond=r6. In addition, the launcher optics must
ensure sufficient beam focussing to achieve adeqir@ten current densities to suppress the
MHD modes. An extensive design and R&D programmetiglying two variants of the
launcher:front steering (FS), with the steering mirrors located in thetpadug behind the
blanket shielding module (the ITER reference sohjtiandremote steering (RS), with the
steering unit external to the port plug in the IT&Rondary vacuum [10].

The superior capability of the FS approach for n@anmng a highly focussed beam over a
wide steering range leads to a high stabilizatificiency at both the g=3/2 and gq=2 surfaces
over the range of scenarios investigated. Resowviths the EU programme, therefore, are
principally directed towards the FS concept (s&g ), while the RS concept is still pursued
as possible back-up option. The engineering of dieering mechanism, in terms of both
design and material choice, has received consitieedtention. The mechanism is based on a
pneumatically driven, frictionless and self-cergrimechanism, which is backlash free. This
design should avoid the main problem encounteregrésent day machines, which is the
seizing of moving parts due to friction. The desajrthe port plug (structure and shielding
elements), as well as that of the CVD-diamond windis being adapted to the FS concept,
taking advantage of solutions previously develofmdthe RS launcher that were generic
enough for easy adaptation. The flexibility affatdey this concept has resulted now in a 4-
launcher system that has the ability to stabilidévVi¥ over the required radial range, as well
as to drive current in the region of q=1, shariagt pf the duties of the equatorial launcher
for sawtooth control. The projected stabilisati@rfprmance is high enough that only ~ 60%
of the available power should be required for totedde suppression in most of ITER
scenarios.

closure
plate [™
port plug

free space
beams
Y
focusing
mirror
N \
BSM i —
< % isolation| | diamond
N | valve window
W
\'.
HE11 wave

mitre bends guides

steering
mirrors

FIG. 5. The front steering ECRH upper launcher for MHD mode control

The European effort for the EC power sources isredron the development of a 170 GHz, 2
MW, CW coaxial cavity gyrotron of Collector PoteadtDepressed (CPD) type. The essential
arguments for implementing an R&D Programme aintedeseloping a gyrotron with higher

unit power compared to the ITER baseline (1 MW) &mereduce the cost of the installation
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and to allow a compact upper port launcher desogn donversely, to increase the power
delivered from one port). Coaxial cavity gyrotronave the potential to allow high unit

power to be achieved and 2.2 MW in single mode wleraonstrated in short pulse operation.
On a so-called pre-prototype gyrotron, the nomirtal, ;0mode at 170 GHz has been excited
stably in single-mode operation over a wide parameinge. The construction of the first
industrial 2 MW prototype (see Fig. 6) and of thesariated superconductive magnet
producing 6.86 T on the cavity axis is well undeyyahile experimental support continues
to be provided by tests on the pre-prototype [Alpew full performances EC test facility has
been established at CRPP, Lausanne in supporti®fptiogramme. Testing on the first

gyrotron prototype is expected to start within 2006

FIG. 6. 2MW-170 GHz prototype produced by THALES Electron Devices
2.6.2. lon Cyclotron Radiofrequency Heating (ICRF)

The ITER lon Cyclotron H&CD system is required twuple 20 MW of power from a single
antenna (~ 9.3 MW/m?2 power density at the antemmaf)e frequency range of 40~55 MHz
[12]. The reference design is based on the “redothauble loop” concept with “conjugate-T
matching” for edge localized mode (ELM)-resiliend&e EU, which will be responsible for
the supply of the ITER ICRF antenna, has implentr@i® extensive programme of design
and R&D studies for such component and its assatiatatching elements including the
ITER-like antenna which will be installed in JET @arly 2007. Within the EU programme
two matching systems using variable tuning elememés being studiedinternal (tuning
components internal to the antenna port plug) extérnal (tuning components located
adjacent to the ITER ICRF port) matching systemsds lanticipated that a final concept
selection between these designs will be made i7.200

The main issue that the ITER antenna has to addréiss achievement of reliable coupling at
high power density while maintaining good matchinghe presence of rapid changes in the
loading resistance, such as those produced by EOMs.advantage of the “conjugate T”
matching is that substantial changes in the loadinthe antenna do not result in a large
amount of power being reflected toward the radegfiency (RF) sources. The principal
activities pursued within the EU programme haveigsed on the development of the internal
and external matching designs to demonstrate ttatdatisfy the functional requirements for
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ITER, and that they can be made compatible withITieR design constraints, including
neutron shielding efficiency, for installation imrad-plane port.

The matching system is an integral part of the rardedesign, and, for both concepts, the
study of matching control algorithms and the eviduaof ELM resilience in the presence of
inter-strap coupling and of load asymmetries iseg &spect of the design analysis. Results
show that matching of the ITER array in these coowls is rather complicated, and that it
requires a sophisticated control system.

2.6.3. NB Injection

The procurement of the ITER NB system presentsraéwhallenges and a robust R&D
programme is necessary in order to achieve theirsgfjyparameters within the tight
constraints due to the ITER construction plan dredlose integration of the NB injectors
with the ITER machine and tokamak building.

In EU the experimental investigations take mainlgcp in MANTIS and SINGAP test
facilities at CEA, Cadarache where the arc driveurce and the concept of an accelerator
based on a single gap, alternative to the ITERIin&skbased on a Multiple Aperture Multiple
Gap (MAMuG) design, are pursued and at IPP, Gagshwere a RF driven ion source, also
alternative to the ITER baseline, is being develogeor SINGAP, important results have
been achieved: voltage holding (up to 940 kV) ssrihe 350 mm acceleration gap, efficient
trapping of electrons in the pre-accelerator armtessful demonstration of beam steering by
displacing the post acceleration grid. Progresshen study of essential issues like space-
charge interaction between beamlets and beam gmamgbsong pulse effects is impaired by
the very limited current capability of the SINGA®&sts facility (100 mA) making the testing
of the SINGAP concept at higher currents an absatetd.

The ion source development aims at reaching trgetgrerformances specified for ITER,
namely: current density of 200 Afnin D' and extracted electron to ion ratio < 1 at a seurc
pressure of 0.3 Pa for a pulse length up to 3600The experimental results from the
KAMABOKO Il source in MANTIS have allowed to impwe the understanding of the
operation of the arc driven source which is theRTiEaseline. In particular, the importance of
controlling the plasma grid and source walls terapge to achieve high negative ion
densities was established. The very high Cs consamwas found to be due to Cs trapping
on the walls and plasma grid in a mixture with theaporated W from the filaments. In
summary, the achieved current density was, in lamges, still lower than the one required
by ITER and the Cs consumptions remained approeim#tree orders of magnitude higher
than the one anticipated for ITER. Presently, EFi3Aconcentrating resources on the
development of an alternative RF driven ion souRremising results have been achieved at
IPP, Garching in the MANITU facility. Current detiss of 330 A/m in H and 250 A/rhin

D were achieved on a small scale source with gepdoducibility and operation in D in
ITER relevant parameters space was achieved ovey mases. Finally, experiments on an
ITER half-size source are starting. The RF drivem source can now be considered a valid
alternative to the ITER baseline.

The experimental activities on SINGAP and the Rk source have been supported by a
substantial design effort aimed at bringing the tpbions at the same level of detail of the
ITER reference choices (MAMuG accelerator and aineed ion source mainly developed in
Japan). Finally, the limited performances of thestaxg test facilities do not allow a reliable
extrapolation to the ITER scale. The establishnadna full scale test facility is therefore
necessary in the ITER NB development plan and kasrhe a centre piece of the European
NB development strategy.
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3. Safety and Environment

Safety activities have been focused on experimétidd and safety assessment in support of
ITER licensing and computer code validation.

Small-scale experiments have been successfullyoqmeeid to provide the database for
computer model development in relation to the satoh of hydrogen and dust explosion
due to air ingress into a vacuum chamber. Energiesssary to trigger explosions of a metal
dust cloud injected together with air into a vesdeahitial low pressure have been measured.
These energies and the pressure transients restrthiim the explosions have been quantified
for graphite, tungsten, graphite/tungsten mixtuaed hydrogen/dust mixtures. It could be
shown that the tungsten additive contributed natieto the pressure loads, which would be
generated by hydrogen alone.

To support model development for ice formation pyogenic surfaces, which is necessary to
analyze the consequences of a loss of coolanuthednd/or water) inside the ITER cryostat,
a small-scale device (EVITA) has been set up. Acglpexample for recent experiments is the
injection of superheated water into a small vacwessel containing a plate at cryogenic
temperatures, with and without presence of non-ensable gas. The results of these tests are
being used in an international benchmark exercigach is being performed under the
umbrella of an IEA (International Energy Agencyjiwty, to validate EU and US computer
codes developed and used within the frameworkefTER safety analysis.

To help understanding the behaviour of dust madtiin during accident, a small-scale
device called STARDUST has been set up. This deewesists of a tank, simulating the
ITER vacuum vessel, where different kinds of chamamed dusts can be mobilised by means
of Helium or air ingress. The dust removed is atéld through a filter. Experimental results
from this device are also being used for computetecvalidation inside an international
benchmark exercise under the umbrella of an IEAi&gt

With the objective to provide analytical tools tbe analysis of behaviour and consequences
of electrical arcs outside the cryostat, a firstireg model has been developed based on
measurements of arc behaviour in a small scaledeVihe scalability of this model to higher
powers will have to be checked by measurements shgatly larger arcing device under
vacuum conditions at present being under testing.

The main safety analyses performed have been ctvatesh on completion of the database
needed to write the ITER Preliminary Safety Anay&teport. These activities included
failure mode and effect analysis for the most digant systems and the deterministic
assessments of accident sequences, including amrssss to the installation and to the
workers and the doses to the population in casegleése to the environment of tritium,
radioactive dusts and corrosion products.

In parallel to the evolving detailed design of syss and their maintenance strategies,
evaluation of occupational doses have been refib@djemonstrate that these doses are
ALARA (As Low As Reasonably Achievable).

In the area of radioactive waste management, wéhobjective to support optimization of the
strategy, studies on water and concrete detritiatiere carried out.

The results of the studies in this area show tbatonly the ITER project release guidelines
are met, but also the ITER limits for the Cadarasites with good margin. These limits have
been presented in a safety rapport called “DosB@ptions de Sdreté” (DOS to the French
Safety authorities in 2002) by CEA, mandated toascbehalf of a future ITER organisation
until the signature of the treaty. Europe has baguporting the writing of the next safety
documents to be prepared: the “Rapport Prelimindéré&areté, Preliminary Safety Analysis
Report”, which must take into account recommendaticmade by the Safety Authorities
following DOS examination, DAC (file for the consssn of the authorisation to start
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construction), and DARPE (file for the authorisatior water intake and effluent emission to
start operation) [13].

4. Test Blanket M odules

The demonstration of breeding blankets capableribfirh self sufficiency, efficient heat
removal and sufficient shielding is still a chalienon the path to power fusion reactors. In
the short term the installation of Test Blanket Mies (TBMs) of the two European concepts
(Helium Cooled Lithium Lead — HCLL and Helium Codl®ebble Bed - HCPB) in ITER
will be the first opportunity to test the breedisignket technology in a fusion environment.

In the HCLL concept the liquid Pb-Li is used asium breeding material (Li) and as neutron
multiplier (Pb); it is circulated at low speed tetract the tritium outside the blanket and to
avoid large pressure drops due to Magnetohydrodynaffects. In the HCPB concept a He
purge gas stream is passing through the Li-cerginigSiO,, Li>TiO3) and Be neutron
multiplier pebbles and transports the releaseditnito the external tritium extraction system.
The engineering design of the TBMs is nearly comgoleand significant effort is been
devoted to develop manufacturing technologies tiergroduction of EUROFER plates with
internal rectangular channels for the He circutatb high pressure (8 MPa).

Emphasis has been also given in the EU programetaévelopment of predictive tools that
will be further qualified during testing in ITERoFinstance:

* For the liquid breeder TBM concept (HCLL), finitteements modelling (CAST3M) has
been developed to evaluate the tritium permeatidn the He coolant for various PbLi
flows and velocity profiles, in particular to takd#o account the effect of magnetic field.

e For the solid breeder concept (HCPB), pebble bednib-mechanical modelling tools
have been developed and qualified with experimenssmplified mock-ups. In particular,
specific models were implemented in the ABAQUS cddereproduce the non linear
elasticity and plastic regions of the mechanicafiss and to simulate the pressure-
dependent thermal conductance between pebbles tati gebble-wall interface. This
model allowed to reproduce with less than 10°CrdEancy the experimental results
obtained in an ad-hoc experiment called HELICA.

The EU program foresees in the next years theotasiedium and large size TBM mock-ups.
Existing He facilities in EU allow today testing mponents up to 1:3 TBM size, but the
fabrication of a full TBM size He facilities (HELOX at FZK/Karlsruhe and HeFUS-3
upgrade at ENEA / Brasimone) has already been exgaigd shall be available around 2009.
Although the expected fluence on TBMs will be vémyited in ITER (<1-2 dpa), the TBMs
will be manufactured using materials and fabrigatiechnologies that are expected to be used
also in the future demonstration reactor DEMO.

The structural material in the development andifjcalion phase in the EU is the Reduced
Activation Ferritic Martensitic steel called EUROREwhich consists of 9% Cr W V Ta with
W, V, Ta contents in the range of 1.0-1.2%, 0.1Z5% and 0.10-0.16% respectively. This
structural material will be used in the TBMs andl wave also suitable properties for its
application in DEMO: high radiation resistance opabout 100 displacement per atom, low
residual activation, reasonable fracture toughnig@gs, creep strength and good compatibility
with the cooling media and Pb-Li. Extensive irrdidia tests are in progress to qualify
mechanical and tritium release performances of EBER) beryllium and ceramic breeders
up to high fluence. This allows to identify earlyatarial limitations that could have an impact
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on the final choice of materials for the TBMs andnbe for the future DEMO reactor
components.

5. Site Preparation and I TER Buildings

Following the selection of Cadarache as the officanstruction site for ITER, a number of
engineering activities are in progress, for thalfization of the civil and plant engineering
design and the expeditious start of tenderingifae tcritical construction activities in 2007-
2008. The framework in which the largest shareheftechnical preparation of the EU site is
performed goes under the acronym of EISS, whicysdtar European ITER Site Studies.

The main activities that refer to the preparatibthe ITER construction within the boundary
of the fence surrounding the 180 hectares of traa@ahe site (in-fence site preparation) are:
the definition of the ITER plant layout includingagptation to the Cadarache site conditions,
optimisation of construction logistics and excawativolumes/cost, specifications for site
clearing, platform levelling, water supply, sewagdemporary electrical and
telecommunications connections, roads and undengroatworks, drainage and sewage.

In parallel engineering activities are launchedigitig qualified engineering companies for
the support of ITER for the overall revision betgeneral layout, nuclear buildings design
(with particular regard to seismic design and \alwh of seismic supports for the
foundations) and integration of subsystem with fihal objective to prepare the technical
specifications for contracting an Architect Engingat shall support ITER and the European
Domestic Agency (DA) in all the activities from dédéd design, tender evaluation, and
contract follow-up. The process for contracting site clearing of the site has started with the
objective to launch the actual deforestation withamuary 2007.

In addition, a number of complementary off-fencéivéites are in progress under French
responsibility and financial support. A significapart of the work deals with the road
modifications (reinforcement of bridges, adaptatiai slopes, relocation of electricity and
telephone lines, etc.) along the itinerary selected the transportation of the largest
components from Fos-sur-mer to Cadarache. Workk bgilconducted between 2007 and
mid-2009, date foreseen for the first test convagditional off-fence activities cover the
design of the water supply system, the definitibthe interface requirements for the delivery
of electrical power (including both the 15 kV suppequired during construction and the
400kV supply necessary to operate the site withhresquibed value of reactive and active
power) and the details of the necessary telecomration systems.

6. EFDA QA System for ITER Related Activities

French regulatory requirements for QA, specifiedha law contained in the ‘Arrete 31-08-
1984’ impose that all activities performed by EF[ehd in the future by the European DA in
Barcelona) and by its subcontractors, for the aedR&D in support, construction and test of
safety relevant components shall respect the guaksurance principles and guideline
contained in the IAEA series 50-CQ. It is likelathsimilarly stringent requirements shall be
used also for critical systems and components whaikee, even if not directly impacting
the safety might have a large effect on the machuadability.

During 2005, EFDA with the support of experts frdosion associated laboratories has
prepared a first draft quality manual, mainly foedigo ITER related activities. The approach
used, starts from the main process of EFDA teclgicdd branch that is contracting (to
associated laboratories and industrial companiesigd and R&D activities for ITER, and
develops a set of rules for the preparation of ligualans’ by the subcontractors. This
approach allows to enforce all the technical imgatrtaspects of QA without unnecessary
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emphasis on formal certification of sub-suppliefh©e EFDA QA manual with some
adaptation can form the basis of the European DAn(@Aual.

7. Conclusions

Europe, as the major contributor to ITER, and urtbdertechnical coordination of EFDA, has
continued to strongly support the project in vasi@reas of design and R&D, in particular
focussing in the preparation for procurement osthoomponents where the EU has a strong
stake. Work was continued, and in some case exdeindareas where design and R&D are
still required: in particular in Remote Handling;BHR Test Blanket Modules, Diagnostics,
Heating and Current Drive Systems, and to someneklagnets. Moreover, continuation and
completion of manufacturing R&D was carried outnmany cases to determine the most
technically and cost effective manufacturing methdéok ITER components to be built in
Europe. New support or R&D facilities are being gameed when needed for ITER
construction. The site preparations at Cadaraclre baen enhanced to follow the project
schedule requirements. The effort towards the tinheénsing of the facility has also been
increased. The forthcoming creation of the EU ddimegency in Barcelona will soon enable
a new framework that will be more geared to provwdenponents specified by the ITER
Organisation.
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