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· VI-1: Diagnostics 
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· VI-4: Dust and tritium management

· VI-5: Superconductors for fusion application

· Chapter VII: Other Activities
· VII-1: SERF
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I Introduction and Programmatic Overview
The EFDA 2010 work programme is meant to implement elements of a longer term programme for the development of fusion as described in the EFDA Workplan (from which the structure of the work programme is derived). In the frame of the Facilities Review conducted in 2008, a vision for the fusion programme has been developed and seven R&D Missions have been proposed by EFDA and endorsed: 

I. Burning Plasmas 
II. Reliable Tokamak Operation 
III. First wall materials & compatibility with ITER/DEMO relevant plasmas 
IV. Technology and physics of Long Pulse & Steady State 
V. Predicting fusion performance 
VI. Materials and Components for Nuclear Operation 
VII. DEMO Integrated Design: towards high availability and efficient electricity production.
These missions relate to specific problem areas towards a fusion reactor and should be used to structure the long term programme. In view of embedding the EFDA work programme in this vision, the way in which each element of the work programme contributes to the progress of these R&D missions is shown throughout the document.
The programme priorities are prepared taking into account the ITER research plan, activities conducted under F4E and the outcome of ITPA topical group meetings. The EFDA Task Forces (PWI and ITM) and Topical Groups (MHD, Transport, H&CD, Diagnostics, Materials) play a key role in supporting EFDA in the elaboration and execution of the programme described in Chapters III to VI.
Main programmatic priorities and use of priority support

The use of priority support is focused on specific research areas identified as top priorities, in line with the seven R&D Missions as follows:

· In the area of Burning Plasma Physics (Mission I), priority support is directed to the measurements of fusion products and related diagnostics (confined and lost alphas, neutronics and fuel ion ratio). 
· To address the issue of reliable Tokamak operation (Mission II), priority support is  focused on Disruptions studies and ELM mitigation, with a specific emphasis on Plasma Wall interaction activities related to high-Z materials. 
· For Mission III, compatibility of first wall materials, priority support focuses on the development of thermography for metallic walls, a key issue for JET and ITER. 
· To progress the development towards Long Pulse/Steady state operation (Mission IV), priority support is focused on the development of new diagnostic concepts and analysis techniques, including further development of plasma position control in long pulse operation, and on the EU contribution to development of LHCD systems for ITER, improved NB technologies and development fast wave off-axis current drive. 
· To improve the predictive capability of our present tools (Mission V), priority support is  focused on detailed studies of the L-H transition and plasma pedestal properties, including the development of better diagnostics; and on electron transport studies (dominant electron heating as on ITER). In the area of Integrated Tokamak Modelling, priority support is focused on coordination activities and standardization towards joint tools, structures and formats. 

· As a key contribution to Mission VI, the use of priority support in the area of Fusion Materials Development focuses (i) on collaborative development of ground-breaking advanced tools in the area of Radiation Modelling and Experimental Validation centred on the use of a dual beam facility for testing and validating models through the investigation of microstructure up to high doses and He (& H) contents, (ii) on the fabrication at the semi-industrial scale of a batch of Nano-structured ODS Ferritic Steels, (iii) on the joint characterisation of Tungsten reference materials and oxidation resistance Tungsten alloys and (iv) on the purchase of SiC/SiC fabric and fibbers. 
Management of priority support

Priority support is as essential tool in order to focus the Work Programme. With respect to baseline support, Priority Support requires additional administrative cost and specific reporting
. For this reason, and to avoid fragmentation, Priority Support awarded to an Association under any single Task Agreement should amount to at least 0.3 ppy.
Exceptions to this rule, as well as the allocation of PS to activities not identified as priorities in the previous section, can be considered if properly justified. All exceptions will have to be approved by the EFDA SC.  

Resources 
Resources under EFDA Art 5 

The resources under EFDA Art 5, which cover all activities under Chapters III to VI, except training and fusion expo actions, are presented in tables 1 (priority support) and 2 (baseline support). 

Resources under EFDA Art 6 

The resources under EFDA Art 6, which cover JET activities, are presented in a separate document.
Resources under EFDA Art.7 

The resources under EFDA Art 7 cover Chapter VII-3 of the 2010 work programme: training and career development.

The Community participation in the financing of these training actions will be up to 5 and 1.3 million euro for the Goal Oriented Training and the Fusion Researcher Fellowships respectively, at the support rates specified in the 2009 Euratom Work Programme. 

This should provide funding for:

· up to 40 trainees (ppy/year) over three years for the third call of the Goal Oriented Training programme, and

· up to 10 Fusion Researcher Fellowships grants. 

Other resources

The operation of the Gateway (under Chapter V-1) is covered under priority support according to the decision made at the CCE-FU at its 38th meeting in May 2007. The priority support includes the Gateway operation for the four years 2008-2011.

The activity under Chapter V-2 (HPC-FF) is covered under priority support according to the decision made at the CCE-FU at its 44th meeting in October 2008.

The Fusion Expo under Chapter VII-2 is covered by a Support Action approved at the EFDA Steering Committee awarded to the Slovenian Association MHEST within a ceiling of 0.488 Meuros (EFDA (08) 39/4.4). The support action will cover the period 1 October 2008 to 31 July 2010.
Table 1: resources under Priority Support EFDA Art. 5 

	Area
	Manpower under PS (ppy)
	Manpower under PS (in k€ of +20% EC contribution)
	Hardware under PS (in k€ of 40% EC contribution)
	Total EC contribution (in k€)

	 
	 
	
	 
	 

	Chapter III Coordinated Activities on Plasma Scenario Development for ITER and DEMO (MHD, Transport, H&CD physics) 
	18
	432
	360
	792

	
	
	
	
	

	Chapter IV: PWI
	23.75
	570
	160
	730

	 
	
	
	
	

	Chapter V-1: ITM
	30.75
	738
	0
	738

	
	
	
	
	

	Chapter VI: Emerging Technologies
	
	
	
	

	Chapter VI-1: Diagnostics
	18
	432
	370
	802

	Chapter VI-2: H&CD Technologies
	4
	96
	0
	96

	Chapter VI-3: Fusion Materials Development
	11.75
	282
	292
	574

	Chapter VI-4: Dust & Tritium technologies
	4
	96
	400
	496

	Chapter VI-5: Superconductors for Fusion
	2
	48
	200
	248

	 
	
	
	
	

	Chapter VII-1: SERF
	0.5
	12
	
	12

	 
	
	
	
	

	Chapter VII-2: Public Information
	0
	0
	0
	0

	 
	 
	
	 
	 

	 
	 
	
	 
	 

	Total Art 5
	112.75

	2706

	1782


	4488
(tbc by EC)


In green italics: provisional figures, tbc when these parts of the WP will be presented by the end of the year 2009.

Table 2: resources under baseline Support EFDA Art. 5

	Area
	Manpower under BS (ppy)
	Hardware under BS 

(in k€)

	Chapter III Coordinated Activities on Plasma Scenario Development for ITER and DEMO (MHD, Transport, H&CD physics) 
	86
	0

	
	
	

	Chapter IV: PWI
	91
	0

	 
	
	

	Chapter V-1: ITM
	43.5
	0

	
	
	

	Chapter VI: Emerging Technologies
	
	

	Chapter VI-1: Diagnostics
	25
	0

	Chapter VI-2: H&CD Technologies
	11
	0

	Chapter VI-3: Emerging Technology Fusion Materials Development
	83.5
	2545

	Chapter VI-4: Dust & Tritium Technologies
	tbd
	tbd

	Chapter VI-5: Superconductors for Fusion
	tbd
	tbd

	 
	
	

	Chapter VII-1: SERF
	16
	0

	 
	
	

	Chapter VII-2: Public Information
	0
	0

	 
	
	

	Reserve
	
	

	 
	
	

	Total Art 5
	356
	2545


Chapter III 
Coordinated Activities on Plasma Scenario Development 
for ITER and DEMO
III.1 MHD

Strategic Outlook and Long Term Programme in support of the R&D Missions (I,II)
Plasma Stability and Control represents one the principal challenges for ITER and for tokamaks generally, aiming at establishing robust reliable operation at maximum performance. Therefore, it addresses R&D Mission 2 through avoidance, mitigation and control of potentially deleterious events. Moreover a strong and integrated MHD and fusion science programme will be of direct benefit also for Missions 4 and 5, as understanding and controlling MHD stability is a key ingredient for the achievement of steady state and to predict fusion performance, in particular for operation close to physics limits.

The programme is based on the continuation of the 2008-2009 programme, coordinated under five working groups, namely: Fast Particles Physics, Disruptions, Sawtooth and Tearing Modes (NTMs), Edge Localised Modes (ELMs), Stability at high Beta (RWMs). An approach is proposed for the future that focuses on key areas and gaps where European coordination is needed, setting the programme within a strategic overview of the longer term needs and development of the field.  
On the short term, the programme will have increased focus on disruptions, where the most urgent and serious questions for ITER lie. Further key elements are also flagged in the four other fields of plasma stability, in particular in order to predict control requirements on ITER, and development of the practical control approaches for these instabilities. 

A longer-term roadmap is based on four new crosscutting initiatives, which are “3d and non-linear effects”, “Supra-thermal particle physics”, “Control and mitigation”, “Diagnostics”. They have been identified in order to set related strategic needs and issues of commonality (e.g. on code development), push integration by fostering common approaches and priorities, and provide a basis for pooling expertise and sharing knowledge between different fields. These initiatives help to optimize integration between different disciplines, such that work being done in one field, and which could bear significantly on another, is communicated and shared. An example is the field of disruptions, where a broader view might help in exploiting efforts made on 3d field in other MHD areas, like on non-linear issues, multi-mode coupling and interaction with external perturbation, transport of thermal and fast particles in 3d magnetic fields, feedback control, etc. And vice-versa, the “3d and non-linear effects” initiative may help clustering efforts made, e.g., on developing new 3d electromagnetic codes for disruptions, on studying runaway electrons transport, supra-thermal ion losses, RMP physics and in particular transport in stochastic fields, RWM modelling including 3d wall and kinetic effects and the effect of plasma shaping on stability. Tasks which will be launched in future calls will make reference to cross-cutting initiatives, and an effort will be made to organize and discuss the results of the MHD TG within them.
Ideally, cross-cutting initiatives should allow the synthesis between two concepts sometimes artificially seen as contradicting, i.e. a sufficiently lively and diverse MHD programme, which is a key need for the success of fusion, and a strong focus on urgent, and sometimes not sufficiently supported, issues. This approach fits the MHD TG terms of reference, in particular on generating a consensus of the EU fusion community in the field of MHD in support of ITER physics and in view of DEMO and on identifying when EU expertise needs to be concentrated on the resolution of specific issues, while maintaining a broad EU expert knowledge base in the relevant physics and technology. Strong collaboration will be pursued, with the topical group acting as an implementing tool for ITPA and IEA activities, and helping foster international studies.
The following sections describe the main topics, which are considered to be important for the advancement of knowledge in the MHD area. They have to be considered as a reference framework, and the detailed implementation of the Work Programme will be done following consultation with the MHD scientific community.

The Work Programme will be implemented in close collaboration with the other TGs and TFs, in particular the diagnostic TG and ITM. As far as diagnostics are concerned, the development of new concepts will be done within the diagnostic TG, whereas the realization and upgrade of measurement tools using well-established principles (such as force measurements) will be in the MHD TG. As for the interaction with ITM, the work on a code such that it becomes EU public domain is a subject for the ITM while developing new physics elements for a code should be part of the MHD TG.
III.1.1 Fast Particles Physics (R&D Mission 1)

The key gap is in understanding the interaction with the fast ions by measuring the distributions that drive instabilities and observing changes in distribution due to instabilities. New diagnostic capability on devices that access the relevant regimes is needed. In addition it is urgent to assess whether ITER is sufficiently equipped to address these issues, considering in particular the capability for TAE probing via antennae, and gamma ray imaging.

Mid Term Objectives (2010/2011)

Exploit the enhanced capabilities of confined fast particles diagnostics implemented and to be implemented following the feasibility studies launched in 2008 and 2009, in order to study the interaction with the fast ions by measuring the distributions that drive the instabilities, and observing changes in distribution due to instabilities.   

Deliverables and Milestones 2010 
· Co-ordinated experiments on fast particle instabilities exploiting the enhanced capabilities of confined fast particles diagnostics, performed in collaboration with the diagnostics topical group see VI.1.1: Burning Plasma Diagnostics.

· Report of assessment of ITER needs and feasibility for a TAE antenna and/or gamma ray imaging, performed in collaboration with the diagnostics topical group see VI.1.1: Burning Plasma Diagnostics.
· 
Resources 2010 

Baseline Support: manpower 3 ppy

III.1.2 Disruptions (R&D Mission 2, 4)

Disruptions represent one of the most pressing concerns for ITER, with a number of key aspects in terms of device lifetime, damage and availability (halo currents, runaway electrons, heat load and erosion on PFCs). It is given the highest priority in terms of P.S. within MHD.

Mid Term Objectives (2010/2012)

Runaway electrons

· New diagnostic methods to measure the runaway electrons: in 2010 feasibility studies to prove the potential of methods measuring Cerenkov radiation, synchrotron radiation and X-ray emission will be conducted. These could lead to proposals for implementation in 2011.

· Development of robust disruption prediction methods, including the development and maximum applicability for a major cross-cutting 3d non-linear resistive MHD code initiative.
· Step-wise development towards full runaway code, capturing threshold, plasma profile evolution, runaway beam properties, action of mitigators, 3d dynamics and beam stability. 

(i) Integration of primary and secondary generation mechanisms in 2d runaway code, with ITER relevant parameter scan predictions
(ii) Capability to model runaway onset and early development in context of evolving plasma conditions (eg rising loop voltage, changing profiles and shape).
(iii) Output of runaway energy spectra at realistic plasma parameters.
(iv) Initial development of outline 3d runaway beam evolution – skeletal framework to which full physics and inputs from other processes to be added later.
Electromagnetic forces

· Perform better measurements in present machines of the forces induced by disruptions, particularly on the in vessel components (benchmarking FEM codes), and halo currents (toroidal asymmetries). Comparison between different types of measurement techniques.

· When necessary and justified, upgrade the diagnostic capability in present machines both in terms of spatial coverage and time resolution. 

· Improvements of the diagnostics for the impurity influxes, including fast bolometry, spectroscopy and imaging. 

· Development of a full model of the VDE integrating 3d plasma distortion, vessel response and halo width models. 

Mitigation and avoidance

· Further development of control systems (routine safe operation, avoidance of events and safe plasma landing in off-normal conditions). 

· Investigation and understanding of active termination systems such as Massive Gas Injection (MGI), with other novel techniques considered or combined (e.g. jets, pellets, RMPs, influence of impurities), including appropriate diagnosis.

Deliverables and Milestones 2010 (and forecast for following years 2011, 2012)

Runaway electrons
· Feasibility studies and proof of principle experiments (2010) for the development of new diagnostic methods to measure the runaway electrons properties in view of possible implementation and further exploitation in 2011 and 2012 aiming at measurements of runaway threshold, spectrum, localised heating and if possible beam evolution dynamics. 
· Tests of new novel techniques such as Resonant Magnetic Perturbations effect on runway dynamics (2010).
· Improving infra-red imaging capability to diagnose thermal quench and runaway heat loads, performed in collaboration with the diagnostics topical group see VI.1.2: Diagnostics for protection of plasma facing components.
· Step-wise development towards full runaway code, capturing threshold, plasma profile evolution, runaway beam properties, action of mitigators, 3d dynamics and beam stability (multi-year project going beyond 2011).
Electromagnetic forces
· Installation of the necessary additional detectors to perform better measurements in present machines of the forces induced by disruptions, particularly on the in vessel components (2010), for further exploitation in (2011 and 2012), aiming at complete the  validation of DINA with experimental tests and execute necessary model development to validate the predictions for ITER.
· Develop a DINA replacement code as a flexible and accessible tool with a 2d model of VDE, machine portable, including image currents (multi-year project going beyond 2011), in collaboration with ITM Task Force see V.1.
· Further exploitation and optimisation of the diagnostics for the impurity influxes, including fast bolometry, spectroscopy and imaging (2010), aiming at measurements of impurity influxes during disruptions for the reconstruction of the evolution of the various processes, including a more reliable code that model plasma shape evolution from available diagnostics during the VDE and/or quench phases, as input to other code initiatives (2010).
· Development of JOREK code for disruption application: 3d MHD and tearing predictions as disruption process progresses (2010).
· Integrated code package comprising 3d core plasma dynamic (e.g. M3D, JOREK) and 3d wall response (CARIDDI) (multi-year project going beyond 2011), in collaboration with ITM Task Force see V.1. Modelled test cases showing impact on stability, asymmetry and evolution of process.
Mitigation and avoidance
· Co-ordinated Disruption mitigation experiments in collaboration with the Plasma Wall interaction Task Force. Dedicated active mitigation work is coordinated under the PWI task force. The focus of the MHD topical group is on understanding the processes involved through additional experimental studies that look at the mitigation action directly or underlying processes, in this case through specific experiments.
· Control system changes and active disruption initiation tools implemented on one or more devices to allow it access new disruption study capability, aiming at demonstrating reduced disruption incidence and severity. 

Resources 2010 

Baseline Support: manpower  4 ppy

Priority Support: manpower 3 ppy, 250 keuro of hardware, as follows:

· Hardware: diagnostics for improved measurements of runway electron beam and impurity dynamics, halo currents and vessel forces.   

· Software developments for non-linear MHD studies as specified above; 

· Support for co-ordinated experiments.

III.1.3 Sawtooth and Tearing Modes (NTMs), Edge Localised Modes (ELMs) and Stability at high Beta (RWMs) (R&D Mission 2,4,5)

Mid Term Objectives (2010/2012)

· Increased focus on theoretical/numerical efforts to model and interpret Sawtooth and tearing mode physics, the non-linear MHD evolution of instabilities including ELMs. transport in 3d fields, and control algorithms. Bring in more refined physics models, including realistic 3D wall, 3D equilibrium fields and kinetic effects, in particular for beta-limiting instabilities.  

· Study the influence of 3D magnetic fields in the plasma (ELM control in relation to magnetic braking, locked modes, neoclassical modes and RWMs.  Interaction with field errors.

· Promote collaborative experiments on the aforementioned cross-cutting initiatives.

Deliverables and Milestones 2010 (and Forecast following years 2011, 2012 …)

· Co-ordinated experiments on the influence of 3D magnetic field perturbations in the plasma, with applications to ELMs, NTMs, RWMs, in terms of resonant, sideband and non-resonant components and the effect on other instabilities such as locked modes, through changes in the rotation profile, in synergy with theoretical modelling efforts.

NTMs

· Test physics through 3D non-linear code development, modelling and comparison to data, including the threshold and triggering physics and performance limit scaling.

· Study non-linear interaction between modes and with external perturbations, in particular with the aim of extracting basic information to be used in other areas.

ELMs

· Nonlinear code development and more refined modelling using upgraded Edge Current diagnostics in close collaboration with the Transport Topical Group see III.2.1 Physics of L-H Transition, including non-linear evolution, structure and impact of the ELM, and maximum applicability for major cross-cutting 3d non-linear resistive MHD code developments such as JOREX.
· Study the physics of Resonant Magnetic Perturbations, in particular, transport in stochastic magnetic field and effect of plasma flow on error field penetration/magnetic topology. 

· Developing practical application of control tools and integration into scenarios, including clear non-linear model predictions of ELM evolution, contrasted against key regimes of unmitigated and mitigated type I ELMs in EU devices.
RWMs

· Enhancement of numerical codes (e.g. addition of rotation and kinetic damping to RWM analysis, multimodal n=0 + n>0 modelling, fast techniques and their parallelization for dealing with huge computational models see V-2: HPC-FF work programme, inclusion of iron in the wall, development of innovative RWM feedback control schemes).
· Application of enhanced computational models to ITER (e.g. effect of rotation and damping on RWM growth rates, evaluate the impact of rotation and damping on active RWM feedback control requirements, application to ITER of control schemes validated experimentally, ferromagnetic inserts....).
· 
· Study Error field effects on Neoclassical Toroidal Viscosity and the effect of 3d plasma shaping  

· Study tearing modes an error field effects close to RWM limit and interaction with ideal MHD.

Resources 2010
Baseline Support: manpower  25 ppy

Priority Support: manpower 3 ppy, as follows:

· Specific software developments for linear/non-linear MHD studies including 3D geometry and kinetic effects and control as specified above; and 

· Co-ordinated experiments on mitigation and control of MHD instabilities, and in general on cross-cutting initiatives.

III.2 Transport

III.2 Strategic Outlook and Long Term Programme in support of the R&D Mission 5
The further development of plasma scenario, to maximise Q on ITER and achieve the fuelling self-sufficiency constraint on DEMO, depends on multi-particle multi-scale transport phenomena which are far from being fully understood. Despite this intrinsic complexity, very significant progress has been made in understanding and controlling the plasma transport properties across a variety of plasma conditions. A number of essential physics relates to phenomena associated to MHD, PWI, H&CD and are therefore included in other parts of the WP. In terms of Transport, five long term research projects form the core of the programme; A strong experimental and modelling effort is needed to progress these fundamental issues:
L-H transition physics: The edge H-mode pedestal and transition remain unexplained and the large uncertainties still present in the L-H transition power threshold have significant implications in the overall research programme of ITER. At present most experimental evidences strongly support the paradigm of sheared electric field suppression of turbulence to explain pedestal transport, although the underlying mechanisms that generate the electric fields remains an open issue. 
Turbulent electron transport: Ion transport in a wide range of operation scenarios can qualitatively be explained by theory-based models. Transport in other channels, in particular the electron transport, are not understood with the same level of confidence. From a theoretical point of view, two instabilities contribute: large ion scale (ITG/TEM) and smaller electron scale (ETG) instabilities, as well as the interplay of these scales (this is a great challenge for both diagnostics and simulations). This topic is particularly relevant when electron heating dominates as in ITER burning plasmas or ECRH dominated scenarios. 

Particle and impurity transport in standard and advanced tokamak scenarios: The present understanding of impurity sources and accumulation is still insufficient to predict the behaviour of elements over the wide Z range from He to W. More intense comparison between theory and experiments is needed amongst different devices: scaling of transport with Z (to discriminate between turbulent and neoclassical transport in the core); experimental tracking of the ITG to TEM transition (anomalous convection expected to depend on the type of turbulence); impurity accumulation studies in regimes with ITBs; interplay between turbulence in the SOL and edge with impurity and particle source. 

Role of neoclassical and turbulent mechanisms in plasma rotation: Sheared rotation can lead to quenching of turbulence and a subsequent improvement in confinement. Toroidal rotation also increases stability against pressure limiting resistive wall modes. Transport of toroidal / poloidal momentum remains less understood than heat or particle transport. Extrapolating reliably toroidal rotation, in magnitude and profile shape to future tokamaks, such as ITER, remains a challenge, as neither momentum transport nor sources are known precisely and toroidal rotation driven by momentum from neutral beam injection (NBI) will be limited. It is essential to study the other mechanisms which can drive and transport plasma rotation (plasma turbulence, fast particles and neoclassical mechanisms). 

Statistical properties of edge turbulent transport: The determination of the particle sources from the wall and the understanding of the behaviour of impurities in the edge plasma region is needed to predict the impurity concentration in the plasma in various operational regimes (fuelling, ash removal, impurity seeding etc.). The role of edge intermittent transport (including ELMs) in determining the erosion of particles from the walls, as well as the production of diffusive and convective fluxes of particles which cross the last close flux surface requires more investigation and could provide a bridge between plasma-wall and edge transport mechanisms.

III.2.1 Physics of L-H Transition

Mid Term Objectives (2010/2011)

The WP focuses on the triggering mechanism (e.g. sheared flow), on the plasma turbulent behaviour at the transition, on the influence of resonant perturbations (for ELM control) on the L-H transition power threshold, and on the hysteresis of forward/backward L/H transition. Significant diagnostic developments are first of all needed to progress this issue:

Pedestal width and height: focus on Ti measurements.

Edge Plasma current with appropriate spatial and time resolution. 

Neutral density profiles with high spatial (1%) and time resolution (0.1ms).

Radial electric field Er with high spatial (1%) and time resolution (0.1ms) and independent plasma rotation: ExB shear role on edge turbulence suppression; Er evolution during the L-H transition; edge momentum role on confinement. 

Turbulence diagnostics: suppression of turbulence and improved edge confinement: fluctuation levels of density temperature and magnetic signals, correlation lengths (radial, poloidal and long range toroidal), independent of plasma parameters. 

This topic is given the highest priority in terms of P.S. within Transport.
Deliverables and Milestones 2010 

Triggering of the L-H transition: 

· Improvement of the diagnostic capabilities for DC and fluctuation radial electric fields and measurements during edge transport bifurcations. 

· Experiments and analysis of the role of the DC/fluctuating electric field on the L-H transition and transport barrier formation.

Role of multi-scale mechanism in the L-H transition: 

· Experimental and modelling investigation of the underlying physics mechanisms linking DC electric fields and the development of zonal flows (in continuation of WP 2008/09 studies showing the amplification of multi-scale mechanisms by externally imposed electric fields in stellarators and tokamaks). 

Pedestal width physics: 

· Multi-machine experiments with simultaneous measurements of profile and fluctuation, to quantify the importance of turbulence / neoclassical mechanisms in setting the pedestal structure (relation between electron, ion, density and Er widths with / without external resonant magnetic perturbations (RMPs), the pedestal and Er evolution in between ELMs and the role of turbulence spreading ).
L-H power threshold and ELM control techniques: 

· Experimental investigation of L-H power threshold with ergodic divertor / resonant magnetic perturbation with different n number; density and Bt dependence; in collaboration with the MHD Topical Group see III.1.3. 

· Tokamak-stellarators comparative studies (in particular role of magnetic shear and q).
Hysteresis L/H vs H/L: 

· Comparative studies in different plasma regimes and description of the transitions in terms of local / global plasma parameters.

Role of atomic physics mechanisms: 

· Investigation of the underlying mechanisms linking wall conditions (clean vs dirty plasmas, neutrals, ….) and L-H transition conditions.

Resources 2010 

Baseline Support: manpower 4 ppy

Priority Support: manpower 6 ppy, 400 keuro of hardware
· Diagnostics hardware for improved measurements key parameters related to L-H transition (Edge Currents, Flows, Neutral densities and Turbulence) in support of detailed physics studies, including co-ordinated experiments and related simulations.

· 
III.2.2 Turbulent electron transport: experimental search of turbulence and transport at small scales

Mid Term Objectives (2010/2012)

· Electron transport studies in various heating schemes and magnetic geometries.

· Feasibility studies of plasma diagnostics for high k instabilities.

· Interplay between high k and low k instabilities.
· Use of existing diagnostics and development of new systems for small-scale fluctuations. Characterization of plasma conditions which exceed or not the predicted linear ETG thresholds.

· Numerical simulations of multi-scale turbulence and transport, which include kinetic effects at realistic mass ratio, relevant for comparisons with the experimental measurements. 
Deliverables and Milestones 2010 

· Development of simulation tools of turbulence and transport to characterize the role of small scales turbulence on electron transport, in collaboration with the ITM taskforce, see chapter V.
· Perform feasibility studies of plasma diagnostics for high k instabilities. 

Resources 2010 

Baseline Support: manpower 3 ppy

Priority Support: manpower 1.5 ppy, 100 keuro of hardware.
· Diagnostics hardware for improved measurements of key parameters related to electron transport in support of detailed physics studies
· Co-ordinated experiments and related simulations.

III.2.3 Particle and impurity transport in standard and advanced tokamak scenarios

Mid Term Objectives (2010/2012)
· Continuation and extension of the study the impurity transport (in combination with fluctuation measurements, when experimentally feasible) from standard to advanced tokamak scenarios, with particular focus on the behaviour of electrons, light and heavy impurities in the presence of an ITB. These studies are of particular interest in scenarios were a large fraction of non-inductive current is achieved. 

Deliverables and Milestones 2010 

· Coordinated experiments on impurity transport to validate the paradigm of the ITG / TEM / ETG theory, by performing impurity transport measurements, profile measurements and fluctuations.

· Explore experimentally the behaviour of the electron density profile and impurity transport before, during and after internal heat transport barriers with different strength and at different temperature ratios.

· Impact of central electron heating, as expected in ITER alpha heated discharges, on the strength of the barrier, on both electron and ion temperatures as well as on particle and impurity densities.

Resources 2010 

Baseline Support: manpower 3 ppy

Priority Support: manpower 0.5 ppy, 50 keuro of hardware.
· Diagnostics hardware for improved measurements of key parameters related to impurity transport in support of detailed physics studies. 

· Co-ordinated experiments and related simulations..

III.2.4 Role of neoclassical and turbulent mechanisms in plasma rotation

Mid Term Objectives (2010/2012)
· The work programme 2008/09 should lead to improved diagnostic capabilities for rotation measurements. The workprogramme 2010 and the following ones shall develop this research activity taking advantage of the new diagnostics capability.
Deliverables and Milestones 2010 

· Systematic comparisons between experimental measurements of rotation with neoclassical and turbulent mechanisms (L-, H- and improved confinement modes).

Resources 2010 

Baseline Support: manpower 3 ppy

Priority Support: manpower 0.5 ppy, 50 keuro of hardware.

· Diagnostics hardware for improved measurements of key parameters related to turbulent mechanisms in plasma rotation in support of detailed physics studies. 

· Co-ordinated experiments.

III.2.5 Statistical properties of edge turbulent transport

Mid Term Objectives (2010/2012)
· The work programme 2008/09 should lead to improved edge diagnostic capabilities. In the following WPs further experiments aiming at characterizing the edge and SOL particle transport will be performed and the modelling capabilities reinforced.

Deliverables and Milestones 2010 

· Characterization of the filamentary and intermittent edge and SOL turbulence in various devices (RFP, Tokamaks and Stellarators). 

· Modelling of edge turbulent transport: comparison with experimental results.

· Modelling using the Test particle approach to study the thermal test particle experiments (using gas puffing and tracer pellets) and the supra-thermal test particles (using fast ion sources).

Resources 2010 

Baseline Support: manpower 3 ppy

Priority Support: manpower 0.5 ppy, 50 keuro of hardware.

· Diagnostics hardware for improved measurements of key parameters related to edge turbulent transport in support of detailed physics studies.

· Co-ordinated experiments.

III.3 H&CD and Fuelling Physics

III.3.1 H&CD Physics tasks
Strategic Outlook and Long Term Programme in support of the R&D Missions I, II and IV

R&D Mission I (Burning Plasma): 
Experimental simulation of non-linear burning plasma
Alpha particle heating can be simulated using ICRH driven is real-time proportionally to the DT reactivity with a component of the LHCD, to simulate the bootstrap current. 
R&D Mission II (Reliable Tokamak Operation): 

Reliability of Plasma Operation (conditioning and initiation): 

ICRF assisted wall conditioning: With toroidal magnetic field on, plasma production with ICRF is a promising method available to clean machine walls, reset wall initial condition, deposit layers if required, de-tritiate after discharges. A description of these low density and low temperature partially ionized plasmas is needed.
Plasma initiation: The use of the heating systems (ECRH, ICRH and optional LHCD) in ITER during this first phase of the plasma discharges needs to be documented, in particular the plasma initiation and the volt-second consumption up to the burn-through phase. The results of the modelling and experiments could have an impact on the plans for the ITER hardware.
Reliability of ICRH and LHCD:

RF Coupling: Coupling ICRH and LHCD power in fusion devices with respect to the H-mode edge conditions and the long distance between the antennas and the plasma expected in future devices requires attention. One of the objectives is to develop approaches to increase the reliable power density to address the present low forecast for ITER. The Long pulse operation of the RF systems also claims for a better understanding and management of the various mechanisms leading to local heat loads and impurity generation. 

Arc detection for ITER ICRH system: Arc detection development and testing is needed for reliable and safe ICRH operation. New ideas for an integrated solution fully protecting the future antennas have to be analysed, with tests carried out in present devices.

Arcing and Election Magnetic compatibility of H&CD systems: All associated or nearby control systems for EC must be robust against electro magnetic perturbations during testing and operations (arcs). Compatibility criteria and testing procedures are needed. 
Neutral Pressure in front of RF antennas: The knowledge of the density profile in the scrape-off layer and edge in front of the antenna and ideally at different poloidal locations would allow better understanding of sheath effects and convective cell generation by the RF and therefore the RF coupling. Measurement of the neutral pressure in front of the RF antennas is urgently needed.
Edge plasma modelling
Modelling of the scrape-off plasma is not in a stage of sufficient validation to provide reliable predictions that could be used e.g. to evaluate the performance (in terms of coupling and sheath effects) of ICRH antennas for ITER. Therefore, it is important to increase the effort in this area by improving models and modelling of the available experimental data, in close collaboration with the ITM task force.

Reliability of ECH and ECCD:
Real-time polarization control for ITER EC system: Reliability of long pulse ECH and ECCD requires feedback control and optimized polarization to avoid shine through (O2) or reflection (X1) interactions with the first wall and/or diagnostics. Techniques to measure these interactions and to minimize them need to be studied and documented, with test carried out in present devices. 
R&D Mission IV (Long pulse and steady state):

Specific H&CD physics for ITER \

Non-Activated phase: ITER will start operation with hydrogen and deuterium plasmas for which the H&CD systems have not been optimised. An assessment of the H&CD capability/limitations and the commissioning and operational plan are needed.
DT operation scenarios: Further investigations of the power deposition and current drive distribution across the plasma in H-modes and advanced scenarios are needed, including an assessment of the requirements on H&CD systems. 
Long pulse operation: Reliability requirement stems from a need to keep control over the beta and plasma inductance evolution throughout the discharge due to the limitations of the poloidal field magnets in ITER. As a result, for nearly all ITER discharges the heating system will have to demonstrate long pulse capability.
Off-axis Current drive and rotation 

NBI and LH off-axis current drive efficiency

The capability of driving off-axis current drive is a key issue for the development of long pulse operation in ITER and DEMO. Further work is needed to characterise the NBI and LH off-axis current drive efficiency.
Fast wave off-axis current drive

High frequency fast-wave (HFFW) electron H&CD is envisaged in substitution to off-axis NBCD or in DEMO in substitution to LH off-axis CD. As the frequency of the HFFW would be substantially higher than the cyclotron frequency (up to somewhat below the LH) the coupling is expected to be much higher than for the present ICRH antennas. It is reasonable at this stage to launch an ITER relevant or DEMO related study to sort out theoretically, using up-to-date codes, the potential of such a scheme and to identify the type and characteristics of the antenna and RF power sources that would be required (Part I). If such a scheme would look promising test experiments could subsequently be proposed on existing machines (Part II).. Some attempts and results from US (NSTX) are available.
Deliverables and Milestones 2010 
R&D Mission I (Burning Plasma):

Experimental non-linear burning plasma Perform experimental demonstrations of non-linear burning plasma dynamics in the Advanced Scenarios. (The milestones strongly depend upon the EU tokamaks’ experimental programmes). Perform further work to improve the predictive modelling of such discharges.

R&D Mission II (Reliable Tokamak Operation):

Plasma initiation assist with H&CD systems Analyse parameter space resulting from RF assisted plasma initiation and perform experimental and modelling work necessary for the production of a final report.

ICRF assisted wall conditioning Perform experimental and modelling work needed for the completion of a final report on procedures for ICRF assisted wall conditioning 
Arc detection for ITER ICRH system Perform experimental and modelling work needed for the completion of a final report on an improved and qualified ICRH arc detection systems.
RF Coupling Perform further experiments and increase effort in edge plasma modelling in particular in the area of sheath effect.
EM compatibility of H&CD systems during arcing Continue the activity: experiments and modelling in particular trying to get as close as possible to ITER relevant cases.
Neutral Pressure in front of RF antennas Experiments following upgrades of the diagnostics for the measurement of the neutral pressure in front of the RF antennas.

Edge plasma modelling

The modelling of experiments on RF sheath effects with improved tools.
Real-time polarization control for ITER EC system Perform experimental and modelling work necessary for a final report on polarization control.
R&D Mission IV (Long pulse and steady state):

ITER specific physics

Assessment of the H&CD capability/limitations, commissioning and operational plan in the non-activated phase of ITER.
Model the plasma evolution in the operational space by performing further experiments and modelling of DT operation scenarios.
Determine through detailed modelling the drawbacks in H&CD systems in terms of reliability and performance in view of long pulse operation. 
Current drive and rotation 

Perform necessary experimental and modelling work for a final report on characterization of (off-axis) Current Drive and Rotation capability of NBI. 

Fast wave off-axis current drive 

Perform theoretical investigation on the potential of such a scheme and identification of the type and characteristics of the antenna and RF power sources required. It is likely that some modelling tools should be upgraded and/or developed in purpose (Part I). If such a scheme would look promising test experiments could subsequently be proposed on existing machines (Part II).
Resources 2010 
R&D Mission I (Burning Plasma)
Baseline Support: manpower 3 ppy 
R&D Mission II (Reliable Tokamak Operation)

Baseline Support: manpower 21 ppy
R&D Mission IV (Long pulse and steady state)

Baseline Support: manpower 7 ppy
Priority Support: manpower 3 ppy for fast wave off-axis current drive physics, antenna modelling, power sources and co-ordination (1.5 for H/CD physics and code adaptation, 1 for antenna modelling, 0.5 for power sources).
III.3.2 Plasma Fuelling Physics
Strategic Outlook and Long Term Programme in support of the R&D Missions.
R&D Mission I (Burning Plasma): fuelling is not integrated in the modeling of ITER plasma scenarios, while a number of issues should be addressed in preparation of the burning plasma experiments: control of D-T mix, burn-up fraction, He content).
R&D Mission II (reliable operation): A better definition of the pumping systems in present machines is needed to validate the pumping solutions for ITER, compatible with additional fuelling for ELM mitigation. This requires better and validated modelling tools to be made available.
The fuelling in ITER relies on slow pellets, injected from the high field side, and on the grad B drift to increase core fuelling efficiency. Pellet physics is not yet fully understood, in particular, the penetration due to the grad-B drift effect, and impact on the L-H threshold and ELM triggering. Further efforts are needed to clearly distinguish pellet injection needs in terms of fuelling and ELM pace-making. This would benefit from an improved coordination of the modelling efforts in the area of pellet injection physics.
DEMO differs from ITER by the condition of the Tritium self-sufficiency, adding constraints on the tokamak wall structure to accommodate Blacket modules, which may affect the plasma SOL physics. Intense collaboration with engineers will be needed in order to progress in obtaining the experimental base for the modelling of the DEMO pumping systems.
Mid Term Objectives 
· Bring the modelling communities together in the area of neutral flows in the divertor, pumps and ducts to validate the pumping solutions for ITER, compatible with additional fuelling for ELM mitigation. 
· Wall conditioning in view of reactor conditions need further analysis: in particular taking into account the consequences of massive gas injection for disruption mitigation and the different technologies for wall conditioning.
· Progress towards ITER relevant fuelling conditions.

· Start integration of fuelling in modeling ITER plasma scenarios (pellet penetration, control of D-T mix, burn-up fraction, He content).
Co-ordination of the European modelling efforts in the area of pellet injection physics.

Deliverables and Milestones 2010 (and Forecast following years 2011, 2012 …)
· Perform integrated pellet fuelling experiments, pushing the divertor parameters and fuelling/pumping towards ITER values to validate scenarios
· Start setting up pellet fuelling databases. 
· Analyse the consequences of slow ITER pumping rate on scenarios (modelling).

· Start a coordinated effort of predictive modelling for gas flow coupling the divertor, pumping, and duct systems. 
· Further develop and validate modelling in the frame of a new coordinated effort on pellet physics: drift, dispersion and evaporation in particular in the pedestal, as well as impact on the plasma such as the L-H power threshold, ELM triggering.

· Elaborate a proposal for integration of fuelling in modeling ITER plasma scenarios. 
Resources 2010 

Baseline Support: manpower 4 ppy

III.4 DEMO physics and Plasma Scenarios

Strategic Outlook and Long Term Programme in support of the R&D Missions.
Mission IV: long/steady state scenarios applicable on DEMO: Develop suitable integrated scenarios (H&CD, control, fuelling, pumping, diagnostics) compatible with steady state or long pulse operation and the choice of materials for the plasma facing components. Associate physics, technology and engineering to produce a fully consistent range of parameters for each scenario. The benefits and drawbacks of the continuous and quasi-continuous scenarios should be assessed quantitatively and be given a figure of merit, as a guide to the following R&D activities.
Mid Term Objectives 

· Define the stability margins with respect to perturbations of assigned current and pressure profiles for high β plasmas in tokamak reactors 
· Define the requests on possible controlling tools, heating and/or coils. (Modelling equilibriums, MHD, RWM, NTM).

· Define the needs for non inductive current drive for an advanced scenario (Modelling the off-axis current drive NNBICD, LHCD, bootstrap, scenario development). 

· Define the maximum radiation level that can be achieved in a burning plasma for different impurity mix (low and high Z), still preserving the requested confinement (Modelling impurity transport in a burning plasma with different pressure and current profiles and the physics of the pedestal).
· Study the effect on the MHD stability (core and edge) of a burning plasma with the strong perturbation due to pellets (Modelling equilibriums, MHD, RWM, NTM, ELMs).
· Code simulation of full non-inductive scenarios for DEMO, define the range for the required external power.
Deliverables and Milestones 2010 

Reports on the progress of the tasks that will be launched on the previous items. 

Resources 2010 
Baseline Support: manpower 3 ppy

Summary of Resources under Priority Support for Chapter III
	Work Programme Reference
	Topic
	ppy
	Manpower Est. Cost
(kEuros)
	Hardware
(kEuros)
	Total EC Cont.
(kEuros)
	Rationale for use of Priority Support

	III.1.2 
	Disruptions (Vessel Forces, Runways, Heat Control)
	3
	72
	250
	172
	Specific software developments for non-linear MHD studies. Support for co-ordinated experiments.
Hardware: diagnostics for improved measurements of runway electron beam and impurity dynamics, halo currents and vessel forces. 

	III.1.3
	Sawtooth and Tearing Modes (NTMs), Edge Localised Modes (ELMs) and Stability at high Beta (RWMs) 
	3
	72
	 
	72
	Specific software developments for linear/non-linear MHD studies including 3D geometry and kinetic effects. Co-ordinated experiments on mitigation and control of MHD instabilities.

	III.2.1 
	Physics of LH-Transition:
- Edge Currents
	2
	48
	100
	88
	Diagnostics hardware for improved measurements of key parameters related to L-H transition (Edge Currents, Flows, Neutral densities and Turbulence) in support of detailed physics studies, including co-ordinated experiments.

	III.2.1 
	- Poloidal and Toroidal flows/rotation measurements, Electric Field and Ion Temperature 
	2
	48
	200
	128
	

	III.2.1 
	- Neutral density profiles in the SOL and pedestal
	1
	24
	50
	44
	

	III.2.1 
	- Turbulence spreading diagnostics
	1
	24
	50
	44
	

	III.2.2 
	Electron Transport 
	1.5
	36
	100
	76
	Diagnostics hardware for improved measurements of key parameters related to electron transport in support of detailed physics studies, including co-ordinated experiments.

	III.2.3
	Particle and impurity transport in standard and advanced tokamak scenarios
	0.5
	12
	50
	32
	Diagnostics hardware for improved measurements of key parameters related to impurity transport in support of detailed physics studies, including co-ordinated experiments.

	III.2.4
	Role of neoclassical and turbulent mechanisms in plasma rotation
	0.5
	12
	50
	32
	Diagnostics hardware for improved measurements of key parameters related to turbulent mechanisms in plasma rotation in support of detailed physics studies, including co-ordinated experiments.

	III.2.5
	Statistical properties of edge turbulent transport
	0.5
	12
	50
	32
	Diagnostics hardware for improved measurements of key parameters related to edge turbulent transport in support of detailed physics studies, including co-ordinated experiments.

	III.3.1
	H&CD Physics tasks
	3
	72
	 
	72
	Fast wave off-axis current drive physics, antenna modelling, power sources and co-ordination. 

	 
	Total
	18
	432
	900
	792
	 


Chapter IV: Coordinated Activities on Plasma Wall Interaction

The PWI WP 2010 (and projected2011) addresses directly the 3rd R&D Mission for the European Fusion Programme connected with the “First wall materials and compatibility with ITRER/DEMO relevant plasmas”. It is well in line with the list of ITER high priority PWI issues, which has been discussed in several meetings in 2008 ([1], [2], [3]), as well as with the ITPA Divertor and SOL R&D plan ([4]), and concentrates on the topics of control of transient heat loads, fuel retention, dust production, and material migration, including issues related to high-Z materials.

The Task Force structure, which includes 7 Special Expert Working groups (SEWGs, see list in table 1) is kept for 2010 (and provisionally in2011). However, the scope of the SEWG on Fuel removal is enlarged to include wall conditioning aspects.

New elements include the effect of seeded impurities on PWI in view of a more integrated plasma scenario, as well as the impact of loss of divertor detachment and RF cleaning processes, following recent concerns from the ITER IO. A strong effort is also put on the tungsten R&D, around the exploitation of full W ASDEX Upgrade and the preparation of the ITER Like Wall project at JET. The WP2010 (and projected2011) will finally set a reinforced emphasis on the interpretative modelling, to benchmark codes used to predict PWI in ITER (B2-Eirene, ERO, DIVIMP …) against present day tokamak data. This will be done in close connection with the ITM Task Force, more focussed on codes development. 

The present WP will be performed in collaboration with the other EFDA TG/TF, concerning ELMs (TG MHD and Transport), disruptions (TG MHD), RF conditioning (TG Heating and Current Drive) or the application of W PFCs (TG Materials). In particular, in the field of ELMs and disruptions, it is proposed to support common experiments/analysis with TGs MHD and Transport, concentrating on the assessment of heat and particle fluxes for the PWI TF. A jointly organised workshop (MHD TG, ITM TF and PWI TF) will take place early 2009 to define a common strategy. Diagnostics development (e.g. on dust or fast transients measurements) will be performed in close connection with the Diagnostic TG.

The SEWGs on fuel removal and dust will focus on experimental studies and the coupled modelling, in close connection to the EFDA Emerging Technology Dust and Tritium Programme, which will concentrate on the associated technology development needed for application to ITER. In particular, activities concerning diagnostics for dust and the development of dust removal techniques will be carried out in the frame of EFDA Emerging Technology. It is recommended that both the PWI TF and the EFDA Emerging Technology issue their call for interest conjointly to ensure an optimized answer from associations.

Concerning bilateral collaborations with the US and the RF, it is proposed that the PWI TF concentrates on the physics studies, while F4E will manage the more technology oriented parts of the programme. Therefore, the collaboration with the US (materials studies in the PISCES facility) remains under the PWI TF management. For the collaboration with the RF, the high heat flux testing programme with Russian plasma guns will be managed by F4E, while the associated modelling (melt layers etc.) and dust analysis remains under the PWI TF. A good coordination will be needed between F4E and the SEWGs on Transient Heat Loads, Dust and High-Z materials.

Table 1 summarizes the proposed Task Agreements (TAs) for 2010 and their main objectives, in continuation of the effort undertaken in 2009. Indicative estimates of the associated resources (budget and manpower) are also given. Depending on the response from the associations to the corresponding call for interest, these numbers may vary between TAs, but are expected to stay within the overall estimated resources required for the implementation of the TF Work Programme: 

· 91 ppy of manpower under baseline support
· 23.75 ppy of manpower under priority support
· 400 k€ for hardware investments 
· 350 k€ for missions covered by Mobility Agreement.
It is expected that in 2011 a similar level of resources will be necessary to fulfil the objectives of the PWI WP.

Priority support actions are proposed to be structured as shown in table 1, with a specific emphasis on activities related to high-Z materials and disruptions, following ITER IO high priority list of issues. They will be specified in detail in the corresponding call for expression of interest to the associations and will be monitored closely by EFDA. 

The deliverables for each TA will be detailed in the corresponding call for expression of interest and will mainly consist of technical reports from facilities involved in the execution of the PWI WP according to the specified objectives by November 2010 (and 2011 respectively). This will be supplemented by end 2010 (and 2011 respectively) by synthetic analysis delivered by groups of experts involved in the programme, highlighting the main achievements, giving recommendation for future work and implications for ITER 

[1] D. Campbell, ITER physics Work Programme, IC-STAC5, October 2008, Cadarache

[2] D. Campbell, ITER physics research needs and ITPA contribution, ITPA Coordinating Committee , June 2008, Aix en Provence

[3] R. Pitts et al., Proposed near term R&D programme for ITER plasma-surface interactions and edge physics, October 2008

[4] B. Lipschultz et al., ITPA Divertor and SOL R&D plan, IEA-ITPA meeting, MIT, December 2008
Table 1 : Summary of Task agreements proposed for 2010 and associated resources
	
	Proposed Task Agreements for 2010
	Main Objectives
	Manpower BS (ppy)
	Manpower PS (ppy)
	Hardware PS (k€)
	Mobility (k€)

	PWI TF
	TF Coordination

SEWG Coordination
	Coordinate the activities within the PWI TF and monitoring of the task agreements
	
	2.75
	
	

	SEWG Fuel retention
	TA-1: Fuel retention analysis as a function of wall materials foreseen for ITER
	Establish multi machine scaling of fuel retention for ITER

Characterisation of retention mechanisms using particle balance and post mortem analysis
	7
	3
	50
	50 

	SEWG Fuel removal
	TA-2 : Exploration of fuel removal methods compatible with retention in mixed materials and metals, including beryllium
	Investigate wall conditioning techniques (particularly RF conditioning) in tokamaks

Assess efficiency of developed fuel removal methods (chemical and photonic) in metals and mixed materials, in particular for tile gap cleaning
	12
	2
	40
	50

	SEWG Dust in Fusion Devices
	TA-3: Dust generation and characterization in different devices
	Assess dust generation (in particular conversion factor from material erosion to dust) and dust properties in tokamaks. 

Improve understanding of the impact of dust formation on the plasma performance and operation
	10
	1.5
	50
	50

	SEWG Material Migration 
	TA-4: Erosion, transport and deposition of wall materials
	Cross machine comparisons of main wall erosion and local re- and co-deposition

Characterisation of the migration of impurities from main chamber to the divertor 
Improvement of the material migration codes
	17
	3
	30
	50 

	SEWG High-Z Materials and Liquid metals
	TA-5: Development of the PWI basis in support of integrated high-Z scenarios for ITER. 
Demonstration of liquid plasma-facing components
	Investigations of PWI in a full-W device, including PWI interpretative modelling for W migration
Damage of metal PFCs under high heat fluxes

Studies of liquid metal PFCs
	22
	4
	80
	50

	SEWG ITER Material Mix
	TA-6: Determination of expected alloys and compounds and their influence on PWI processes
	Investigations of formation and properties of mixed materials, in particular under transient thermal excursions.
Studies of fuel retention in mixed materials
Improvement of material mixing modelling 
	9
	2
	30
	50

	SEWG Transient Heat Loads
	TA-7: Mitigation of disruptions

and investigation of ELM and inter-ELM heat loads
	Assessment of heat and particle fluxes during ELMs and disruptions 

Optimisation of disruption mitigation techniques
	14
	5.5
	120
	50

	TOTAL
	
	
	91
	23.75
	400
	300


Chapter V: Coordinated Activities on Theory and Integrated Modelling
V-1 ITM

V.1.0   Introduction 

The longer term goal of the ITM-TF is to provide the European fusion community with a validated suite of simulation tools for ITER exploitation and to provide the basis for a complete simulation environment for fusion plasmas. This developed set of tools should also be made available for modelling on current devices and in support of theory and modelling in general. The implementation of the ITM-TF has so far been under a project structure with the Infrastructure and Software Integration project in charge of developing the ITM-TF infrastructure tools and with five Integrated Modelling Projects (IMPs) developing the physics modelling capacity of the ITM-TF. In addition, a set of additional Tasks are being implemented as Tasks under the Task Force Leadership. The IMPs have dual responsibilities in that they should continue to develop and manifest the physics foundations for Integrated Modelling in standalone packages targeting the code platform environment while they are also supporting the integration efforts towards scenario modelling tools

ITM-TF activities are structured under Art. 5 Task Agreements with additional Priority Support for Coordination and Support activities and a selected set of high priority tasks. 

V.1.1   Strategic Outlook and Long Term Programme 

Overall the current ITM programme is well on the path towards the 2010/11 milestones:
· 2008: Start of the Gateway for Integrated Modelling and deployment of the Code Platform 
· 2009: Extended set of platform tools forming a predictive core physics capacity for ITER

· 2011: Whole device modelling capability including comprehensive core-edge coupling and first principles elements.
V.1.2   Objectives for the ITM Projects in 2010/2011:

In terms of physics development ITM-TF will be continuing the path already set up through previous years work programmes. During 2009 an essentially complete set of data structures will be supported by a code platform capable of supporting the full range of workflow components to cover even very complex physics modelling needs. Hence work in the Integrated Modelling Projects will be focussed on incorporation of new modules and promoting their use in advanced applications. In particular, it is expected that the following would be addressed in 2010 in addition to continued activities from 2009.
V.1.3   Deliverables and Milestones in 2010 (additions to certain tasks are also foreseen in 2011):

· A more comprehensive support structure is needed to cover user support while continue to provide further developments towards platform enhancements while maintaining a robust production level platform (ISIP)
· Development for Grid and HPC need to be migrated from EUFORIA to ITM (ISIP)
· Continue work on 3D equilibria (including reconstruction and MHD stability) (IMP1)
· Validation of MHD stability codes (e.g., disruptive limits and edge stability limits) should continue in close collaboration with the MHD TG and relevant experiments (IMP1)
· A continued development activity on free boundary equilibrium codes should be considered, if needed. (IMP1)
· A renewed effort to integrate non-linear MHD code(s) into KEPLER should be considered (lack of manpower/tools for 2008/09 work programmes) (IMP2)

· The capability for simulating the edge will be extended to include kinetic modelling of various aspects, modelling of 3d effects as well as detailed modelling of the interactions of the plasma with the targets and walls. (IMP3)

· European Transport Solver (mainly IMP3 – with physics input from other IMPs and support form ISIP)
· Continuing development of the ETS with additional modules being incorporated, as well as V&V efforts of these modules. 
· Continuing comparison of consolidated ETS workflows with existent 1d transport codes and ITER scenario modelling. (Links to the ISM activities should also be strengthened)
· Introduction of first principles elements into ETS and other advanced workflows, (IMP4)

· Continued development building on the free boundary capability activities already started under 2009, including focused efforts on control aspects 
· ISM is moving to a stronger integration into the ITM-TF activities and should largely be using ITM-TF developed tools by end 2010.
· Start of the development of a general ion Fokker-Planck solver is planned for 2010. (IMP5)

· A closer integration of synthetic diagnostics into the ITM-TF chain of tools is also foreseen. (EDRG)

· A standard toolset for AMNS data should be delivered. (AMNS)
· Testing of feedback plasma control strategies should be brought as a strong activity within ITM-TF and the structure for how this is developed should be reviewed (currently in EDRG, IMP1, IMP2, IMP3)
V.1.4  Integration activities:

The list of activities and the relation to the different projects is hiding one expected development consequence of a stronger integration. The ISIP roles towards support and development and additional tasks towards supporting Grid and HPC infrastructure within the ITM-TF environment additional staffing will be required. A moderate increase of manpower is likely needed towards specific activities or tasks where Priority Support is already now in use or foreseen.

V.1.5  Collaborative activities:

The activities of ITER in the Integrated Modelling Arena need to be taken into account and a structure to support the development(s) should be put in place. ITM-TF will also be in a position to support more directly the short term modelling needs for the different Topical Groups, ITPA and F4E. To leverage these different activities into a more coherent European activity, increased coordination activities and standardization towards joint tools, structures and formats needed.

Tools and activities in relation to EUFORIA need to be given higher priority and specific measures to secure the continuation of support by end of 2010 need to be planned. 

V.1.6  Resources for the 2010 programme:
Resources under EFDA Art 5 

	2010 
	BS (ppy)
	PS (ppy)
	Total (ppy) 
	Mobility (keuro)

	TF leadership
	 
	2
	2 
	80

	ISIP
	0 
	8.75
	8.75 
	120

	IMP#1
	3.5
	4.5
	8
	50

	IMP#2
	6
	1.0
	7 
	100

	IMP#3
	9
	4.5
	13.5
	180

	IMP#4
	6
	0.5 
	6.5
	80

	IMP#5
	10
	2
	12 
	80

	TFL Tasks -AMNS
	2
	2
	4 
	15

	TFL Tasks -EDRG
	3
	3
	6 
	25

	TFL Tasks -ISM
	4
	0.5
	4.5 
	120

	TFL Tasks ITT
	 
	2
	2 
	80

	 
	43.5
	30.75
	74.25 
	930


Other resources
Support Action under EFDA of up to EUR 240 000 will be launched for the provision of essential services to the Integrated Tokamak Modelling task force (ITM-TF), in particular for the support and development of its simulation infrastructure.
V-2: HPC-FF work programme
To be presented at STAC and EFDA SC late in 2009, due to start of this new activity in 2009 
Chapter VI: Emerging Technologies

VI.1      Diagnostics

VI.1.1: Burning Plasma Diagnostics

Strategic Outlook and Long Term Programme in support R&D Mission I (Burning Plasma).

Information on many key plasma parameters in ITER will be derived from diagnosing the fusion products. Several tasks in this category were launched in the EFDA WP 2008/2009 as part of a long term programme. These tasks include:

Confined Alphas: A comparison of different diagnostic systems for fast ion measurements, and fast alphas in particular, on a single fusion device.
Escaping Alphas: Feasibility studies of proposed escaping alpha diagnostics (activation probes, scintillators). 

Fuel Ion Ratio: Demonstrations of various techniques proposed for measuring the fuel ion ratio. 

Neutronics: Development of a high-resolution neutron spectrometer, at the smallest collimator diameter.

Objectives of the 2010/11 WPs 
Confined Alphas: Perform experiments in present device and feasibility studies.
Escaping Alphas: Perform experiments in present device and simulation of the lost alpha distribution.
Fuel Ion Ratio: Experiments on present devices to assess which (combination of) techniques needs to be implemented on ITER to match the measurement requirements, i.e. techniques that give the information required for burning plasma studies and burn control in ITER and future devices, D-T ratio information in the SOL as well as in the core.  
Neutronics: Development of the diagnostic which will have demonstrated (WP2008-2009) the best performance at the smallest collimator diameter.
Deliverables and Milestones 2010 
Confined alpha particle: feasibility demonstration
Escaping alpha measurements: demonstration of at least one detection technique. 
Fuel ion ratio: demonstrate the measurement requirements in ITER. 
High resolution neutron spectroscopy: engineering design of the selected diagnostic. 
Resources 2010 

Baseline Support: manpower 6 ppy

Priority Support: manpower 6 ppy, 300 keuro of hardware.

· Diagnostics hardware for improved measurements of fusion products (alpha and neutrons) and fuel ion ratio, in support of diagnostic developments for ITER and physics studies in present machines.

· Co-ordinated experiments.

VI.1.2: Diagnostics for protection of plasma facing components

Strategic Outlook and Long Term Programme in support of R&D Missions II (reliable operation).

Efficient and reliable methods to automatically analyze the frames of infrared (IR) thermography in real time for feedback purposes have to be developed. Moreover solutions to overcome the problems posed by thermography on metallic surfaces need to be consolidated. 

Objectives of the 2010/11 WPs and Relation to the 2008/09 WP 

Assess multi-colour pyroreflectometry and bicolour IR thermography as well as fast intelligent video diagnostics and fast recognition of hot spot. 
Deliverables and Milestones 2010 
· Feasibility studies, procurement and installation of multi-colour pyroreflectometry and bicolour IR thermography, incorporating the automatic fast algorithms for recognition of hot spots, integrated with the real time control activities see VI.1.6 and in close collaboration with the PWI Taskforce see chapter IV.  

Resources 2010 
Baseline Support: manpower 8 ppy

Priority Support: manpower 4 ppy, 400 keuro of hardware.

· Diagnostics hardware for development of Thermography for Metallic Walls.

· Co-ordinated experiments on mitigation and control of heat loads.
VI.1.3: Diagnostics for long pulse Tokamak operation
Strategic Outlook and Long Term Programme in support of R&D Mission IV.
A back up technique to measure the gap between the separatrix and the first wall – part of the European Diagnostics Procurement Package for ITER – is plasma position reflectometry. Additional, new types of magnetic field sensors are being developed (magnetic strain gauges, Hall probes) that need to be tested. 

Objectives of the 2010/11 WPs 
· Further developments to bring the reflectometer system to a routine status. 
· New types of magnetic field sensors that have been recently proposed need to be further developed and tested. 
Deliverables and Milestones 2010 

· Plasma position reflectometer incorporated in a feedback control loop.
· Tests of new magnetic field sensors (eg. strain gauges, Hall probes). 
Resources 2010 
Baseline Support: manpower 2 ppy

Priority Support: manpower 1 ppy, 25 keuro of hardware.

· Development of plasma position control in long pulse operation; implementation and tests in present machines.

· Co-ordinated experiments.

VI.1.4: First mirror modelling and exposure diagnostics

Strategic Outlook and Long Term Programme in support of the R&D Mission II (reliable operation).
A detailed roadmap for the research in the field of first mirrors has been developed in the framework of ITPA. The European activities will be carried out in this framework.
Objectives of the 2010/2011 Work Programmes
To make optimum use of the available budget in the various partners (ITER IO, F4E, EFDA, USDA and JADA) a meeting is foreseen on a rather short term (summer ’09) to come to an agreement on the best task division between the organizations involved. Based on the outcome of this meeting the precise objectives for the EFDA WP 10/11 will be formulated as an amendment to the underlying WP.

Deliverables and Milestones 2010 
TBD: as mentioned above
Resources 2010 
Baseline Support: manpower 3 ppy.
Priority Support: manpower 3 ppy.
· Implementation of high priority work in the area for first mirror modelling and exposure, following the recommendations arising from the meetings between the parties involved in the activity (ITER-IO, F4E, EFDA USDA and JADA); implementation and tests in present machines.

· Co-ordinated experiments and modelling.

VI.1.5: New concept diagnostics 

Strategic Outlook and Long Term Programme in support of the R&D Missions.

In general the diagnostic capability of present day tokamaks, even if impressive, is far from being fully satisfactory. It is therefore extremely important to support within EFDA the capability to innovate in this field. Proof of principle or feasibility studies should be performed at this stage, requiring a very limited amount of resources. A call for innovative ideas will be launched. Candidate methods could be, e.g.: a new dual gas detector able to detect selectively 2.5 and 14 MeV neutrons a soft-X ray polycapillary lens for tomography, imaging for fast MHD detection, intelligent visible video systems for automatic recognition of transient phenomena in the SOL.
Objectives of the 2010/2011 Work Programmes
After the call an inventory of the proposals will be made and promising projects selected for feasibility studies and/or proof-of-principle demonstrations.
Deliverables and Milestones 2010

· First stage of feasibility studies and/or proof-of-principle demonstrations for the selected projects, integrated within the real time control activities where appropriate, see VI.1.6. 
Resources 2010 
Baseline Support: Manpower 3 ppy

Priority Support: Manpower 2.5 ppy, 150 kEuro of hardware.
· Development of new diagnostic concepts and analysis techniques, implementation and tests in present machines.

· Co-ordinated experiments.
VI.1.6: Data analysis, validation, calibration and real time techniques

Strategic Outlook and Long Term Programme in support of the R&D Missions I to V.
Two expert working groups have been created in 2008/09 under the auspices of the EFDA Topical Group Diagnostics: one concerning data analysis techniques and calibration and the other one on the feedback controls for real time applications. They represent a tremendous potential of innovation and synergies, particularly valuable when resources are limited. These aspects are crucial for burning plasma diagnostics, fast MHD activity and in general event recognition, plasma operations, long pulses, disruption prediction and so on. 

Objectives of the 2010/11 WP and Relation to the 2008/09 WP 

Calls for proposals are foreseen in WP2010-2011 to pursue the objectives identified after the start-up and review phase in 2009. In particular techniques of intelligent and active data acquisition, data mining of huge archives, elaboration of new approaches for data analysis, development of algorithms for real time applications and so on

Deliverables and Milestones 2010 (and Forecast following years 2011, 2012 …)

The deliverables and milestones cannot be formulated until the 2009 WP is finalised; this will be subject to an update of the WP later during the year 2009.

Resources 2010 
Baseline Support: manpower 3 ppy

Priority Support: manpower 1.5 ppy, 50 keuro of hardware.
· Development of data analysis, validation, calibration and real time techniques; implementation and tests in present machines.

· Co-ordinated experiments.
Summary of Resources under Priority Support for Chapter VI.1 (Diagnostics)

	Work Programme Reference
	Topic
	ppy
	Manpower Est. Cost
(kEuros)
	Hardware
(kEuros)
	Total EC Cont.

(kEuros)
	Rational for use of Priority Support

	VI.1.1
	Confined and Lost Alphas
(Mission I  Burning Plasma)
	3
	72
	200
	152
	Diagnostics hardware for improved measurements of confined and lost alphas in support of diagnostic developments for ITER and physics studies in present machines and for co-ordinated experiments.

	VI.1.1
	Fuel Ion Ratio (Mission I  Burning Plasma)
	1.5
	36
	50
	56
	Diagnostics hardware for improved measurements of the fuel ion ratio in support of diagnostic developments for ITER, implementation and tests in present machines and co-ordinated experiments.

	VI.1.1
	Neutronics (Mission I  Burning Plasma)
	1.5
	36
	50
	56
	Diagnostics hardware for improved neutron measurements in support of diagnostic developments for ITER, implementation and tests in present machines and co-ordinated experiments.

	VI.1.2
	Thermography for Metallic Walls
	4
	96
	400
	256
	Diagnostics hardware for development of Thermography for Metallic Walls and co-ordinated experiments on mitigation and control of heat loads.

	VI.1.3
	Plasma Position Control (for long pulse operation)
	1
	24
	25
	34
	Development of plasma position control in long pulse operation; implementation and tests in present machines. Co-ordinated experiments.

	VI.1.4
	First mirror modelling and exposure diagnosis
	3
	72
	0
	72
	Implement high priority work in the area for first mirror modelling and exposure, following the recommendations arising from the meetings between the parties involved in the activity (ITER-IO, F4E, EFDA USDA and JADA); implementation and tests in present machines and co-ordinated experiments and modelling.

	VI.1.5
	New concept diagnostics and analysis techniques
	2.5
	60
	150
	120
	Development of new diagnostic concepts and analysis techniques, implementation and tests in present machines. Co-ordinated experiments.

	VI.1.6
	Data analysis, validation, calibration and real time techniques
	1.5
	36
	50
	56
	Development of data analysis, validation, calibration and real time techniques; implementation and tests in present machines. Co-ordinated experiments.

	
	Total
	18
	432
	925
	802
	


VI.2 H&CD and Fuelling Technologies

The mid term H&CD Technologies programme is oriented along the following two lines:
VI.2.1 Support to European Facilities and ITER

Strategic Outlook and Long Term Programme in support of the R&D Mission IV.
LHCD is the most promising method for achieving and controlling long pulse operation on ITER. LHCD systems in general will need significant R&D before being installed on ITER. The objective of the task is to develop the design of an LH system ready for procurement by F4E.
Objectives of the 2010/11 WP and Relation to the 2008/09 WP 

The on-going task HCD-08-03-01 (“LH4IT: EU contribution to the ITER LHCD development plan”) will provide the necessary elements for an international discussion around the future of the ITER LHCD system. In case of a positive decision, including a declaration of interest from Europe, a dedicated R&D work programme is to be launched, together. A complementary task LH4AUG (LHCD system for ASDEX Upgrade) of the 2008-2009 EFDA WP is still pending request from IPP. 

Deliverables and Milestones 2010 (and Forecast following years 2011, 2012 …)

· Report on ITER LHCD conceptual design activities; source, transmission lines and antenna. 
· Perform initial work in preparation to the launch of the task on LHCD system for ASDEX Upgrade.
· Forecast for following years 2011, 2012: Launch dedicated R&D work-programme for EU contribution to the ITER LHCD development plan. Launch task on LHCD system for ASDEX Upgrade.
Resources 2010 
Baseline Support: 2 ppy. 
Priority Support: 1 ppy. 
· LHCD development plan: coordination and conceptual design activities.
VI.2.2 Neutral Beam Advanced Technologies

Strategic Outlook and Long Term Programme in support of the R&D Mission VII.
Further develop negative neutral beams technologies, could significantly improve reliability and efficiency for possible application on DEMO (or earlier if successful), including electrostatic residual ion dump studies, space charge neutralisation, physics of extraction of negative ions, alternative neutraliser technology and assessment of their potentiality as off-axis current drive source.

It is also important to improve to present level of understanding of the basic processes ruling the neutral beam sources to help consolidating and improving the present source development activities, aiming at a more integrated modelling of the NB injector to be used for interpretative and predictive simulations of neutral beam systems, including the one developed for ITER.
Objectives of the 2010/11 WP and Relation to the 2008/09 WP 

· Better determination of DEMO requirements for Neutral Beam Heating systems, including materials and thermomechanical issues, critical heatflux analysis, health monitoring techniques and in-vessel components. 

· Systematic validation of neutral beam source models and General improvement of neutral beam models.
· Feasibility-sensitivity analysis of Neutral Beam modularity and overall reduction in gas requirements including source.

· High voltage holding for long pulse, including protocols for High Voltage conditioning.

· Improved Cesium management and understanding of the processes.

· Development of DEMO relevant Beamline diagnostics and study possible alternative DEMO relevant accelerator techniques.
· Produce a coherent picture of the exploitation and enhancement of the neutral beam test facilities in preparation and support of ITER developments. 

Deliverables and Milestones 2010 (and Forecast following years 2011, 2012 …)

· Report on further activities on: Development of Neutral (Positive/Negative) Ion Beam related Technologies, Electrostatic Residual Ion Dump Studies, Space Charge Neutralisation Investigation, Physics of extraction of negative ions, Alternative neutraliser technology.

· Reports on the first phase of new tasks in line with the Neutral beam development plan, such as the determination of DEMO requirements for neutral beam heating systems and beamline diagnostics, the study alternative accelerator techniques, protocols for High Voltage conditioning, improved Cesium management and overall reduction in gas requirements.

· Report on validation of neutral beam source models and on improvement of neutral beam models.

Resources 2010 

Baseline Support: 9 ppy.
Priority Support: 3 ppy

· Specific developments in the area Neutral Beam Advanced Technologies: co-ordination, conceptual designs and modelling of sources, accelerator techniques and alternative neutraliser technology.  

Summary of Resources under Priority Support for Chapter VI.2 (Heating and Current Drive)

	Work Programme Reference
	Topic
	ppy
	Manpower Est. Cost
(kEuros)
	Hardware
(kEuros)
	Total EC Cont.

(kEuros)
	Rational for use of Priority Support

	VI.2.1
	Support to European Facilities and ITER
	1
	24
	
	24
	EU contribution to the LHCD development plan: coordination; diagnostics, conceptual design; source, transmission lines and antenna.

	VI.2.2
	Neutral Beam Advanced Technologies
	3
	72
	
	72
	Developments Neutral Beam Advanced Technologies: co-ordination, conceptual designs and modelling of sources, accelerator techniques and alternative neutraliser technology.

	
	Total
	4
	96
	0
	96
	


VI.2.3 Fuelling Technologies

Strategic Outlook and Long Term Programme in support of the R&D Missions.
R&D Mission IV (Long Pulse & Steady state): ITER and DEMO require high performance fuelling/pumping systems, satisfying constraints unknown to present fusion devices. The fuelling systems have to allow for long pulse operation, beyond 1000 seconds for ITER, with very high reliability, and be ready for protection of the plasma facing component from mechanical shocks (e.g. disruptions) or heat load (e.g. ELMs). 
Long Term Objectives (DEMO)
· Cryopumps can to handle large flows and have no mobile components but have a potential problem regarding Tritium retention, requiring regular regeneration. On the other hand, turbo-molecular pumps offer a permanent pumping solution (with no oil or gas involved) but have a limited pumping flow and have mobile components. 
· Further develop pellet injectors for pace-making purpose (i.e. not perturbing the core plasma).

· Further develop high speed pellet injectors and multiple pellet launchers.

· Further assess the capabilities of existing and of potentially feasible fuelling systems for DEMO (NBI, SMBI, Compact toroid,…).

Deliverables and Milestones 2010 
No action launched on DEMO related fuelling technologies at the present stage (until recommendations from the CCE-FU/F4E AG are available)
VI.3 Fusion Materials 

VI-3.1 MAT-REMEV: Radiation Modelling and Experimental Validation

VI.3.1.1 
Long term Objectives (R&D Mission VI)
MAT-REMEV is focused on developing quantitative numerical tools for understanding and inter-correlating radiation effects in EUROFER induced by neutrons of various energy spectra in support to Fusion for Energy (F4E). The validated tools and associated experimental database will provide the basis for optimising the IFMIF programme and assessing & extrapolating the data to the entire range of operational conditions encountered in DEMO for a reliable licensing process. The modelling activities in support to the development of ODS Ferritic Steels (ODSFS) and of tungsten & tungsten alloys, are integrated in the corresponding sections of the WP, for a tight link with experiments and materials development activities.

VI.3.1.2
Mid-term Objectives (Work-Programmes 2010-2011)
The Work-Programmes 2010-2011 are in continuity with the successful achievements of the WP-2008-2009 and with the Strategic Objectives for Fusion Materials Modelling and Experimental Validation (2010-2015) [
].The 2010-2011-WP objectives are as follows:
(i) Cohesion: Development of the Spin Lattice Dynamics (SLD) approach for predicting the free energies of the phases within the Fe-Cr system and of defects & dislocations. 

(ii) Phase Diagram and Phase Transformation Kinetics of the Fe-Cr System: ab initio calculation of the ground state energy of the -phase; application of Magnetic Cluster Expansion (MCE) to predict the stability of this phase; introduction of ballistic replacements and point defects to provide a first evaluation of the ’ and -phase stability under irradiation. 

(iii) Displacement Cascades: sensitivity of the kinetics of the radiation induced microstructure, modelled by Atomic kinetic Monte Carlo (AkMC), on the outcomes of displacement cascades in terms of free migrating surviving defects and clusters.

(iv) He & H and Damage Accumulation: ab initio based Object & Atomic kinetic Monte Carlo (OkMC & AkMC) modelling of the He-H- V-C clustering kinetics close to grain –boundaries, and in the bulk, to understand accumulation of He (&H) and dpa in Fe-Cr-C alloys. 

(v) Kinetics: Development of Advanced Methods: Develop First Passage kinetic Monte Carlo (FPkMC), an N-type method; predict recovery stages of radiation damage in -Fe & compare with experiment & previous modelling; predict (He, H & dpa) accumulation & compare with AkMC and OkMC predictions (see above). 
Develop Mean Field coarse grain modelling for the Fe-Cr system with diffusion mechanisms via vacancies and interstitials, and assesse the nodel versus phase stability of the Fe-Cr system. 
(vi) Plasticity and Fracture: Screw dislocations: ab initio calculation of kink pair formation enthalpy & of interaction with carbon & helium initiated.
Discrete Dislocation Dynamics (DDD) code: introduce Green’s function formalism to describe the anisotropic elasticity typical of -Fe and ferritic/martensitic steels. Quantitative prediction of softening of -Fe at high temperature close to the ->  transformation point.

(vii)
Visco-Plasticity: Introduce dislocation climb mechanisms in DDD codes, first step towards quantitative prediction of thermal & irradiation creep behaviour. 
(viii) Experiments: Development & User’s Facilities: Define experimental conditions for He pre-implanting, and, thermal He desorption spectroscopy experiments. Multiple beam ion irradiation in JANNUS to validate kinetic models for He, H and dpa accumulation. 
Resistivity measurements down to cryogenic temperatures after proton irradiation (penetration depth ~100 micrometers) & feasibility study after self ion irradiation (penetration depth ~a few micrometers).

VI.3.1.3
Main Milestones & Deliverables of the 2010 WP (and provisional projection to 2011):

The deliverables consist in reports at the end of each year:
(i) 12/2010: Semi-classical SLD and its parameterisation.


Provisional 12/2011: SLD based free energy of defects & dislocations. 

(ii)
12/2010: Ab initio calculation of -phase stability & MCE including SIAs & V

Provisional 12/2011: Free energy of -phase & MCE /’unmixing calculation under irradiation. 
(iii) 12/2010: Empirical potential development & consequences of cascade overlapping.

Provisional 12/2011: Sensitivity of long term microstructure evolution to the defect production. 

(iv) 12/2010: Ab initio calculation of effect of C & Cr on He migration. First OKMC & 
comparison with ion-beam irradiation. 


Provisional 12/2011: Ab initio calculation of the role of H on He-V clustering. Inclusion of SIAs clusters in OKMC & comparison with Ion-beam irradiation. 
(v) 12/2010: First FPkMC & prediction of the damage recovery in Fe. Mean Field with vacancy diffusion mechanism.


Provisional 12/2011: FPkMC prediction for Fe-Cr-He & comparison with AkMC. Mean Field with SIA diffusion mechanism. 
(vi) 12/2010: Ab initio energetics of various straight screw dislocations & double kink formation enthalpy. MD simulation of radiation induced hardening. Introduction of 
anisotropic elasticity in DDD. 

Provisional 12/2011: Ab initio calculation of interaction between screw dislocations and He & Cr. MD simulation of radiation induced hardening. DDD prediction of hot softening of -Fe. 

(vii) 12/2010: Introduce in DDD Code vacancy controlled climb mechanisms. 


Provisional 2011: Introduce in DDD code Self-interstitial climb mechanisms. 

(viii) 12/2010: Characterisation of primary damage in Fe and Fe-Cr after single & dual beam & neutron irradiation. Electrical resistivity measurement on ~100 
micrometers thick specimens. 


Provisional 12/2011: Characterisation of primary damage in Fe and Fe-Cr after dual beam & neutron irradiation. Electrical resistivity at cryogenic temperature: feasibility on specimens with thickness down to a few micrometers. 
VI.3.1.4
Resources 2010 WP:

Base Line support: 23.5 PPY and 705 k€ other expenditures.
Other expenditures encompass CPU time, consumables for preparation and examination of samples when experimental validation is involved, and, missions. An increase by about 10% is provisionally foreseen for 2011.
Priority Support: 6.75 PPY and 170 k€
development of ground-breaking advanced tools and a collaborative effort to involve several Associated Laboratories centred on the use of a dual beam facility for testing and validating models through the investigation of microstructure up to high doses and He (& H) contents, and of He-desorption experiments under conditions guided by modelling. The cost encompasses the operation of the facilities, the mounting, follow-up and dismounting the experiments. The estimation of the costs is based on 120 hours of operation of a dual/triple beam facility and 600 hours of He-desorption spectroscopy facility. A similar level of PS is provisionally foreseen for 2011. 
VI-3.2 MAT-ODSFS: Development of Nano-structured ODS Ferritic Steels.

VI.3.2.1 Long term Objectives (R&D Mission VI)
The plate supporting the W tiles of the dual-coolant Tritium breeding blanket and the cartridge within the finger-like concept of the He-cooled divertor are presently the foreseen applications of ODSFS for in operating temperature up to ~750°C with reasonable fracture toughness. 

VI.3.2.2 –Mid Term Objectives (Work Programme 2010-2011)
The main objectives, milestones and deliverables of the WP 2010-2011 are as follows given according the long term programmatic lines defined in the 08-09 Work-Programme: 

(i)
Developing the present generation of nano-structured ODSFS: Optimise chemical composition by considering higher at%Ti/at%Y ratios, highly energetic Mechanical Alloying (MA) and hot extrusion, down to low temperature ~850 0C. Limited studies of microstructure & ODS stability under ion-beam irradiation (dpa & He production). 
(ii)
Industrial fabrication of the present generation of nano-structured ODSFS: Fabricate, at a semi-industrial scale, a ~10 kg batch of a nano-structured ODSFS of the present generation via sub-contractors coordinated by an Association. Delivery date mid 2011. Examine in close collaboration with the Associations & F4E, the new Japanese offer of fusion relevant ODSFS expected in September 2009 under the IEA umbrella. 
(iii)
Developing optimised generation of nano-structured-&-grained ODSFS.
ODS ferritic steels as driven system 

Reactive Milling approach: (i) influence of the intensity, temperature & duration of milling, (ii) consequences of the initial reactants on the nano-cluster formation & oxygen content in the matrix, (iii) effects of the annealing conditions on the nano-clusters characteristics. 
ODS ferritic steels with improved plasticity
Produce nano-grained 14YTW alloys via MA & various techniques: (i) consolidation, extrusion & spark plasma sintering, and, of (ii) Thermal Mechanical Treatments (TMT), High Speed Hot Extrusion (HSHE) & Equal Channel Angular Pressing (ECAP). Microstructure examination & mechanical testing, to select a fabrication route for an optimised strength-ductility relation. 
Optimised Generation of nano-structured & nano-grain ODSFS
Provided that the effort of the WP-2008-2009 can be maintained, the achievement of both above objectives should provide data for the feasibility of optimised nano-structured and nano-grained ODSFS in the years 2012-2013. 
(iv)
Stability of present and optimised generation of nano-structured ODSFS 
under creep and irradiation.
This Work-Programme 2010-2011, will start the characterisation of the following batches: 

(i) Both lab scale batches produced in 2009, 

(ii) Semi-industrial scale batch produced mid 2011, 

(iii) MA produced ODSFS of 14YTW ODSFS type for fission application

(iv) Alternatively produced ODS martensitic steels for fission application.

The programme will focus on: (a) nano-clusters stability under dpa, He and H accumulation, characterisation by TEM complemented by TAP for the chemistry of the clusters, and (b) Creep resistance & fracture toughness to assess the trade-off between both properties

For the ODS steels developed for fission application: study the effect of He and H accumulation on the microstructure and nano-clusters (complement fission programme).

On this basis, the most promising steels and the optimised irradiation conditions in terms of spectrum, dose & temperature, and the type of Post Irradiation Testing will be defined in 2012. 

VI.3.2.3 Main Milestones & Deliverables of the 2010 WP (and provisional projection to 2011):

The deliverables consist in reports or in delivery of materials:
(i) 
12/2010: New optimisation of chemical composition, MA and TMT versus 
microstructure & short term mechanical properties, and, elements of radiation stability.

Provisional 12/2011: Optimised chemical composition, MA and subsequent TMT versus initial microstructure & mechanical properties including creep, and, elements on radiation stability, to obtain nano-structured ODSFS typical of the present generation. 

(ii)
12/2010: Issue of the Specification of the ~10 kg batch of nano-structured ODSFS to be ordered via coordinating different sub-contractors. 

Provisional 06/011: Delivery of the ~10 kg batch of nano-structured ODSFS with the values of the specified properties. 
(iii)
12/2010: The best kinetic pathway for MA of 14YTW in term of milling intensity & temperature, and annealing condition for a nano-structured ODSFS of 14YTW type. Elements for selecting the best initial reactants in the case of 
Reactive Milling.


Provisional 12/2010: Production of nano-grain model 14YW & 14YTW ODSFS. Determination of their microstructure and mechanical properties versus 
temperature as a function of fabrication routes.

Provisional 12/2011: Production of nano-grained 14YTW ODSFS with improved strength-ductility. Microstructure characterisation, mechanical properties 
including creep and elements on radiation stability.

(iv)
12/2010: Lab scale batches: Tensile, fracture toughness properties; microstructure 
examination under or after dual beam irradiation 

Provisional 12/2011: Lab scale batches: Creep; microstructure examination after triple beam irradiation. 
VI.3.2.4 -2010-2011-Work Programme: Resources 
Base Line support: 21.5 PPY and 645 k€ expenditures in 2010 (similar level provisionally foreseen in 2011) for consumables such as purchases of powder for the MA process, gas, fluids, thermal-mechanical treatment sub-contracting, machining test specimens, preparing and examining samples, and, missions.

Priority Support: 0.5 PPY 160 k€ 

fabrication of the batch ~10 kg at the semi-industrial scale to be delivered mid 2011 (for powder procurement, mechanical alloying and TMT sub-contracting).

VI.3.3 MAT-W&WALLOYS: Tungsten & Tungsten alloys development
VI.3.3.1 
Long Term Objectives

Tungsten & tungsten alloys are considered in DEMO for the structure & protection of the helium-cooled divertor, and for the protection of the helium cooled first wall. An armour material needs high crack resistance under extreme thermal operation condition. A structural material has to be ductile within the operation temperature range. The long-term objective is to provide production & fabrication technologies for materials complying with these requirements. 

VI.3.3.2
Mid-Term Objectives 

The Work-Programmes 2010-2011 will take into account the request for Reduced Activation (RA) joints and the decision to develop W-Ta as reference alloy in association with W-V and W-Ti as back-up for the lower temperature range, with objectives as follows:

(i) Fabrication Process Development: Joining. Develop & test (a) RA Ti- based braze alloys for W-W joints, (b) electro-chemical coating process using electrolytes of refractory metals (Ti, Ta, W), (c) galvanic process to deposit low activation elements of EUROFER instead of Ni, (d) explosive welding for planar W – EUROFER joining.
(ii) Fabrication Process Development: Machining. Develop (a) Electro-chemical machining crack-free surface (b) deep drawing & Powder Injection Moulding (PIM) for complicated parts. 
(iii) Structural Materials Development. Develop (a) W-Ta (reference), W-V and W-Ti alloys via warm and hot process followed by SPD, (b) W-V and W-Ti Oxide Dispersion Stabilised (ODS) alloys higher operating temperature. 
(iv) Protection Material Development. Produce (a) Oxidation resistant ternary alloys W-Si-Cr & quaternary W-Si-Cr-Zr in coating & bulk, (b) W-Y2O3 and W-TiC. Metallurgical characterisation. Test under thermal fatigue & thermal shocks (electron & He/H beams).
(v) Materials Science and Modelling. Plasticity (a) Micro-mechanical testing & characterising the effect of texture, grain-boundary segregation on ductility. (b) Ab initio calculation of screw dislocation energetics in W in presence of Re, Os, Ta, V, Ta. 
(vi) Materials Science and Modelling: Radiation effects: (a) Ab initio calculating He & H energetics in W sub-surface, towards future kinetics tool development to understand PWI consequences on materials. (b) Experimental characterisation of He & dpa accumulation in W.
VI.3.3.3 
Main Milestones & Deliverables of the 2010 Work Programme (and 
provisional projection to 2011).
(i) 12/2010: First results on RA brazes and. electrolytic & galvanic development.

12/2010: Property gradient joint and explosive welding between W & EUROFER


Provisional 10/2011: Advances in joining W to W and W to Eurofer.

Provisional 12/2011: Summary and recommendations for future work and implications for divertor design
(ii) 10/2010: Advances in ECM, deep drawing and PIM. 

12/2010: Summary & recommendation in machining and fabrication technologies
(iii) 12/2010: Production & Basic characterisation of warm or hot processed W-Ti, W-V, and W-Ta in SPD condition for structure applications

12/2010: Intermediate report on W-V and W-Ti ODS materials: fabrication route & basic characterisation


12/2011: Summary & recommendations for future work and implications for 
divertor design
(iv) 12/2010: Summary report on industrial PIM produced materials. 

10/2010: Summary report on mechanical & heat flux characterisation (electron, He, .H) of the W-reference batch. 


12/2010: Mechanical and heat flux characterisation (electron, He, .H beams) of W- Y2O3, W-TiC, and W-Si-Cr). 


12/2010: Summary & recommendations for future work and implications for 
divertor design
(v) 12/2010: Microstructure & micro-mechanics characterisation of W-Ta, W-V, W-Ti. 

10/2011: Final reports on W-Ta, W-Ti, W-V, including thermal stability.


12/2011: Summary and recommendations for materials development

12/2010: Ab initio calculation of core structure and Peierls potential of 
screw dislocations in W, and, interaction with Re, Os Ta, V & Nb. 

(vi)
12/2010: Ab inito calculation of formation enthalpies in support W-Re (-phase), W-Ta, W-Ti & W-V phase diagrams.

12/2010: Ab initio energetics He2 & He3 clusters. Complement OkMC code to 
predict of He & dpa accumulation in bulk for comparison with experiments.


12/2010: Ab initio calculation of the energetics of He & V clusters close to low energy surface of W. 


12/2010: Improving He-V & He-SIA interaction in present W-He potentials. MD 
simulation of the He-W system for large scale modelling cascades & dislocations.

12/2010: Dual beam induced microstructure and TEM characterisation. 


12/2010: He & H co-implantation characterised by Positron Annihilation Spectroscopy (PAS) and Nuclear Reaction activation. 


12/2011: Summary and recommendations for modelling & materials development
VI.3.3.4
2010-2011-Work Programme: Resources

Base Line support: 28.5 PPY & 895 k€ other expenditures, for consumables such as purchases of powder, alloying elements, gas, fluids, thermal-mechanical treatment, machining, preparing & examining samples. (similar resources are foreseen to be proposed in 2011). 
Priority Support: 3.50 PPY and 350k€ (Similar level foreseen in 2011). It puts emphasis on joint developments:

(a) Fusion Materials Topical Group co-chair for 0.5 PPY

(b) Joint High heat flux tests & post-mortem Characterisation of mock-ups in Efremov 
Institute: 0.75 ppy, 125 k€ .

(c) Joint metallurgical characterisation & behaviour of the W reference batch under thermal fatigue & electron He/H beam irradiation: 1 PPY in 2010 and 50 k€ for sample & holder manufacture and various consumables.
(d)  Joint development & characterisation of oxidation resistant W-alloys: 0.5 PPY and 25 k€ 
for various consumables. 
(e) Micro-plasticity studies, experimental validation of He kinetics, and study of dislocation dynamics and interaction with radiation defects (multi-ion beam facilities, joint coordinated activity) 0.75 ppy + 150 k€ (50 k€ materials & consumable, 100k€ beam time and operation costs). 
VI-3.4 MAT-SiCSiC: SiCf/SiC Composite for Structural Application in Fusion reactors (NOTE: this is a preliminary section which will be updated)
The WP2008 was dedicated to the assessment of the use of SiCf/SiC composite as structural materials for the Tritium-Breeding Blanket and the Divertor of a Fusion Reactor beyond DEMO. Its results have been evaluated during the MAT-SiCSiC Monitoring Meeting in Garching on the 7th and 8th of May 2009. 

1
Long term Objectives
The main conclusions of this MAT-SiCSiC meeting with the associated long term objectives are given hereafter:

· SiCf/SiC composite is the only non magnetic material susceptible to comply with structural application within fusion environment, i. e. being a potential Low nuclear Activation (LA) material, having heat resistance up to at least 1000 0C and radiation resistant strength properties, as a result of the neutron irradiations conducted so far.
· The geometries of the structure foreseen for the First Wall (FW), TBB and D are of shell type, which require a 3D SiCf/SiC composites with high thermal conductivity and mechanical strength normal to the thickness. 

· This implies the need for dense cubic -SiC matrix beyond the possibility of the present industrial processes such as Chemical Vapor Infiltration (CVI) or Polymer Infiltration Pyrolisis (PIP). High density will also contribute to the tightness concerning the LiPb. 

· Due to radiation effects, dense -SiC matrix will most probably not be sufficient to obtain thermal conductivity as high as 20 W/m/K after irradiation. Therefore, using fibres with a core in W metal is proposed to improve conductivity, with a limit to be determined from the neutronics, in order to avoid detrimental effects of too a high neutron absorption.

· Radiation effects, especially mastering the point defect swelling and associated loss of thermal conductivity within the range from ~300 to 1000 0C, remains an open issue as well as the transition temperature to (i) amorphisation regime at low temperature & (ii) void swelling at high temperature, in presence of dpa and He (&H), which need experimental data and understanding. 

· The mechanical properties of SiCf/SiC is a domain that remains to be documented, especially the irradiation creep, which will be the predominant deformation mechanism in the range of operating conditions.

2
Objectives of the Work Programme 2010 (and provisional 2011)
The MAT-SiCSiC research area is structured along the three following programmatic lines:

· Optimisation of b-SiC-coated W-fibres.

· Development of a dense -SiC matrix in 3D perform.
· Radiation effects in EU reference SiCf/SiC and 3D WSiCf/SiC composites.
The objectives of the WP2010-2011 are summarised below. The associated milestones, deliverables human resources and other expenditures under base line support are given in Table1. 

Table 2 gives the requested funding under priority support and its rationale. 

Table 3 gather the estimated costs of industrial contract.

2-a
Optimisation of -SiC-coated W fibres. 
Based on the presently available industrial experience the objectives of this task are the following:

· Develop process fabrication fibres of ~10 micrometer diameter made basically of tungsten coated with -SiC by extrapolating the present fabrication process. 

· Evaluate the stability of the interface between W & -SiC up to 1500 0C, compatible with the fabrication process of a dense matrix such as Slip Infiltration & Transient Eutectoid (SITE). If required, select a diffusion barrier and test its effectiveness. 

· Fabricate a first set of W- fibre coated with -SiC. 

The activity under the first and the third bullet above has clearly to be carried out within one of the Industrial Companies presently involved in the fabrication W-cored SiC fibres. The second point is to carry out in an Association with close collaboration with the industrial company to assure the compatibility with the fabrication process from the beginning. 

In all these tasks a peculiar care will be given not to introduce chemical elements, which could impair the LA properties of pure Silicon carbide. 

2-b
Development of a dense -SiC matrix in 3D preform
The objective is to develop, by combining various processes, a fabrication route for a dense -SiC matrix beyond capability of the CVI & PIP industrial processes.

After coating the pre-form fibres with a thin interlayer of pyrolitic carbon the pre-form will be infiltrated using ceramics method such as SITE or hybrid methods including liquid impregnation, the process being ended via sintering or hot – pressing. 

2-c
Radiation effects in EU reference SiCf/SiC and 3D WSiCf/SiC composites
Three programmatic lines have been identified. 

· The regime of point defect swelling:

Point Defect swelling is controlled by point defects accumulation. It saturates under pure dpa regime as stationary microstructure has been established. It might be rather dependent on the impurity content and might not saturate when He and H are also produced, as under fusion application. 

The objective is to study by multiple ion beam irradiation under dpa, dpa & He, and, dpa & He & H, the point defect swelling for:

(i) the present -SiC fibres, -SiC matrix and pyrolithic carbon interphase, especiallay those of the 2D and 3D reference samples,

(ii) -SiC matrix obtained by various fabrication processes developed under Activity c. 

(iii) The -SiC-coated W fibres as soon as they are available including the behaviour of the interface between W and b-SiC. 

In addition due to the well establish fact that electronic excitation heal damage at low temperature preventing amorphisation. The point defect swelling under high electronic stopping power will also be studied. 

· Modelling radiation effects:

From the 2008 Work-Programme, it appears that physically based kinetic modelling development is still out of reach, due to the complex configuration of defects and their electrical charges. Conversely the calculation of the impact of well identified defects on the thermal conductivity is feasible. The objective of the WP 2010-2011 will be a parametric study of the impact of a selection of the most common defects 

· Mechanical properties:

The objective of first priority is the experimental characterisation of the irradiation creep of the SiCf/SiC composite, since it will be the dominant deformation mechanism in the TBB SiCf/SiC structure due to low primary stresses. Irradiation creep will be important to calculate the relaxation of the significant secondary thermal stresses. The methodological approach remains of multi-scale type , considering the fibre, the bundle also called mini-components and then the composite itself. 

The objective 2010-2011 should be the irradiation creep testing of the present fibre Nicalon and Tyrano S and a switch to the SiC-Coated W-fibres, as soon as they will be available in the second half of 2011. 

Modelling plasticity of SiCf/SiC composite will not be pursued as non specific of the fusion application, conversely to the fuel element of the GenIV He-cooled reactor, where mechanical interaction between a non creeping fuel and the SiCf/SiC cladding will impose high stress and overall plasticity of SiCf/SiC cladding. 
· Neutron irradiation: 
An assessment of the test of the SiCf/SiC specimens in their initial conditions and after irradiation in FURIOSO will have to be made, as well as the results obtained in the above programme lines, to decide of a neutron irradiation programme. 

Summary of Resources under Priority Support for Chapter VI.3 (Materials)

	Work Programme Reference
	Topic
	ppy
	Manpower Est. Cost
(kEuros)
	Hardware
(kEuros)
	Total EC Cont.

(kEuros)
	Rational for use of Priority Support

	VI.3.1
	Radiation Modelling and Experimental Validation
	6.75
	162
	170
	230
	Collaborative development of ground-breaking advanced tools in the area of Radiation Modelling and Experimental Validation centred on the use of a dual beam facility for testing and validating models through the investigation of microstructure up to high doses and He (& H) contents.

	VI.3.2
	Development of Nano-structured ODS Ferritic Steels.
	0.5
	12
	160
	76
	Fabrication of the batch ~10 kg at the semi-industrial scale Nano-structured ODS Ferritic Steels.

	VI.3.3
	Tungsten & Tungsten alloys development
	3.5
	84
	350
	224
	Joint characterisation of Tungsten reference materials and oxidation resistance Tungsten alloys. High flux testing and He accumulation studies in the JANNUS facility and co-ordination.

	VI.3.4
	SiCf/SiC Composite for Structural Application in Fusion reactors
	1
	24
	50
	44
	Purchase SiC/SiC fabric and fibbers.

	
	Total
	11.75
	282
	730
	574
	


In green italics: will be confirmed when the SiC/SiC programme will be finalised 

VI-4: Dust and tritium management

To be presented at STAC and EFDA SC late in 2009, due to start of this new activities in 2009 and the link with the outcome of the 2009 WP 
VI-5: Superconductors for fusion application

To be presented at STAC and EFDA SC late in 2009, due to start of this new activities in 2009 and the link with the outcome of the 2009 WP 
CHAPTER VII

Other EFDA Activities (SERF, PI and Training)

VII.1 Socio-Economic Research on Fusion (SERF)

The SERF part of the Work Programme is in line with the recommendations of the SERF AHG, endorsed by EFDA SC in 2008 . SERF should be oriented towards increasing the credibility and visibility of fusion energy as a sustainable energy source and towards supporting the associations on the development of a common scientific framework necessary to interact with society and to carry out such a complex project as fusion technology development for energy generation. The SERF programme aims at an increased level of coherence, clear objectives, multi-years goals, more collaborative actions among associations and increased links to universities and other laboratories as well as integration of the new EU members. It is structured in three parts.
VII.1.1 Energy scenarios and fusion economics

EFDA-TIMES is currently the main tool under development addressing the themes in this part. The overall longer term objectives of the development and exploitation of EFDA-TIMES are:
· to develop consistent long-term energy scenarios containing fusion as a sustainable energy option and showing the potential benefits of fusion power as an emission free energy source,

· to gain visibility, credibility and recognition by contributing with these scenarios to the international scientific energy debate,

· to bring the fusion option into other long-term energy models, by making available the latest technical, economic and environmental dataset on future fusion power plants,

· to explore the conditions that make fusion a successful contributor to sustainable energy systems,

· to provide domestic and European decision makers, by making use of EFDA-TIMES, with analyses and arguments in support of the potential benefits of ITER and longer term fusion R&D, and

· to maintain and develop the related know-how in the associations and collaborating university institutes.

Ultimately, it will be of special importance to investigate how fusion power fits to or can be consistently integrated into existing and future European environmental and energy strategies.

Activities in fusion economics are conducted to complement EFDA-TIMES, e.g. on spin-offs or non-electric application of fusion. The outcome may lead to further developments of EFDA-TIMES.
Mid-term objectives of the programme (coming 2-3 years)
· Development, exploitation and maintenance of the EFDA-TIMES global multi-region energy model in a project oriented manner:

· Addressing open issues which emerged from the validation and benchmarking exercise (conducted in 2009)
· Starting the exploitation phase of EFDA-TIMES

· Supporting tasks (e.g. project management, central management of the master version, model documentation)

Deliverables and Milestones 2010

· Updated model master version including the implications of the validation and benchmarking exercise 
· A set of common energy scenarios containing fusion in order to address the general EFDA-TIMES objectives 
· A complementary set of studies assessing fusion’s potential future role in those scenarios
VII.1.2 Awareness and communication

Mid-term objectives of the programme (coming 2-3 years)
· Assessing stakeholders’ concerns regarding fusion technology and its application to power generation, including concerns regarding governance, safety culture and the reasoning about risk and scientific uncertainties.

· Identification of cognitive and axiological controversies regarding fusion technology and energy, among stakeholders’ groups.

· Research in science communication and in risk communication focused on fusion. 

· Research in public engagement/participation methods and approaches.

Deliverables and Milestones 2010

With a view to enhance clarity and coherence of research objectives which will enable to create, in a multi-year perspective, a cumulative repository of relevant sociological fusion-related research findings, it is proposed to focus in 2010 on certain clear-cut research questions and certain public/stakeholders/ groups. These research questions should address:

· Stakeholders’concerns about fusion risks. 

· Concerns relative to important drivers of fusion acceptability and risk perception, i.e. scientists’ dependability, risk management and the value-orientations regarding technological progress and energy/environment themes. 
· Different ways of communicating about fusion technology.
Deliverables will be technical reports presenting research findings on the above topics in various countries, targeting one or more of the following public/stakeholders’ groups: students (high school or university), selected opinion leaders, the public visiting Fusion Expo (in collaboration with PI).

Both qualitative and quantitative research approaches are suggested. 
VII.1.3 Integrated framework

Mid-term objectives of the programme (coming 2-3 years)
This is a new exploratory activity launched following the AHg recommendations, aiming at the development of interdisciplinary approaches. The 2009 scoping studies, which focus primarily on economic aspects, will be used to develop a comprehensive set of mid-term objectives. The first results indicate a first set of research objectives which should be considered as provisional:
· Investigate the added value and feasibility of application in the EFDA-TIMES context of

· merging the real options analysis approach with the stochastic analysis model of TIMES
· developing new socio-economic indicators in TIMES
· integrating other software tools or other methodological approaches with TIMES

Additional objectives might be defined when the scoping studies are concluded.

Deliverables and Milestones 2010

· Prototype TIMES models demonstrating the proof of principle 

· Technical reports on the activities.

VII.1.4 Resources 2010

	Activity
	Baseline support (ppy)
	Priority support (ppy)

	VII.1.1 Energy scenarios and fusion economics
	7
	0.5

	VII.1.2 Awareness and communication
	6
	-

	VII.1.3 Integrated framework
	3
	-

	Total
	16
	0.5


VII-2 Public Information

Strategic outlook

The overall aim of European fusion research, namely developing fusion as an energy source, is not possible without the long-term support of the stakeholders in the EU Member States. To secure this support and to ensure brilliant young people choosing to work in fusion research, a coordinated and sustained Public Information effort on European fusion energy research is required. The EFDA Public Information activities support this overall objective by promoting fusion as a future energy source and presenting the ongoing fusion research activities in the EU Member States, where the focus is the ITER project.

Specific objectives of EFDA PI activities are as follows:
1. To coordinate the Public Information efforts and aim at a consistent and coherent message by the EFDA Associates, while recognizing the specific character of the national activities.
2. When appropriate, to represent European Fusion Research on a European and global level, in particular in EIROforum (through EFDA JET).
3. To support and stimulate an effective and professional Public Information effort by the EFDA Associates.
Objectives of the 2010 work programme

· Improving the presence of the European fusion community on the Internet.

· Providing support for the PI work of the Associations

· Enhancing the effectiveness of the Fusion Expo

· Distributing information within the European Fusion Community

· Improving the PI expertise in the Associations

· Representing the European fusion community in international events

· Participating in EIROforum activities

Deliverables and Milestones in 2010

· Launching and running a general fusion website

· Participating in ESOF 2010 conference

· Printing and distributing PI materials

· Organising Public Information Group Meeting

· Organising a PI course for members of the Public Information Group

· Organising 10 Fusion Expos

· Equipping the Fusion Expo with interactive features

· Producing 4 Fusion News

Resources in 2010

A new support action for the Fusion Expo of up to EUR 530 000 is foreseen to be signed in the course of 2010.

 VII.3 Training & Career Development

VII.3.1. Introduction

At its 37th meeting, held in Brussels on 21 March 2007, the CCE-FU endorsed the recommendations made by the Ad-Hoc Group « Survey of Human Resources in the European Fusion Programme » (document EUR(07) CCE-FU 37/8.7), namely:

· Provide training opportunities (2 to 3 years of training) for ~40 researchers per year over the next 5 years in order to fill this gap in (mainly engineering) resources.
· Provide support for “Fusion Researcher” Fellowships for the career development of exceptional candidates and his/her proposal (~10 fellowships per annum) 
These recommendations aim at training young researchers in order to face the ITER project and Broader Approach requirements and maintain the scientific strength in the fusion programme.
In application of these recommendations, two sets of Goal Oriented Training programme and Fusion Researcher Fellowships programme were already launched in the course of the 7th FP (EFDA Steering Committee of 4-5 June 2007 and 30 May 2008). 

The continuation of these 2 programmes is presented in this document as part of the EFDA 2010 work programme. 

The financial support for this programme is foreseen in the 2009 Euratom Work Programme.

VII.3.2. 
Third Call for the Goal Oriented Training programme

The third Call of the Goal Oriented Training programme (GOT3) will be targeted toward priority areas (see proposal under section 2.2 below) and implemented through a scheme which follows the principles retained in the previous programmes and new measures to reinforce it (see section 2.3 below) further to the experience of the previous call and advises of the evaluators:

2.2 Priority areas

For this GOT3, priority areas have been discussed within EFDA and with Fusion for Energy (F4E). This analysis has been conducted on the basis of ongoing programmes EFTS, GOT1 and GOT2. The main goal is to support the European effort in constructing ITER and preparing its operation and exploitation.
The list of priority areas with targets for the number of trainees proposed for GOT3 is the following:
· Materials: 5-7 trainees (or equivalent ppy/year)

· Engineering (large components): about 3 trainees (or equivalent ppy/year)

· Remote Handling: 8-12 trainees (or equivalent ppy/year)

· Be Technology (plasma facing components): 3-4 trainees (or equivalent ppy/year)

· Vacuum Technologies and Pumping: 3-5 trainees (or equivalent ppy/year)

· Cryo Technologies: 3-5 trainees (or equivalent ppy/year)

· Diagnostic Techniques (project engineers and engineering in extreme environment): 6-8 trainees (or equivalent ppy/year)

Detailed specifications of the competences required in these priorities can be found on the EFDA web page.

2.3 Implementation scheme

The implementation is under the EFDA Art. 7 and the Contracts of Associations Art. 8.e
As in previous years the projects will be cooperative (at least 3 EFDA Associates involved), address one of the above mentioned priority areas, and be selected on the criteria of excellence on the basis of evaluation by experts.
In addition, training projects shall give more emphasis on reporting by the trainees, on QA and RAMI as transverse activities, and shall improve the relevance by closer contacts with F4E and ITER when appropriate.
Furthermore the EFDA-CSU Garching will implement measures to facilitate the participation of the Associations in the programme (call for interest preliminary to the call for proposals, to anticipate contacts in order to favour the formation of clusters; trainee website; etc.) 

2.4 Provisional timetable for GOT3

- Early April 2009: call for interest to facilitate the formation of clusters

- Early June 2009: Call for proposal
- October 2009: deadline for answering the Call

- November 2009 to January 2010: assessment by EFDA and proposal for implementation to the EFDA SC.

VII.3.3. 
2009 Fusion Researcher Fellowships 
Before the end 2009, EFDA will launch a third Call for “Fusion Researcher Fellowships” proposals. In line with the recommendations by the Ad-Hoc Group « Survey of Human Resources in the European Fusion Programme », the answers to the Call shall be channelled through the Heads of Associations, all fusion researchers having a post-doctoral contracts starting between 1 January and 31 December 2009 will be eligible and the fellowships will be “awarded according to the sole exceptional quality of the candidates and his/her proposal”. 

The duration of the Fellowships supported by this action will be up to two years.

VII.3.4. 
Resources

The Community participation in the financing of these training actions will be up to 5 and 1.3 million euro for the Goal Oriented Training and the Fusion Researcher Fellowships respectively, at the support rates specified in the 2009 Euratom Work Programme. This should provide funding for:

· up to 40 trainees (ppy/year) over three years for the third call of the Goal Oriented Training programme, and

· up to 10 Fusion Researcher Fellowships grants. 
� Associations receiving Priority Support must provide dedicated accounting of the associated activity.


[�]� HYPERLINK "http://www.efda.org/eu_fusion_programme/scientific_and_technical_publications.htm" ��http://www.efda.org/eu_fusion_programme/scientific_and_technical_publications.htm� : Strategic Objectives for Fusion Materials Modelling and Experimental Validation, J. L. Boutard, M. J. Caturla, S. L. Dudarev and F. Willaime. EFDA-D-2D4B78. 
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