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1. Introduction

From gas balance analysis, common features on the retention behaviour have been observed in different machines. It shows an initial high retention rate in a first phase of the discharge, decreasing towards a steady state value in a second phase. After the shot, the gas recovery corresponds to the gas trapped during the first phase, so that the associated retention mechanism seems to be transient (such as adsorption leading to weakly bound deuterium (D)). The long term recovery, overnight, over weekends and in maintenance periods, is more difficult to assess and makes extrapolation to ITER still difficult. However, from the DT campaign on JET (1997-1998) the amount of particles recovered in the period is not significant/dominant and represents about 10-15% of the total amount retained.

So far, most data on retention were obtained in all-carbon machines, so that comparison with carbon free machines (all-W ASDEX Upgrade, future ITER like Wall in JET) needs to be performed for a better prediction for ITER.

Retention from post-mortem PFC analysis suffers from averaging over many different plasma scenarios, often icluding wall conditioning such as He-GDC and boronisation, and disruptions. Moreover, the impact of long term outgasing between shots during the campaign (months) and air exposure of the samples when removed from the vessel is difficult to assess. 

Scaling of retention rate as a function of plasma/ machine parameters is only poorly characterized (injection rate, incident flux/fluence, PFC materials, PFC temperature). However, the main retention mechanisms have been identified (co-deposition with C and/or Be, bulk diffusion and trapping in CFC and W) but their relative contributions in ITER conditions are still uncertain, and are a topic of active research, from laboratory experiments, modelling as well as integrated tokamak experiments.

2. Objectives

The aim of this Task Agreement is to improve our knowledge on fuel retention in wall materials foreseen for ITER using particle balance to evaluate “how many” particles are retained in the vessel and post mortem analysis to assess where these particles are retained. It is worth noting that these methods are complementary.

The scientific objectives of the task are to:

- perform an extensive post mortem analysis of PFCs for comparison with integrated particle balance results;

- assess sources of possible uncertainties on both methods (such as disruptions, outgassing, cleaning discharges for particle balance, non toroidal/poloidal uniformity, retention in gaps and hidden areas, bulk diffusion for post mortem analysis);

- establish and perform a complementary analysis programme to progress in identifying the retention mechanisms at stake; 

- on a longer term : propose ITER relevant fuel retention diagnostics, from particle balance, in situ and/or post mortem analysis

3. Work Description and Breakdown

3.1 Structure
The Work Programme involves experiments on gas balance in several European fusion devices (ASDEX Upgrade, Tore Supra, TEXTOR and other possible relevant devices, JET for comparison) and subsequent surface analysis in different laboratories for comparison. It is coordinated by the SEWG on Gas Balance and Fuel Retention which:

- sets up the experimental work programme, including the request for machine time in the different fusion devices;

- follows the samples exchange for surface analysis;

- organizes SEWG meetings for collection of data, interpretation and extrapolation of results;

- summarizes the collected data in a final report.

Work under the present Task Agreement includes two subtasks:

WP10-PWI-01-01

Multi machine scaling of fuel retention for ITER (AUG, TS, TEXTOR (JET for comparison), other relevant devices, PSI devices)

· Complete studies of retention in C environment for different edge plasma regimes (TS, TEXTOR, and possibly other relevant devices)

· Study the retention in a full W environment for different regimes (L mode, type I ELM, type III ELMs and advanced tokamak regimes). Comparison with results in previous configurations as a function of carbon coverage (AUG)

· Study D retention in Be/W/mixed materials under high fluence (PISCES, IPP dual beam), see also SEWG on ITER material mix

· Assess the contribution of wall conditioning (boron) on the retention, in particular for full metallic devices

· From all the above experiments, establish a multi-machine scaling of retention and refine the fuel retention predictions for ITER

WP10-PWI-01-02

Characterisation of retention mechanisms using particle balance and post mortem analysis (AUG, TS, other relevant devices (JET for comparison), analysis in several associations) 

· Perform an extensive post mortem analysis of PFCs for assessing where the fuel retained in the vessel is located: deposited layers, gaps, bulk material, flakes, remote areas, below limiter/divertor in order to improve mitigation measures (in plasma operation as well as for the design of PFCs) and fuel removal techniques 

· Comparison with integrated particle balance results.

· Establish and perform complementary analysis program to progress in identifying the retention mechanisms at stake

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-01-01-03/CEA/BS
Scaling of fuel retention in Tore Supra

Extention of the database of retention rates as a function of Padd (ICRH vs LH) and Te (impurity seeding).
	CEA
	0.30
	0.00
	0.00

	
	WP10-PWI-01-02-01/CEA/BS
Closing the D balance in Tore supra from particle balance and post mortem analysis (DITS project)

Comparison between D inventory from particle balance and post mortem analysis the frame of the DITS project
	CEA
	1.05
	0.00
	0.00

	
	WP10-PWI-01-02-02/CEA/BS 

Coordinated post mortem analysis of Tore Supra samples (DITS project) 

· Perform the second analysis campaign of the Tore-Supra tiles (TDS, SIMS)

· Analyse D retention in gaps

· Characterize the structure of the deposited layers (thickness, morphology, atomic structure etc.) as a function of their location.
	CEA
	0.40
	0.00
	0.00

	
	WP10-PWI-01-02-02/CEA/PS
Coordinated post mortem analysis of Tore Supra samples (DITS project) 

· Perform the second analysis campaign of the Tore-Supra tiles (TDS, SIMS)

· Analyse D retention in gaps

· Characterize the structure of the deposited layers (thickness, morphology, atomic structure etc.) as a function of their location.
	CEA
	0.00
	0.60
	0.00

	
	WP10-PWI-01-01-01/FOMRIJN/BS
H-retention in W and mixed systems 

· Investigations of H-retention in W exposed to high fluxes in Pilot and the effect of irradiation damage: Influence of dpa-level, dpa-profile and surface temperature on H-retention during plasma exposure

· Investigations of H-retention in mixed W/C systems on Pilot/Magnum

· Investigations of H-retention in W during transient, ELM-like heat and particle fluxes on Pilot. 
	FOM_Rijnhuizen
	0.90
	0.00
	0.00

	
	WP10-PWI-01-01-02/FOMRIJN/PS
H-retention in W and mixed systems 

· Investigations of H-retention in W exposed to high fluxes in Pilot and the effect of irradiation damage: Influence of dpa-level, dpa-profile and surface temperature on H-retention during plasma exposure

· Perform coordinated experiments (PISCES, TEXTOR and Pilot/Magnum) to investigate H-retention in mixed W/C systems

· Investigations of H-retention in W during transient, ELM-like heat and particle fluxes on Pilot -comparison to experiments in DIII-D/DiMES
	FOM_Rijnhuizen
	0.00
	0.40
	0.00

	
	WP10-PWI-01-01-01/FZJ/BS
Joint TEXTOR, MAGNUM and PISCES experiments to investigate the fuel retention in tungsten and in the mixed tungsten-carbon system
	FZJ
	1.30
	0.00
	0.00

	
	WP10-PWI-01-01-02/FZJ/PS
Joint TEXTOR, MAGNUM and PISCES experiments to investigate the fuel retention in tungsten and in the mixed tungsten-carbon system
	FZJ
	0.00
	0.30
	0.00

	
	WP10-PWI-01-01-03/FZJ/BS

Fuel retention for ITER
Predictions of fuel retention in fusion machines taking into ac count  tungsten as divertor material. and updated data for tritium retention (e.g. surface temperature dependence, mixing effects).
	FZJ
	0.20
	0.00
	0.00

	
	WP10-PWI-01-01-04/FZJ/PS 

Fuel retention for ITER
Predictions of fuel retention in fusion machines taking into ac count  tungsten as divertor material. and updated data for tritium retention (e.g. surface temperature dependence, mixing effects).
	FZJ
	0.00
	0.10
	0.00

	
	WP10-PWI-01-02-01/FZJ/PS
Investigations of fuel accumulation and material transport into gaps of ITER-like castellated structures 

Perform series of experiments on TEXTOR (and DIII-D) to study carbon transport and fuel accumulation in the gaps of castellation structures taking into account:

-cell shape and orientation

-inclination of the magnetic field.
	FZJ
	0.00
	0.20
	5.00

	
	WP10-PWI-01-02-02/FZJ/BS
Investigations of fuel accumulation and material transport into gaps of ITER-like castellated structures 

Perform series of experiments on TEXTOR (and DIII-D) to study carbon transport and fuel accumulation in the gaps of castellation structures taking into account:

-cell shape and orientation

-inclination of the magnetic field.
	FZJ
	0.80
	0.00
	0.00

	
	WP10-PWI-01-00/IPP/PS
Leadership SEWG Gas Balance and Fuel Retention

Task coordinator of task agreement: 

Fuel retention as a function of wall materials foreseen for ITER
	IPP
	0.00
	0.25
	0.00

	
	WP10-PWI-01-01-01/IPP/BS
Multi machine scaling of fuel retention for ITER 

· Validation of the assessment procedure for inventories from the underlying retention processes for different tokamaks, such as ASDEX Upgrade, Tore Supra and JET.

· Extention of the multi machine scaling of fuel retention to ITER (AUG, TS, TEXTOR (JET for comparison), other relevant devices, PSI devices).
	IPP
	0.10
	0.00
	0.00

	
	WP10-PWI-01-01-01/IPP/PS
Multi machine scaling of fuel retention for ITER 

· Validation of the assessment procedure for inventories from the underlying retention processes for different tokamaks, such as ASDEX Upgrade, Tore Supra and JET.

· Extention of the multi machine scaling of fuel retention to ITER (AUG, TS, TEXTOR (JET for comparison), other relevant devices, PSI devices).
	IPP
	0.00
	0.10
	0.00

	
	WP10-PWI-01-01-02/IPP/BS
Contribution of wall conditioning (boron) on the retention in the full-W device - ASDEX Upgrade:

-quantification of the existing boron data

- correlation of boron with D retention
	IPP
	0.50
	0.00
	0.00

	
	WP10-PWI-01-01-03/IPP/BS
Retention in a full W environment for different regimes

· Studies of fuel (D) retention in the full W wall environment of ASDEX Upgrade for well defined discharge conditions at the outer divertor target plate. 

· Exposure of bulk tungsten samples to series of identical discharges. 

· Post mortem analysis (D retention) of tungsten samples (TDS, NRA) 

· Comparison of the results with corresponding experiments in linear plasma devices (Pilot-PSI, Magnum-PSI, PISCES) and of other tokamak devices (TEXTOR, MAST)
	IPP
	0.50
	0.00
	0.00

	
	WP10-PWI-01-01-04/IPP/PS
D Retention in Be/C/W/mixed materials 

· Preparation of sample systems with mixed material layers on top of each of the different ITER PFM elements 

· Exposure of samples to a range of D fluences at different incidence energies (IPP high current source and PISCES respectively). 

· Post mortem studies of D-retention by ion-beam analysis and TDS. 

· Studies of the influence of the structural properties of the mixed layers on retention. 

· Investigations of the influence of impurities on  D retention in ITER PFM elements (dual beam experiments)
	IPP
	0.00
	0.25
	0.00

	
	WP10-PWI-01-01-05/IPP/BS 

D Retention in Be/C/W/mixed materials 

· Preparation of sample systems with mixed material layers on top of each of the different ITER PFM elements 

· Exposure of samples to a range of D fluences at different incidence energies (IPP high current source and PISCES respectively). 

· Post mortem studies of D-retention by ion-beam analysis and TDS. 

· Studies of the influence of the structural properties of the mixed layers on retention. 

· Investigations of the influence of impurities on  D retention in ITER PFM elements (dual beam experiments)
	IPP
	0.50
	0.00
	0.00

	
	WP10-PWI-01-01-06/IPP/BS
Gas balance measurements in AUG

· Investigations of fuel retention in the full tungsten divertor tokamak AUG using gas balance technique.

· Clarification of  the effect of boron layer on the retention in a full metallic device
· Investigations of retention in different plasma regimes. 
	IPP
	0.20
	0.00
	0.00

	
	WP10-PWI-01-01-07/IPP/BS
Gas balance measurements in AUG. 

· Improvement of the accuracy of  gas balance measurements:

· Installation of the external volume and development of a new software for the data analysis to enable the determination of wall release

· Investigations of retention for different plasma regimes and wall coatings
	IPP
	0.20
	0.00
	0.00

	
	WP10-PWI-01-01-08/IPP/PS
Fuel retention in W as function of dpa level of radiation damage

· Irradiation of ITER grade W samples with up to 5 MeV W+ ions to different levels of dpa

· Investigations of H-retention in W exposed to high fluxes and fluences in PILOT (FOM, Netherlands) and the effect of irradiation damage: Influence of dpa-level, dpa-profile and surface temperature on H-retention

· NRA analysis of exposed PILOT samples for hydrogen profile at front and back surface
	IPP
	0.00
	0.20
	0.00

	
	WP10-PWI-01-02-01/IPP/BS
Post-mortem analysis of PFCs at ASDEX Upgrade for fuel retention studies
	IPP
	0.30
	0.00
	0.00

	
	WP10-PWI-01-01-01/MEdC/BS
Providing W coated CFC samples for fuel retention measurements
	MEdC
	0.30
	0.00
	0.00

	
	WP10-PWI-01-02-01/MEdC/BS 

X-ray micro-tomography studies CFC samples for porosity network characterization 

· Participation at DITS project - post mortem analysis by providing high resolution tomography measurements on CFC samples

· Qualification of the initial porosity of the new CFC ITER reference material NB41

· Porosity characterization of tungsten coated CFC samples 
	MEdC
	0.65
	0.00
	0.00

	
	WP10-PWI-01-02-02/MEdC/PS
X-ray micro-tomography studies CFC samples for porosity network characterization 

· Participation at DITS project - post mortem analysis by providing high resolution tomography measurements on CFC samples

· Qualification of the initial porosity of the new CFC ITER reference material NB41

· Porosity characterization of tungsten coated CFC samples 
	MEdC
	0.00
	0.35
	0.00

	
	WP10-PWI-01-02-01/MHST/PS
Studies of fuel retention processes by detection of deuterium with micro-NRA (TEXTOR tiles and DITS project)
	MHST_Slovenia
	0.00
	0.20
	5.00

	
	WP10-PWI-01-02-04/MHST/BS
Deuterium retention and release from Be and W surfaces - correlation of deuterium kinetics /absorption/desorption/ parameters with actual surface composition.
	MHST_Slovenia
	1.00
	0.00
	0.00

	
	WP10-PWI-01-02-01/TEKES/BS
Characterisation of retention mechanisms in AUG 

· Drilling samples from AUG tiles

· Post mortem surface analysis of the samples using SIMS and NRA and determining the retention of D in them

· Comparison of the obtained data with particle-balance measurements
	TEKES
	0.20
	0.00
	0.00

	
	WP10-PWI-01-02-02/TEKES/PS
Characterisation of retention mechanisms in AUG

· Drilling samples from AUG tiles

· Post mortem surface analysis of the samples using SIMS and NRA and determining the retention of D in them

· Comparison of the obtained data with particle-balance measurements

· Production of new marker tiles for retention studies in AUG.
	TEKES
	0.00
	0.20
	10.00

	
	WP10-PWI-01-02-01/VR/BS 

· Characterisation of retention mechanisms using particle balance and post mortem analysis. 

· Post mortem analysis of components of TEXTOR and Tore Supra : Composition of deposits and fuel retention in deposits 

· Assessment of sources influencing observed discrepancies between post mortem and gas balance measurements
	VR
	0.05
	0.00
	0.00

	
	WP10-PWI-01-02-01/VR/PS
· Characterisation of retention mechanisms using particle balance and post mortem analysis. 

· Post mortem analysis of components of TEXTOR and Tore Supra : Composition of deposits and fuel retention in deposits 

· Assessment of sources influencing observed discrepancies between post mortem and gas balance measurements
	VR
	0.00
	0.20
	10.00

	
	WP10-PWI-01-02-02/VR/BS
· Characterisation of retention mechanisms using particle balance and post mortem analysis 

· Assessment of long-term retention in PFC from TEXTOR and Tore Supra

· Calculation of fuel content in tiles from various locations in tokamaks.
	VR
	0.40
	0.00
	0.00

	
	Total
	
	9.85
	3.35
	30.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely related to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF E and 
TF FT
	· Complete the fuel retention database (in D2, H2 and He) for comparison between the present carbon configuration and the future ITER like wall (TFE).

· Complete the post mortem analysis of JET PFCs, including gaps, Be PFCs etc (TF-FT), assess where the fuel is retained

· Perform fuel retention studies in the ILW configuration


3.4 Publications
· EFDA 2010 Work Programme / EU PWI TF

· 2007, 2008and 2009 reports of SEWG on Gas balance

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. 

The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.
4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. 

The EURATOM financial contribution will be made after approval of these reports by the EFDA Leader.
Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-01-00/IPP/PS
	IPP
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-01-01-01/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-02/FOMRIJN/PS
	FOM_Rijnhuizen
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-03/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-04/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-04/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-06/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-01-08/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-02-01/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-02-01/MHST/PS
	MHST_Slovenia
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-02-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-02-02/CEA/PS
	CEA
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-02-02/MEdC/PS
	MEdC
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-01-02-02/TEKES/PS
	TEKES
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 415.832 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 89.166 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· EFDA 2010 Work Programme / EU PWI TF

· 2007, 2008and 2009 reports of SEWG on Gas balance

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	CEA
	WP10-PWI-01-02-02/CEA/PS
	0.60
	98.40
	0.00
	0.00
	0.00
	98.40
	

	
	FOM_Rijnhuizen
	WP10-PWI-01-01-02/FOMRIJN/PS
	0.40
	59.60
	0.00
	0.00
	0.00
	59.60
	

	
	FZJ
	WP10-PWI-01-01-02/FZJ/PS
	0.30
	29.74
	0.00
	0.00
	0.00
	29.74
	

	
	FZJ
	WP10-PWI-01-01-04/FZJ/PS
	0.10
	13.52
	0.00
	0.00
	0.00
	13.52
	

	
	FZJ
	WP10-PWI-01-02-01/FZJ/PS
	0.20
	19.83
	5.00
	0.00
	0.00
	24.83
	

	
	IPP
	WP10-PWI-01-00/IPP/PS
	0.25
	30.00
	0.00
	0.00
	0.00
	30.00
	To be accepted by EFDA SC

	
	IPP
	WP10-PWI-01-01-01/IPP/PS
	0.10
	12.00
	0.00
	0.00
	0.00
	12.00
	

	
	IPP
	WP10-PWI-01-01-04/IPP/PS
	0.25
	23.00
	0.00
	0.00
	0.00
	23.00
	

	
	IPP
	WP10-PWI-01-01-08/IPP/PS
	0.20
	24.00
	0.00
	0.00
	0.00
	24.00
	

	
	MEdC
	WP10-PWI-01-02-02/MEdC/PS
	0.35
	14.35
	0.00
	0.00
	0.00
	14.35
	

	
	MHST_Slovenia
	WP10-PWI-01-02-01/MHST/PS
	0.20
	6.40
	5.00
	0.00
	0.00
	11.40
	

	
	TEKES
	WP10-PWI-01-02-02/TEKES/PS
	0.20
	30.00
	10.00
	0.00
	0.00
	40.00
	

	
	VR
	WP10-PWI-01-02-01/VR/PS
	0.20
	25.00
	10.00
	0.00
	0.00
	35.00
	

	Total 2010
	
	
	3.35
	385.83
	30.00
	0.00
	0.00
	415.83
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	CEA
	8
	8
	Coordinated sample analysis in IPP, FZJ, VTT, ENEA.

	
	FOM_Rijnhuizen
	5
	8
	Irradiation and analysis at IPP-Garching, Coordinated experiments at UCSD PISCES, ITPA mission

	
	FZJ
	2
	6
	ITPA DSOL, DIII-D-Experiment

	
	IPP
	7
	9
	SEWG Fuel Retention, General EU PWI TF meeting 

	
	MEdC
	3
	3
	TF meeting, SEWG Annual Meeting, CEA Cadarache

	
	MHST_Slovenia
	4
	7
	FZ Juelich, SEWG meeting, MPI, Garching

	
	TEKES
	2
	10
	Ion-beam analyses at IPP, Garching 

	
	VR
	9
	14
	FZJ: Experiments, collection of samples, etc.; ITPA, SEWG meeting 

CEA: DITS project 

	
	Total
	40
	65
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1. Introduction

The retention rate of tritium in the ITER vessel is likely to require in-situ tritium recovery during operations or during the maintenance period (depending on the choice of first wall and divertor materials), or methods to actively control the inventory by limiting the tritium uptake during each pulse. In addition to scenario improvements allowing a reduction of tritium retention, detritiation techniques shall be made available to insure a safe operation of ITER. Two main types of actions are foreseen:

- heating the PFCs in order to release the tritium;

- removing the material in which the tritium is trapped (mainly in the co-deposition).

Among methods used for heating one should make the difference between techniques based on PFC bulk heating and those relying on surface heating.

Bulk heating in vacuum (to around 350C) is a practical technique for dealing with tritium trapped in beryllium co-deposits, and heating of the divertor alone might address much of this retention.For tritiated hydrocarbon deposits, however, the required temperature for efficient detritiation is impractically high. In order to enhance the efficiency to a sufficient level it is needed to operate under oxidising atmosphere (O2 or steam). Unfortunately, oxidation can induce de-conditioning of the PFCs, requiring extensive re-conditioning, and could therefore be a very time consuming method. It is also foreseen that the choice of this technique would require significant changes in terms of design for the PFCs and for the tritium plant in order to handle the exhaust gases produced. This technique has been extensively studied, however, and has proven its efficiency as far as detritiation is concerned and should not be therefore ruled out.

The removal of material (co-deposits) can also be performed by photonic methods. The main advantage is that, as well as detritiating, these techniques also contribute to reducing the dust inventory (co-deposition being one of the sources for dust production). Furthermore they are capable of removing co-deposits without harming the PFC surface, and could also be used for window and mirror cleaning (which may be necessary for several of the optical diagnostics). With these removal methods, it would be necessary to collect aerosols and dusts produced by the co-deposit ablation. Therefore, it is requested to proceed with a feasibility study on a potential remote handled application of a photonic ablation technique on ITER, emphasising the need to guarantee an efficient collection of the wastes.

Besides this ITER will certainly have issues with tritium retention in mixed materials involving Be and W in conjunction with carbon and oxygen impurities. For all technologies, Tasks are expected to include quantification of the removal rates, and applicability to ITER in their objectives.

2. Objectives

The aim of this Task Agreement is to:

· Develop an integrated scenario for fuel removal in ITER:

- Explore possible methods to limit tritium uptake during the discharge 

- Derive a credible tritium inventory control scheme relying on developed cleaning techniques to meet ITER operational requirements. 

- Assess combined efficiency, removal rates and schedule needed.

· Assess efficiency of developed fuel removal methods (heating, chemical and photonic) for reducing hydrogenic retention in co-deposits as well as in metals and mixed materials

· Explore new fuel removal methods, targeted at hydrogenic retention in metals (for ITER with future all-metal divertor)

· Investigate wall conditioning scenarios (in particular RF conditioning, in collaboration with the EFDA TG on heating and current drive). 

3. Work Description and Breakdown

3.1 Structure
The Work Programme involves laboratory-based experiments in dedicated facilities; experiments on fuel recovery in several European fusion devices (JET, ASDEX Upgrade, Tore Supra, TEXTOR and others); and surface analysis of treated samples in different laboratories for comparison. It is coordinated by the SEWG on Fuel Recovery which:

- identifies necessary experiments or analysis;

- supports requests for machine time in the different fusion and laboratory devices;

- facilitates exchange of treated samples for surface analysis at different laboratories;

- organizes SEWG meetings for collection of data, interpretation and extrapolation of results;

- summarises the collected data in a final report.

Work under the present Task Agreement includes four activities:

WP10-PWI-02-01

Wall conditioning

Investigate wall conditioning techniques (particularly RF conditioning) in tokamaks, with emphasis on fuel removal efficiency, operation under ITER conditions, and side effects such as dust production and plasma restart.

WP10-PWI-02-02

Plasma assisted chemical cleaning methods

· Explore the impact of repetitive oxidising plasmas (GDC/RF) on beryllium bulk properties and other in-vessel components.

· Study the effect of sample temperature for oxidative or advanced chemical cleaning (with or without glow discharge) on oxide film formation, and demonstrate beryllium oxide removal rates 

· Resolve the impact of nitrogen-containing molecules on cleaning processes and understand the discrepancy between laboratory and tokamak experience

WP10-PWI-02-03

Phototonic cleaning methods

· Improve the understanding of the break-up processes for metallic films in photonic "cleaning", such as measuring the hydrogenic content of the particulates relative to the film composition, optimising gaseous release, and preventing spread of dust. Assess practical methods of exploiting laser techniques in ITER.

WP10-PWI-02-04

Fuel removal in gaps

· Develop methods for the removal of deposited films in tile gaps and castellations, measuring the efficiency as function of aspect ratio, etc. Possible techniques are glow discharge cleaning in oxygen or O-based gas mixtures (for which the relative importance of the ion species should be quantified), and use of a plasma torch

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-02-01-01/ERMKMS/BS
Joint Ion Cyclotron Wall Conditioning experiments in TEXTOR, ASDEX-Upgrade, Tore Supra (and JET) and coordinated post mortem sample analysis 
	Belgium_ERM-KMS
	0.85
	0.00
	0.00

	
	WP10-PWI-02-01-02/ERMKMS/PS
Joint Ion Cyclotron Wall Conditioning experiments in TEXTOR, ASDEX-Upgrade, Tore Supra (and JET) and coordinated post mortem sample analysis
	Belgium_ERM-KMS
	0.00
	0.40
	10.00

	
	WP10-PWI-02-02-01/SCKCEN/BS
Establishing an experimental set-up to investigate the effect of advanced oxidative cleaning on oxide film formation. 

· Completion of the Beryllium glovebox in SCK•CEN's tritium laboratory. 

· Creation of the correct experimental conditions for decarbonizing the tiles using either ozone or atomic oxygen. 

· Preparation of Beryllium samples for the experiments.
· Experiments with the ozone treatment of carbon coated beryllium samples and associated laboratory analyses
	Belgium_SCK-CEN
	1.20
	0.00
	0.00

	
	WP10-PWI-02-01-01/CEA/BS
Development of ion cyclotron wall conditioning in Tore Supra:

· the multi machine analysis of data collected in 2008

· the definition and planning of further experiments in TS, TEXTOR, and AUG

· the characterisation and development of numerical models of ICRF wall conditioning discharges
	CEA
	0.90
	0.00
	0.00

	
	WP10-PWI-02-01-02/CEA/PS
Coordinated development of ion cyclotron wall conditioning

· the multi machine analysis of data collected in 2008

· the definition and planning of further experiments in TS, TEXTOR, and AUG

· the characterisation and development of numerical models of ICRF wall conditioning discharges
	CEA
	0.00
	0.60
	0.00

	
	WP10-PWI-02-02-01/CEA/BS
Feasibility study of multi-point plasma plasma discharge for fuel removal (methods developed for unburnt hydrocarbon soots deposits), including gaps
	CEA
	0.40
	0.00
	0.00

	
	WP10-PWI-02-02-02/CEA/BS
Investigations of the impact of dissociative recombination, collisions and nitrogen containing molecules on chemical cleaning processes 
	CEA
	0.50
	0.00
	0.00

	
	WP10-PWI-02-03-01/CEA/BS
Optimisation of laser cleaning on Tore supra samples, including gaps
	CEA
	0.75
	0.00
	0.00

	
	WP10-PWI-02-04-01/CEA/BS
Evaluation of microdischarge methods for the cleaning of tile gaps and castellations 

· Construction of micro-discharge plasma sources in oxygen containing mixtures, preparation of hydrogenated amorphous carbon coatings on metal surfaces, and preliminary measurements

· Determination of erosion rate and its dependence on plasma parameters (gas mixture, pressure and current) and on the aspect ratio
	CEA
	0.50
	0.00
	0.00

	
	WP10-PWI-02-02-01/CIEMAT/BS
Optimization of carbon film removal by ammonia plasmas
	CIEMAT
	0.10
	0.00
	0.00

	
	WP10-PWI-02-02-01/CIEMAT/PS
Optimization of carbon film removal by ammonia plasmas
	CIEMAT
	0.00
	0.30
	0.00

	
	WP10-PWI-02-02-02/CIEMAT/BS
Nitrogen plasma assisted chemical cleanining methods
	CIEMAT
	1.00
	0.00
	0.00

	
	WP10-PWI-02-03-01/CIEMAT/BS
Impact of surrounding atmosphere on Laser cleaning methods. 
	CIEMAT
	0.50
	0.00
	0.00

	
	WP10-PWI-02-02-01/ENEACNR/BS
Study of scavenging effect to reduce the redeposition of hydrogenated films containing carbon and tungsten.
	ENEA_CNR
	0.66
	0.00
	0.00

	
	WP10-PWI-02-01-01/FZJ/PS
Joint ICWC experiments in TEXTOR, ASDEX-Upgrade, Tore Supra (and JET) and coordinated post mortem sample analysis 
	FZJ
	0.00
	0.20
	0.00

	
	WP10-PWI-02-01-02/FZJ/BS
Joint ICWC experiments in TEXTOR, ASDEX-Upgrade, Tore Supra (and JET) and coordinated post mortem sample analysis
	FZJ
	0.50
	0.00
	0.00

	
	WP10-PWI-02-02-01/FZJ/BS
Joint exploration of new wall cleaning methods using GDC in Oxygen, NH3 and N2O 
	FZJ
	0.90
	0.00
	0.00

	
	WP10-PWI-02-02-01/FZJ/PS
Joint exploration of new wall cleaning methods using GDC in Oxygen, NH3 and N2O.
	FZJ
	0.00
	0.10
	0.00

	
	WP10-PWI-02-04-01/FZJ/BS
Gap cleaning using H2, O2 using GDC and ECR plasma discharges
	FZJ
	0.30
	0.00
	0.00

	
	WP10-PWI-02-01-01/IPP/BS
RF wall conditioning techniques in ASDEX Upgrade

· Execution of experiments using different poloidal field in order to optimise the ICRF discharge volume

· Application of tracer gases to quantify the efficiency of wall cleaning

· Comparison of the results with extended glow discharge
	IPP
	0.40
	0.00
	0.00

	
	WP10-PWI-02-01-02/IPP/PS
RF wall conditioning techniques in ASDEX Upgrade 

· Execution of experiments using different poloidal field in order to optimise the ICRF discharge volume

· Application of tracer gases to quantify the efficiency of wall cleaning

· Comparison of the results with extended glow discharge
	IPP
	0.00
	0.20
	0.00

	
	WP10-PWI-02-02-01/IPP/BS
Erosion and deposition chemistry in nitrogen containing discharges 
· Measurements of erosion rate with/without ion bombardment for mixtures of H2/N2 and H2/NH3 for identical total N/H ratios in the gas phase (different N/H ratios, different ion energies and possibly different temperatures). Clarification of the role of chemical sputtering.

· Measurements of deposition in CH4/H2/N2 and CH4/H2/NH3 with and without ion bombardment (as function of ion energy, N/C/H ratio, and possibly temperature) Clarification of the role of the role of gas phase reactions.

· Execution of tile gap deposition (and erosion) experiments for selected parameters
	IPP
	0.50
	0.00
	0.00

	
	WP10-PWI-02-04-01/IPP/BS
Fuel removal in tile gaps and castellations by oxygen plasmas

· Quantification of oxygen ion flux (mass and energy distribution using RFA and Plasma Monitor) for different plasma conditions.

· Quantification of oxygen and noble gas ion flux in X/O2 mixtures (X = Ar, He, ..) for different mixing ratios and plasma conditions.

· Measurements of erosion rate with ion bombardment for quantified gas mixtures as a function of temperature and ion energy

· Comparison of erosion measurements with and without ion bombardment for different gas mixtures. Clarification of the role of ions and neutral reactive oxygen species for erosion

· Execution of  tile gap experiments for selected conditions (detailed determination of erosion profiles at the bottom of the gap and comparison to simulations)
	IPP
	0.30
	0.00
	0.00

	
	WP10-PWI-02-04-02/IPP/BS
Modelling of fuel removal in gaps
	IPP
	0.20
	0.00
	0.00

	
	WP10-PWI-02-03-01/IPPLM/BS
Removal efficiency of laser cleaning techniques

· Execution of removal experiments on AUG samples PVDed and Plasma Sprayed with Tungsten and on calibrated samples provided by FZJ

· Comparison of removal efficiency and rates for different surroundings (vacuum, O2, N2) and laser parameters

· Development of LIBS method in a view of its suitability for a diagnostic method for tritium inventory control in next step devices.
	IPPLM_Poland
	0.57
	0.00
	0.00

	
	WP10-PWI-02-03-02/IPPLM/PS. 

Removal efficiency of laser cleaning techniques

· Execution of removal experiments on AUG samples PVDed and Plasma Sprayed with Tungsten and on calibrated samples provided by FZJ

· Comparison of removal efficiency and rates for different surroundings (vacuum, O2, N2) and laser parameters

· Development of LIBS method in a view of its suitability for a diagnostic method for tritium inventory control in next step devices.
	IPPLM_Poland
	0.00
	0.15
	0.00

	
	WP10-PWI-02-01-01/IST/PS
Wall Conditioning

· Analysis of the existing data on ICWC experiments in AUG, TS, TEXTOR in order to establish trends in plasma production process and evolution of plasma parameters

· Analysis of the existing data on wall conditioning efficiency and comparison with the data obtained in recent JET experiments. 

· Preparation and accomplishment of new series of experiments in tokamaks to optimize the ICRF plasma for wall conditioning. 

· Adapting of the ICWC method for further use in experiments with W-wall
	IST
	0.00
	0.20
	0.00

	
	WP10-PWI-02-01-02/IST/BS
Wall Conditioning

· Analysis of the existing data on ICWC experiments in AUG, TS, TEXTOR in order to establish trends in plasma production process and evolution of plasma parameters

· Analysis of the existing data on wall conditioning efficiency and comparison with the data obtained in recent JET experiments. 

· Preparation and accomplishment of new series of experiments in tokamaks to optimize the ICRF plasma for wall conditioning. 

· Adapting of the ICWC method for further use in experiments with W-wall
	IST
	0.20
	0.00
	0.00

	
	WP10-PWI-02-04-01/MEdC/BS
Removal of codeposited material from gaps with a plasma torch 

· Manufacturing of new constructive elements of the plasma torch suitable to work in reactive gases

· Studies of stability of source operation in air and other reactive gases

· Experiments of inside gap cleaning of carbon and mixed layers with plasma nitrogen/argon/reactive gases plasma torch

· Assessment of cleaning on the bottom of narrow gaps

· Examination of aspects regarding source integration with a robotic arm.


	MEdC
	1.20
	0.00
	0.00

	
	WP10-PWI-02-04-02/MEdC/BS
Laboratory models for the co-deposited layers

· Realization and characterization of model co-deposited layers and their use in conjunction with fuel removal techniques

· Studies of the deposition and chemical transformation of Al/C + hydrogen layers, Be/C + hydrogen layers, or similar layers 
	MEdC
	1.00
	0.00
	0.00

	
	WP10-PWI-02-04-03/MEdC/BS
Production of controlled laboratory co-deposited layers for fuel removal studies

· Definition of parameters for which layers with pre-defined carbon/metal content are obtained; composition characterization.

· Submission of composite layers for validation of fuel removal procedures 

· Identification of the agents of the fast chemical change in metal (aluminium)/carbon + hydrogen layers at contact with the ambient
	MEdC
	0.40
	0.00
	0.00

	
	WP10-PWI-02-02-03/MHST/BS
· Study of influence of ammonia on a-C:H formation in support of nitrogen scavenger technique

· Comparison of different fuel removal techniques using low pressure DC, RF, and atmospheric pressure RF discharges.
	MHST_Slovenia
	0.80
	0.00
	0.00

	
	WP10-PWI-02-02-04/MHST/BS
Detailed characterisation of reaction products from removal of a-C:H with mixed H2/N2 plasmas
	MHST_Slovenia
	0.30
	0.00
	0.00

	
	WP10-PWI-02-02-04/MHST/PS
Detailed characterisation of reaction products from removal of a-C:H with mixed H2/N2 plasmas

Installation of differentially pumped mass spectrometer
	MHST_Slovenia
	0.00
	0.10
	0.00

	
	WP10-PWI-02-04-03/MHST/BS
Removal of a-C:H and interaction of Plasma Facing Components with neutral oxygen atoms

· Application of neutral, free oxygen atoms for fuel removal in castellated structures similar to those foreseen in ITER

· Studies of formation of tungsten oxide on tungsten surfaces during treatment with oxygen atoms

· Demonstration the possibility that tungsten oxide layers can be easily removed by hydrogen plasma if appropriate parameters are applied
	MHST_Slovenia
	0.90
	0.00
	0.00

	
	WP10-PWI-02-04-04/MHST/BS
Deposition of multi component C(W,Mg) thin films by sputtering for fuel removal studies
	MHST_Slovenia
	1.00
	0.00
	0.00

	
	WP10-PWI-02-00/CCFE/PS
Leadership SEWG Fuel Removal

Task coordinator of task agreement: 

Exploration of fuel removal methods compatible with retention in mixed materials and metals, including beryllium
	CCFE
	0.00
	0.25
	0.00

	
	WP10-PWI-02-01-01/VR/BS
Effectiveness of fuel removal by wall conditioning methods : post mortem analysis of samples before/after treatment
	VR
	0.10
	0.00
	0.00

	
	WP10-PWI-02-03-01/VR/PS
Effectiveness of photonic cleaning and dust generation associated with cleaning
	VR
	0.00
	0.25
	10.00

	
	WP10-PWI-02-03-02/VR/BS
Surface structure of surfaces treated by various cleaning methods: photonic and wall conditioning
	VR
	0.50
	0.00
	0.00

	
	Total
	
	17.43
	2.75
	20.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely relate to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF FT
	· Test fuel removal techniques on JET PFCs, in particular containing Be (TF FT)

· Assess the efficiency of ICRF wall conditioning in the carbon configuration of JET, to be compared with the ILW configuration.


3.4 Publications
· EFDA 2010 Work Programme / EU PWI TF

· 2008 and 2009report of SEWG on Fuel Removal

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. 

The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. 

The EURATOM financial contribution will be made after approval of these reports by the EFDA Leader.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-02-00/CCFE/PS
	CCFE
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-02-01-01/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-01-01/IST/PS
	IST
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-01-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-01-02/CEA/PS
	CEA
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-01-02/ERMKMS/PS
	Belgium_ERM-KMS
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-01-02/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-02-01/CIEMAT/PS
	CIEMAT
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-02-01/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-02-02/SCKCEN/PS
	Belgium_SCK-CEN
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-02-04/MHST/PS
	MHST_Slovenia
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-03-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-03-02/IPPLM/PS
	IPPLM_Poland
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-02-04-03/MEdC/PS
	MEdC
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 296.968 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 63.394 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· EFDA 2010 Work Programme / EU PWI TF

· 2008 and 2009 report of SEWG on Fuel Removal

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	Belgium_ERM-KMS
	WP10-PWI-02-01-02/ERMKMS/PS
	0.40
	42.59
	10.00
	0.00
	0.00
	52.59
	

	
	CEA
	WP10-PWI-02-01-02/CEA/PS
	0.60
	63.00
	0.00
	0.00
	0.00
	63.00
	

	
	CIEMAT
	WP10-PWI-02-02-01/CIEMAT/PS
	0.30
	27.00
	0.00
	0.00
	0.00
	27.00
	

	
	FZJ
	WP10-PWI-02-01-01/FZJ/PS
	0.20
	27.04
	0.00
	0.00
	0.00
	27.04
	

	
	FZJ
	WP10-PWI-02-02-01/FZJ/PS
	0.10
	13.52
	0.00
	0.00
	0.00
	13.52
	

	
	IPP
	WP10-PWI-02-01-02/IPP/PS
	0.20
	24.00
	0.00
	0.00
	0.00
	24.00
	

	
	IPPLM_Poland
	WP10-PWI-02-03-02/IPPLM/PS
	0.15
	3.24
	0.00
	0.00
	0.00
	3.24
	

	
	IST
	WP10-PWI-02-01-01/IST/PS
	0.20
	5.00
	0.00
	0.00
	0.00
	5.00
	

	
	MHST_Slovenia
	WP10-PWI-02-02-04/MHST/PS
	0.10
	3.95
	0.00
	0.00
	0.00
	3.95
	

	
	CCFE
	WP10-PWI-02-00/CCFE/PS
	0.25
	36.38
	0.00
	0.00
	0.00
	36.38
	

	
	VR
	WP10-PWI-02-03-01/VR/PS
	0.25
	31.25
	10.00
	0.00
	0.00
	41.25
	

	Total 2010
	
	
	2.75
	276.97
	20.00
	0.00
	0.00
	296.97
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	Belgium_ERM-KMS
	10
	2
	visiting other machines and doing experiments 

	
	Belgium_SCK-CEN
	2
	4
	TF meetings

	
	CEA
	10
	10
	Participation at RF wall conditioning experiments in TEXTOR, AUG 

Attendance TF meetings 

	
	CIEMAT
	6
	11
	Visits to the Josef Stefan Institute, Ljubljana 

Visits to the National Institute for Laser, Plasma and Radiation Physics Atomistilor, Bucharest 

Josef Stefan Institute 

Visits to IPPLM Warsaw

	
	ENEA_CNR
	2
	4
	TF meetings

	
	FZJ
	2
	4
	TF meetings

	
	IPP
	2
	2
	SEWG Removal

	
	IPPLM_Poland
	3
	12
	TF meetings; Experiments in Madrid

	
	IST
	3
	7
	Participation in experiments on AUG, TEXTOR and TS

	
	MEdC
	4
	4
	SEWG annual meeting, CEA Cadarache, 

Joint experiments at MHEST and CIEMAT 

	
	MHST_Slovenia
	20
	26
	Joint experiments: Bucharest, Madrid, Toulouse, Juelich, Font Romeu 

	
	CCFE
	2
	4
	TF meetings

	
	VR
	4
	6
	TF meetings 

	
	Total
	68
	92
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1. Introduction

The formation and accumulation of carbon and metal dust in a fusion reactor may create, like T retention, serious safety and operational problems. A strategy to deal with the dust accumulation has been accepted into the ITER baseline. 

Dust sampling and analysis have been performed in different facilities, showing discrepancies between devices. The most important issues to be addressed are the following:

· Mechanisms for dust generation during plasma/maintenance phase including conditioning and fuel removal techniques

· Quantification of dust production in tokamaks from all the processes above

· Physics basis for techniques for dust removal and dust diagnostics

2. Objectives

The aim of this Task Agreement is to improve our knowledge on dust generation and its characterization in different tokamaks. It also includes the development of dust generation and transport models in order to provide better predictions for ITER.

3. Work Description and Breakdown

3.1 Structure
The Work Programme involves the collection of dust in several European fusion devices (ASDEX Upgrade, Tore Supra, TEXTOR and others, JET for comparison) and subsequent analysis in different laboratories for comparison, as well as development of dust diagnostics. It is coordinated by the SEWG on Dust in Fusion Devices which:

- sets up the experimental work programme, including the specification for dust collection and characterisation in the different fusion devices;

- follows the samples exchange for laboratory analysis;

- organizes SEWG meetings for collection of data, interpretation and extrapolation of results;

- summarises the collected data in a final report.

Work under the present Task Agreement includes three activities:

WP10-PWI-03-01

Dust generation in present devices

· Metal dust formation (W and Be): Identification of dust generation mechanisms. Validate modelling for dust creation and suspension. Implications for ITER standard scenario.

· Characterize dust generation in present devices (TS, TEXTOR, AUG and possibly other relevant devices; comparison to JET)): location in vacuum vessel, generation rates, physical and chemical properties (size, reactivity, surface specific area, fuel content, etc)

WP10-PWI-03-02

Conversion of co-deposits to dust

· Assess the dust conversion factor (gross erosion to dust production) for different EU devices.

· Assessment of dust generation by various techniques for fuel and co-deposit removal (see also SEWG on fuel removal).

WP10-PWI-03-03

Dust and plasma operation

· Improve detection of dust in the plasma and relate the dust generation to discharge conditions.
· Improve understanding of the impact of dust formation on the plasma performance and operation.

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-03-01-01/CEA/BS

Computational investigation of dust formation by droplet formation of melting metals. 
	CEA
	0.50
	0.00
	0.00

	
	WP10-PWI-03-01-02/CEA/BS

Laser ablation for calibrated spectroscopy measurements of erosion and dust formation studies:

· Synthesis of the metallic particles formed during tokamak operation in the different devices and correlation with the conditions of operation. 

· Influence of the laser irradiation (energy deposition, pulse duration) and ambient (nature and pressure of gas) conditions on the particle morphologies (W, Al)

· Comparison between laser-induced particles and dusts generated in tokamaks, and determination of mechanisms formation.
	CEA
	1.50
	0.00
	0.00

	
	WP10-PWI-03-03-01/CEA/BS

Stereoscopic Imaging of dust and UFOs in ASDEX Upgrade

· Analysis of stereoscopic camera measurements performed on AUG: 

· Attempts to relate dust generation and transport to discharge conditions. Comparison with theory and modelling.

· Participation in new fast camera measurements of dust and UFOs in AUG.
	CEA
	0.30
	0.00
	0.00

	
	WP10-PWI-03-03-01/CEA/PS

Stereoscopic Imaging of dust and UFOs in ASDEX Upgrade

· Analysis of stereoscopic camera measurements performed on AUG: 

· Attempts to relate dust generation and transport to discharge conditions. Comparison with theory and modelling.

· Participation in new fast camera measurements of dust and UFOs in AUG.
	CEA
	0.00
	0.50
	10.00

	
	WP10-PWI-03-03-02/CEA/BS
Assessment of dust production in Tore Supra using an electrostatic detector 
	CEA
	0.20
	0.00
	0.00

	
	WP10-PWI-03-03-01/ENEACNR/BS
Detection of submicron metal dust particles by aerogel on FTU

· Perform test of silica aerogel as a target for collecting metallic dust particles in the nanomiter size range. 

· Investigate aerogel samples, exposed to metal dusty plasma in a laboratory-size RF discharge device  utilizing different metallic electrodes (mainly W, Fe, Ni, Mo, and Cu). 

· Perform SEM analysis of the aerogel samples.

· Collect metal dust by aerogels exposed to different operation plasma regimes in FTU and evaluate the metal dust particle size and velocity distributions in different heat load condition on the machine walls. 
	ENEA_CNR
	0.40
	0.00
	0.00

	
	WP10-PWI-03-03-01/ENEAFRA/BS
Dust and plasma operation

· Perform dust characterization by silica aerogels in the FTU full-metallic tokamak. an Analysis of metallic dust collected by aerogels operating in different plasma regimes, both in ohmic discharges and in the presence of RF heating. 

· Evaluate metal dust particle size and velocity distributions in the presence of different heat loads on the walls. 
	ENEA_Frascati
	0.32
	0.00
	0.00

	
	WP10-PWI-03-01-01/FOMRIJN/BS
Dust generation modelling

· Validation of dust creation codes: 

· Investigation of the influence of ion-neutral reactions on the formation of large molecules, especially polycyclic aromatic hydrocarbons (PAH’s)
	FOM_Rijnhuizen
	0.20
	0.00
	0.00

	
	WP10-PWI-03-01-01/FZJ/BS
Dust generation in present devices

· Application of laser ablation to damage the topmost layer of W and to release W dust into the TEXTOR edge plasma. 

· Comparison of the ablated dust with re-launched W dust 

· Studies of dust transport by a fast CCD camera and tests of the use of W interference filters. 
	FZJ
	0.70
	0.00
	0.00

	
	WP10-PWI-03-02-01/FZJ/BS
Conversion of co-deposits to dust

· Studies of connection between gross erosion at the ALT limiter and the measured net erosion and deposition on the tiles by post mortem analysis. 

· Investigation of correlation of flaked layers (converting into dust particles). 

· Post mortem analysis of the flaked particles concerning the fuel content by different techniques. 
	FZJ
	0.30
	0.00
	0.00

	
	WP10-PWI-03-03-01/FZJ/BS
Studies of dust mobilization, motion and impact on the core and edge plasma

· Perform experiments with different types of carbon and tungsten dust studying the mechanisms of dust mobilization, physics and the main processes leading to dust motion and dust concentrations in the core and edge plasmas. 

· Application of specially designed holders for introduction of dust into TEXTOR plasmas. 

· Detection of dust launch by means of high resolution and fast cameras and spectrometers. Application of Thomson scattering system for evaluation of the dust number density in plasmas.

· Assessment of dust size and the temperature of dust particles. 

· Application of aerogel collectors to investigate the density and size distribution of dust particles and evaluate their velocities. 
	FZJ
	0.35
	0.00
	0.00

	
	WP10-PWI-03-03-03/FZJ/PS 

Studies of dust mobilization, motion and impact on the core and edge plasma

· Perform experiments with different types of carbon and tungsten dust studying the mechanisms of dust mobilization, physics and the main processes leading to dust motion and dust concentrations in the core and edge plasmas. 

· Application of specially designed holders for introduction of dust into TEXTOR plasmas. 

· Detection of dust launch by means of high resolution and fast cameras and spectrometers. Application of Thomson scattering system for evaluation of the dust number density in plasmas.

· Assessment of dust size and the temperature of dust particles. 

· Application of aerogel collectors to investigate the density and size distribution of dust particles and evaluate their velocities. 
	FZJ
	0.00
	0.25
	7.00

	
	WP10-PWI-03-01-01/IPP/BS

Focussed ion beam analysis of dust particle structures

· Analyses of individual dust particles from different devices (such as ASDEX Upgrade, TEXTOR, Tore Supra) by scanning electron microscopy assisted by focused ion beam cutting regarding their inner morphology and composition. 

· Investigations of dust formation process and the growth of the particles. 
	IPP
	0.80
	0.00
	0.00

	
	WP10-PWI-03-01-02/IPP/PS
Focussed ion beam analysis of dust particle structures

· Analyses of individual dust particles from different devices (such as ASDEX Upgrade, TEXTOR, Tore Supra) by scanning electron microscopy assisted by focused ion beam cutting regarding their inner morphology and composition. 

· Investigations of dust formation process and the growth of the particles. 

· Commissioning of automatisation tool to increase the number of particles analysed in respect to their composition in order to enhance the statistical relevance of the obtain data.
	IPP
	0.00
	0.10
	0.00

	
	WP10-PWI-03-03-01/IPP/PS
Dust and plasma operation

· Studies of the dust production in AUG by fast cameras and collection of dust after the campaign. 

· Perform the reconstruction of dust trajectories in AUG with the help of second camera which will be installed (supplied by the F.Brochard (Univ. Nancy).

· Fast camera observations of arcs in AUG.

· Collection of dust by Si wafers and dust characterization d by SEM, EDX, FIB. 

· Update the Helios device (FIB) with new data acquisition software in order to enable statistical more accurate measurements. 

· Collection of dust at AUG by the filtered vacuum technique 

· Perform a survey of the dust particles collected in AUG.

· Studies of the influence of dust events, observed by the camera systems, on the plasma performance.
	IPP
	0.00
	0.20
	10.00

	
	WP10-PWI-03-03-04/IPP/BS
Dust and plasma operation in ASDEX Upgrade

Perform camera observations (fast and standard) to identify dust events and compare them to the plasma performance. 
	IPP
	0.50
	0.00
	0.00

	
	WP10-PWI-03-01-01/IPPLM/BS
Dust generation in present devices

· Characterization of dust collected in EU machines (AUG and TEXTOR): TEM, SEM, XPS, AES, BET etc. The special emphasis will be put on dust size, morphology, composition and internal structure. 

· Characterization of the dust samples from AUG: plasma produced dust, captured by filtered vacuum collection with Teflon membranes with a pore size of 1 micron. 
	IPPLM_Poland
	0.50
	0.00
	0.00

	
	WP10-PWI-03-02-01/IPPLM/BS
Conversion of co-deposits to dust

· Collection of dust produced by ablation process with the use of two types of lasers (Nd:YAG or Yb:fiber). Studies of the dust production both in vacuum conditions and in gaseous atmosphere.

· Laboratory investigations of collected dust.

· Perform correlation of dust production rates with diagnostic outputs (LIBS, mass spectroscopy).
	IPPLM_Poland
	0.570
	0.00
	0.00

	
	WP10-PWI-03-02-02/IPPLM/PS
Conversion of co-deposits to dust

· Collection of dust produced by ablation process with the use of two types of lasers (Nd:YAG or Yb:fiber). Studies of the dust production both in vacuum conditions and in gaseous atmosphere.

· Laboratory investigations of collected dust.

· Perform correlation of dust production rates with diagnostic outputs (LIBS, mass spectroscopy).
	IPPLM_Poland
	0.00
	0.15
	0.00

	
	WP10-PWI-03-00/VR/PS
Leadership of the SEWG on Dust in Fusion Devices

Task coordinator of task agreement: 

Dust generation and characterization in different devices, including the impact of fuel removal methods on dust production
	VR
	0.00
	0.25
	0.00

	
	WP10-PWI-03-01-01/VR/BS
Dust generation in present devices
· Collection of dust in TEXTOR. Analysis of dust samples from different locations (floor, PFC surfaces, windows, liner) collected in TEXTOR. Comparison with dust from other machines; e.g. Tore Supra, ASDEX and with JET.

· Analysis of fuel content in dust from various locations. Comparison with dust generated by laser-induced co-deposit removal. Assessment of relation between dust structure and fuel content
	VR
	0.05
	0.00
	0.00

	
	WP10-PWI-03-01-01/VR/PS
Dust generation in present devices
· Collection of dust in TEXTOR. Analysis of dust samples from different locations (floor, PFC surfaces, windows, liner) collected in TEXTOR. Comparison with dust from other machines; e.g. Tore Supra, ASDEX and with JET.

Analysis of fuel content in dust from various locations. Comparison with dust generated by laser-induced co-deposit removal. Assessment of relation between dust structure and fuel content
	VR
	0.00
	0.15
	5.00

	
	WP10-PWI-03-01-02/VR/BS
Dust generation in present devices: Assessment of conversion deposits-to-dust

· Comparison of deposits on PFC and dust collected in TEXTOR in order to assess the conversion factor. 

· Analysis of dust samples from different locations (floor, PFC surfaces, windows, liner) collected in TEXTOR.

· Comparison of global erosion in TEXTOR with the amount of generated dust. Multi-machine comparison

· Comparison, for various locations, of fuel content in dust and deposits.

· Comparison and assessment of dust generation by laser cleaning and oxidative methods. 


	VR
	0.30
	0.00
	0.00

	
	WP10-PWI-03-03-01/VR/BS
Characterization of mobile dust in plasma scrape-off layers using silica aerogel collectors

· Improve the exposure technique, through between shot optical microscopy for particle counting and thin surface over layers on collectors to facilitate the detection of small fast particles. 

· Improve the post mortem analysis techniques, including 3D imaging of trapped particles and impact craters by nuclear microbeam, FIB SEM and tomography. 

· Extend the database on intrinsic and injected dust fluxes in TEXTOR to a wider range of operating conditions and improved time resolution. 

· Provide data to improve the understanding of dust transport and acceleration mechanisms by comparison of dust flow asymmetries in the TEXTOR and MAST tokamaks with those in the T2R reversed field pinch device. 

· Investigate the role of hard terminations in T2R in dust production and mobilisation. 

· Compare the behaviour of graphite and metal intrinsic dust through comparable dust collection in TEXTOR and MAST (with graphite walls) and T2R and FTU (metal walls). 
	VR
	0.15
	0.00
	0.00

	
	WP10-PWI-03-03-01/VR/PS
Characterization of mobile dust in plasma scrape-off layers using silica aerogel collectors

· Improve the exposure technique, through between shot optical microscopy for particle counting and thin surface overlayers on collectors to facilitate the detection of small fast particles. 

· Improve the post mortem analysis techniques, including 3D imaging of trapped particles and impact craters by nuclear microbeam, FIB SEM and tomography. 

· Extend the database on intrinsic and injected dust fluxes in TEXTOR to a wider range of operating conditions and improved time resolution. 

· Provide data to improve the understanding of dust transport and acceleration mechanisms by comparison of dust flow asymmetries in the TEXTOR and MAST tokamaks with those in the T2R reversed field pinch device. 

· Investigate the role of hard terminations in T2R in dust production and mobilisation. 

· Compare the behaviour of graphite and metal intrinsic dust through comparable dust collection in TEXTOR and MAST (with graphite walls) and T2R and FTU (metal walls).
	VR
	0.00
	0.30
	0.00

	
	Total
	
	7.64
	1.90
	32.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely relate to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF E and TF FT
	· Observation of dust by visible and IR cameras

· Dust sampling during shutdowns (TF FT)


3.4 Publications
· EFDA 2009 Work Programme / EU PWI TF

· 2008 report of SEWG on Dust

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. 

The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. 

The EURATOM financial contribution will be made after approval of these reports by the EFDA Leader.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-03-00/VR/PS
	VR
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-03-01-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-03-01-02/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-03-02-02/IPPLM/PS
	IPPLM_Poland
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-03-03-01/CEA/PS
	CEA
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-03-03-01/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-03-03-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-03-03-03/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 234.392 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 53.278 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· EFDA 2009 Work Programme / EU PWI TF

· 2008 report of SEWG on Dust

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	CEA
	WP10-PWI-03-03-01/CEA/PS
	0.50
	52.50
	10.00
	0.00
	0.00
	62.50
	

	
	FZJ
	WP10-PWI-03-03-03/FZJ/PS
	0.25
	27.79
	7.00
	0.00
	0.00
	34.79
	

	
	IPP
	WP10-PWI-03-01-02/IPP/PS
	0.10
	12.00
	0.00
	0.00
	0.00
	12.00
	

	
	IPP
	WP10-PWI-03-03-01/IPP/PS
	0.20
	24.00
	10.00
	0.00
	0.00
	34.00
	

	
	IPPLM_Poland
	WP10-PWI-03-02-02/IPPLM/PS
	0.15
	3.24
	0.00
	0.00
	0.00
	3.24
	

	
	VR
	WP10-PWI-03-00/VR/PS
	0.25
	31.25
	0.00
	0.00
	0.00
	31.25
	

	
	VR
	WP10-PWI-03-01-01/VR/PS
	0.15
	18.75
	5.00
	0.00
	0.00
	23.75
	

	
	VR
	WP10-PWI-03-03-01/VR/PS
	0.30
	32.87
	0.00
	0.00
	0.00
	32.87
	

	Total 2010
	
	
	1.90
	202.39
	32.00
	0.00
	0.00
	234.39
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	CEA
	7
	9
	Attendance to the TF meetings 

Trips from Nancy to IPP Garching, in order to participate in camera measurements in AUG. 

Possibly transport of a fast camera.

	
	ENEA_CNR
	2
	2
	SEWG Meetings

	
	ENEA_Frascati
	2
	4
	SEWG Meetings

	
	FOM_Rijnhuizen
	1
	1
	SEWG meetings

	
	FZJ
	2
	6
	ITPA

	
	IPP
	4
	4
	SEWG Dust, visits to Univ. Nancy and WUT Warsaw

	
	IPPLM_Poland
	6
	13
	Participation in TF meetings, Joint experiments

	
	VR
	16
	20
	TF meetings

Joint experiments: FZJ-TEXTOR, collection of samples, TDS experiments, CEA, dust from TS, Culham, Frascati

ITPA meeting 

	
	Total
	40
	59
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1. Introduction

Present status: 

· Chemical erosion of carbon-based materials is adequately described as function of temperature, energy and incident flux. The role of synergistic effects with seeding gases is not fully understood. Work is ongoing concerning gases like Ne, Ar and N2.

· At plasma temperatures below 10 eV and fluxes above 1023/m2s, new experimental data from PILOT-PSI and tokamaks are available. ERO modelling is ongoing (need for plasma background as input). Experiments in H-mode are foreseen in the near future (2009). First measurements indicate a non linear increase of deposition measured by QMBs as a function of ELM energy. Chemical re-erosion yield of deposited layers due to ELMs is sill an open issue.

· Major trends of the global migration pattern are being identified. Experiments in AUG have confirmed that the outer midplane is the main impurity source with carbon walls. The outer divertor is a minor erosion source in comparison to the main chamber. However, it can switch from erosion-dominated to deposition-dominated by changing e.g. the geometry or the surface conditions. The transport from the outboard midplane to the inner divertor (13CH4 gas puffs experiments in AUG and JET) is reproduced in simulations, but absolute values are overestimated in the modelling. Re-erosion appears to be more pronounced in experiments.

· The long term material deposition is associated with the tritium retention issues, which become most prominent in PFCs with gap structure. No final conclusion on an optimum geometrical arrangement has been found yet. In particular the deposition in the bottom of gaps, far away from the top surface, is unclear and shall be investigated in the future by both modelling and experiments.

· Diagnostics for erosion/lifetime surveillance with resolution relevant for device safety are needed.

2. Objectives

The expected ITER-like domain will be characterised by a fully detached and recombining plasma in the inner divertor leg and semi-detached recombining plasma in the outer divertor leg. The present knowledge suggests that only the outer divertor will undergo net chemical erosion whereas the inner divertor will be deposition dominated and will probably show significant material mixing. The approach to ITER-like conditions for material erosion must go through two different routes: 

· on the experimental side new experiments must be performed with ITER reference materials in linear plasma devices able to reach the high fluences expected in ITER, but modified to reach ion flux and surface and electron temperature conditions relevant to ITER. The influence of ELMs needs to be studied in linear devices, but also dedicated experiments must be done in tokamaks. The addition of impurities (Be, B, O etc.) as well as seeding gases (Ne, N2, Ar etc.) needs to simulate the plasma composition expected in ITER. 

· In parallel, this needs to be accompanied by dedicated, well controlled ion beam experiments, as well as modelling for basic understanding and more reliable extrapolations. 

The scientific objectives of the task are.

- Cross machine comparisons of main wall erosion and local re- and co-deposition

- Characterisation of outer and inner divertor erosion as well as the migration of impurities from main chamber to divertor and inside the divertor 

- Further development of material migration codes

- Measurement and modelling of chemical erosion of low-Z materials in tokamaks for plasmas at low temperatures including the impact of seeding gases

3. Work Description and Breakdown

3.1 Structure
The Work Programme involves experiments on material erosion and transport in several European fusion devices (ASDEX Upgrade, Tore Supra, TEXTOR, MAST, JET for comparison) and linear plasma generators (PSI-2, PILOT/Magnum). It is coordinated by the SEWG Chemical Erosion and Material Transport which:

Sets up the experimental work programme, including the request for machine time in the different fusion devices

Supports the organisation of EU and international modelling collaborations 

Organises SEWG meetings for collection of data, interpretation and extrapolation of results.

Summarizes the collected data in a final report

Work under the present Task Agreement includes four activities:

WP10-PWI-04-01

Cross machine comparisons of main wall erosion and local re- and co-deposition

Measurements of local gross and net erosion in the main chamber along with local re-deposition., using midplane probes or long term samples left in place for a run campaign (e.g. ASDEX-Upgrade, MAST, TEXTOR, Tore Supra in comparison with JET and US devices). Such measurements should be performed in a coordinated spectroscopic approach (for gross erosion) to guarantee consistent measurements. Potential use of markers to track where the eroded material migrates.

WP10-PWI-04-02

Characterisation of outer and inner divertor erosion as well as the migration of impurities from main chamber to divertor and inside the divertor 

Use of 13C and other marker studies for migration studies in post-campaign erosion and deposition measurements and associated modelling. Additionally use of ‘single marker tiles’ (for example Mo on tungsten tiles in ASDEX-Upgrade, and Mo, 13C or W on C for carbon PFC machines) for toroidal and poloidal migration measurements. It should be clarified if the transport to remote areas can be attributed to chemical erosion only, or if it is a combination of physical and chemical erosion

WP10-PWI-04-03

Further development of material migration codes 

Development/improvement/combination of local and global erosion/transport codes (such as ERO …), to take into account PFC surface shaping to predict deposition patterns for both steady state diverted operation and during limiter start-up/ramp down phases. Benchmark with existing experimental data on the effect of surface roughness, shadowing effects and gap deposition. Try to use codes to find optimized shape of PFCs for ITER.

WP10-PWI-04-04

Measurement and modelling of chemical erosion of low-Z materials in tokamaks for plasmas at low temperatures including the impact of seeding gases

Low electron temperature plasma operation at high electron density is foreseen for the ITER divertor target plates. The intrinsic radiation by carbon seems currently to be insufficient to achieve the needed radiated fraction. Therefore seeding gases for radiation are foreseen. The interaction of seeding gases such as N2 is complicated and can cause additional chemical erosion of carbon. However, the increase of erosion might be compensated by the reduction of sputtering due to plasma cooling. Experiments in tokamaks such as AUG and TEXTOR and linear machines (MAGNUM) will be used to investigate the erosion at high deuterium ion fluxes with and without additional impurity seeding.

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-04-01-01/CEA/BS
· Design and construction of dedicated Langmuir probes for first wall measurements of heat and particle fluxes. 

· Installation of matrix of Langmuir probes on the outboard antenna protection limiter (APL) in Tore Supra
	CEA
	0.95
	0.00
	0.00

	
	WP10-PWI-04-01-01/CEA/PS
· Design and construction of dedicated Langmuir probes for first wall measurements of heat and particle fluxes. 

· Installation of matrix of Langmuir probes on the outboard antenna protection limiter (APL) in Tore Supra 
	CEA
	0.00
	0.30
	35.00

	
	WP10-PWI-04-02-01/CEA/BS
Modelling of carbon migration and fuel retention in Tore Supra

· Implementation of the Tore Supra 3D magnetic field in EIRENE, and testing.

· Ccomparison between HYDKIN and EIRENE codes. Inclusion of hydrocarbon transport in the Tore Supra case

· Use of the trace ion module; simulations of carbon emission patterns 
	CEA
	0.05
	0.00
	0.00

	
	WP10-PWI-04-02-01/CEA/PS
Modelling of carbon migration and fuel retention in Tore Supra

· Implementation of the Tore Supra 3D magnetic field in EIRENE, and testing.

· Ccomparison between HYDKIN and EIRENE codes. Inclusion of hydrocarbon transport in the Tore Supra case

· Use of the trace ion module; simulations of carbon emission patterns
	CEA
	0.00
	0.35
	0.00

	
	WP10-PWI-04-02-02/CEA/BS
Global carbon balance in Tore Supra
· Build up of a space-resolved scaling law of the gross C-erosion in Tore Supra ( based on spectroscopic measurements).
· Estimation of the net erosion on the Toroidal Pumped Limiter from confocal microscopy measurements and of the net deposition from the cleaning of the deposits on a whole sector of the vacuum chamber.
· Estimation of the integrated gross erosion from the mentioned above scaling law and calculations of the local deposition rate of the eroded carbon.
· Estimation of the total D-retention for the whole campaign from gas balance measurements. 
· Studies of the coupled carbon-deuterium balance and circulation in Tore Supra.
	CEA
	0.50
	0.00
	0.00

	
	WP10-PWI-04-04-01/CEA/BS
Low energy ion influence and impact of seeding gases on chemical erosion. 

· Particle beam and well controlled plasma laboratory experiments.

· Low energy ion influence on chemical erosion. 

· Ion/neutral synergistic effects as a function of the seeding gases. 
	CEA
	1.00
	0.00
	0.00

	
	WP10-PWI-04-01-01/CIEMAT/BS
Cross machine comparisons of hydrocarbon transport by gas injection

· Characterization of the edge plasma profiles (electron density and temperature and ion temperature) by the supersonic He beam diagnostic. 

· Injection of H2 and D2 molecular beams either alone or in their mixtures with He. 

· Injection of CH4 and CD4 under matched plasma conditions. Comparison between the spatial distribution of the excited fragments (CH,CD,H,D).

· Injection of hydrocarbon and He mixtures under matched plasma conditions 

· Injection of different gas mixtures under ECRH and NBI plasmas and correlation with different plasma parameters (including neutral density) 

· Injection of C2H4 and C2D4. Comparison with methane counterparts. 

· Comparison between matched experiments in Textor and TJ-II. 
	CIEMAT
	0.20
	0.00
	0.00

	
	WP10-PWI-04-01-01/CIEMAT/PS 

Cross machine comparisons of hydrocarbon transport by gas injection

· Characterization of the edge plasma profiles (electron density and temperature and ion temperature) by the supersonic He beam diagnostic. 

· Injection of H2 and D2 molecular beams either alone or in their mixtures with He. 

· Injection of CH4 and CD4 under matched plasma conditions. Comparison between the spatial distribution of the excited fragments (CH,CD,H,D).

· Injection of hydrocarbon and He mixtures under matched plasma conditions 

· Injection of different gas mixtures under ECRH and NBI plasmas and correlation with different plasma parameters (including neutral density) 

· Injection of C2H4 and C2D4. Comparison with methane counterparts. 

· Comparison between matched experiments in Textor and TJ-II.
	CIEMAT
	0.00
	0.20
	0.00

	
	WP10-PWI-04-01-01/DCU//BS
Benchmarking of impurity transport codes on MAST

Studies of the transport of carbon in the scrape-off layer of MAST and benchmarking of computer simulations (OSL-EIRENE) against experimental observations.
	DCU_Ireland
	1.00
	0.00
	0.00

	
	WP10-PWI-04-01-01/FOMRIJN/BS
Gross and net erosion measurements on Pilot/Magnum
	FOM_Rijnhuizen
	0.30
	0.00
	0.00

	
	WP10-PWI-04-03-01/FOMRIJN/BS
· Contribute to benchmarking of ERO on PILOT/MAGNUM: chemical erosion

· Contribute to benchmarking of ERO on PILOT with detailed target probe measurements of the ion saturation current and the floating potential.
	FOM_Rijnhuizen
	0.65
	0.00
	0.00

	
	WP10-PWI-04-03-01/FOMRIJN/PS
· Contribute to benchmarking of ERO on PILOT/MAGNUM: chemical erosion

· Contribute to benchmarking of ERO on PILOT with detailed target probe measurements of the ion saturation current and the floating potential.
	FOM_Rijnhuizen
	0.00
	0.35
	0.00

	
	WP10-PWI-04-04-01/FOMRIJN/BS
· Studies of chemical erosion in Pilot/Magnum and the impact of nitrogen seeding

· Comparison of LIBS data of virgin samples with those exposed to Pilot/Magnum plasma
	FOM_Rijnhuizen
	0.30
	0.00
	0.00

	
	WP10-PWI-04-00/FZJ/PS
Leadership SEWG Material Migration

Task coordinator of the task agreement:

Erosion, transport and deposition of low-Z wall materials
	FZJ
	0.00
	0.25
	0.00

	
	WP10-PWI-04-01-02/FZJ/BS
Coordinated experiments with other machines (TS, JET,......): Gross vs. net erosion and main wall erosion-deposition. 

· Execute a set of experiments to determine the net erosion and gross erosion with 

a) local gas injection of methane and detection with QMB and spectroscopy and 

b) in a long term experiment comparing spectroscopy and weight loss measurements in prepared graphite probes located in the TEXTOR PWI facility. 

· Long-term analysis (campaign integrated) of spectroscopic measured fluxes on the ALT limiter and DED target plates
	FZJ
	0.50
	0.00
	0.00

	
	WP10-PWI-04-01-03/FZJ/BS
Coordinated experiments with other machines (TS, JET,......): Gross vs. net erosion and main wall erosion-deposition. 

· Execute a set of experiments to determine the net erosion and gross erosion with 

a) local gas injection of methane and detection with QMB and spectroscopy and 

b) in a long term experiment comparing spectroscopy and weight loss measurements in prepared graphite probes located in the TEXTOR PWI facility. 

· Long-term analysis (campaign integrated) of spectroscopic measured fluxes on the ALT limiter and DED target plates
	FZJ
	0.40
	0.00
	0.00

	
	WP10-PWI-04-03-01/FZJ/BS
3D modelling of the limiter phases in a Tokamak 

· Perform with the EMC3-Eirene and ERO code packages modelling of the limiter start-up/ramp down phases in AUG and Textor to determine particle and power fluxes to PFCs and to model the impurity transport in the edge layer. 

· Further development of the EMC3-Eirene - ERO code package to enable fully self-consistent simulations of the plasma wall interaction and plasma transport. 
	FZJ
	1.15
	0.00
	0.00

	
	WP10-PWI-04-03-01/FZJ/PS
3D modelling of the limiter phases in a Tokamak 

· Perform with the EMC3-Eirene and ERO code packages modelling of the limiter start-up/ramp down phases in AUG and Textor to determine particle and power fluxes to PFCs and to model the impurity transport in the edge layer. 

· Further development of the EMC3-Eirene - ERO code package to enable fully self-consistent simulations of the plasma wall interaction and plasma transport.
	FZJ
	0.00
	0.35
	0.00

	
	WP10-PWI-04-03-03/FZJ/BS
Further development of material migration codes 

· Perform with ERO code benchmarking modelling of various experimental results from TEXTOR, PISCES-B and other linear machines. In particular: 

-Investigate of impurity transport to plasma-shadowed areas and erosion of deposited layers at such locations by means of the 3DGap and ERO codes.

-Investigate beryllium transport in the plasma of  PISCES-B and resulting mixing effects at the surface. 

· Further development of the ERO codes by including new effects (for instance surface roughness). 
	FZJ
	0.40
	0.00
	0.00

	
	WP10-PWI-04-03-04/FZJ/PS
Further development of material migration codes 

· Perform with ERO code benchmarking modelling of various experimental results from TEXTOR, PISCES-B and other linear machines. In particular: 

-Investigate of impurity transport to plasma-shadowed areas and erosion of deposited layers at such locations by means of the 3DGap and ERO codes.

-Investigate beryllium transport in the plasma of  PISCES-B and resulting mixing effects at the surface. 

· Further development of the ERO codes by including new effects (for instance surface roughness)
	FZJ
	0.00
	0.20
	0.00

	
	WP10-PWI-04-04-02/FZJ/BS
Multimachine experiments on the impact of impurity seeding on erosion of C and W 

· Execute a set of experiments in TEXTOR and MAGNUM to determine the C and W erosion under the impact of seeding impurities (N2, Ar). 

· Investigate the interplay of local cooling and reduction of the erosion source and the source increase due to the additional particle bombardment. 

· Benchmark the ERO simulation results with experimental observations.

· Compare the TEXTOR and MAGNUM results with comparable experiments in JET. 

· Perform experiments with the W/C twin limiter.

· Perform experiments in Jule-PSI device to simulate the divertor conditions and upgrade the spectrometer to observe simultaneously W and C lines.
	FZJ
	0.60
	0.00
	0.00

	
	WP10-PWI-04-04-03/FZJ/PS
Multimachine experiments on the impact of impurity seeding on erosion of C and W 

· Execute a set of experiments in TEXTOR and MAGNUM to determine the C and W erosion under the impact of seeding impurities (N2, Ar). 

· Investigate the interplay of local cooling and reduction of the erosion source and the source increase due to the additional particle bombardment. 

· Benchmark the ERO simulation results with experimental observations.

· Compare the TEXTOR and MAGNUM results with comparable experiments in JET. 

· Perform experiments with the W/C twin limiter.

Perform experiments in Jule-PSI device to simulate the divertor conditions and upgrade the spectrometer to observe simultaneously W and C lines.
	FZJ
	0.00
	0.40
	20.00

	
	WP10-PWI-04-04-01/UCY/BS
Modelling and large scale MD simulations of the erosion mechanisms for C and Be targets under hydrogen and helium bombardment.
	Cyprus
	0.80
	0.00
	0.00

	
	WP10-PWI-04-01-01/IPP/BS
Local gross and net erosion in the main chamber of ASDEX Upgrade

· Measurements of the local gross and net erosion of W in ASDEX Upgrade by simultaneous use of marker layers and spectroscopy.
	IPP
	0.30
	0.00
	0.00

	
	WP10-PWI-04-02-01/IPP/BS
Characterisation of the migration of impurities inside the divertor of ASDEX Upgrade

· Perform numerical modelling of hydrocarbon transport in the AUG L-mode divertor plasma using the SOLPS5.0 and ERO codes.

· Validate different assumptions of the model and benchmark the simulation results with the general deposition pattern. 
	IPP
	0.20
	0.00
	0.00

	
	WP10-PWI-04-02-02/IPP/BS
Measurement of W erosion in the outer divertor of AUG using marker stripes.
	IPP
	0.30
	0.00
	0.00

	
	WP10-PWI-04-03-02/IPP/BS
· Extension of transport codes (B2/EIRENE, DIVIMP, ERO) to simulate wall erosion, material migration and deposition/mixing for devices with several different wall materials. 

· Transport calculations for ITER and JET (to compare the model against Be/C migration experiments) using an improved PWI model including the formation of thermodynamic phases like oxides and carbides and the resulting modifications in the erosion rates.

· Development of the extension of computational grids flush to plasma facing surfaces for DIVIMP on the base of the automatic grid tailoring code GRIDADAP. 

· Comparison of old ITER predictive simulations (old grid) with simulations s in the extended grid geometry. 

· Experimental benchmarking data from PISCES-B, possibly Pilot-PSI and other relevant devices. 
	IPP
	1.05
	0.00
	0.00

	
	WP10-PWI-04-03-03/IPP/PS 

· Extension of transport codes (B2/EIRENE, DIVIMP, ERO) to simulate wall erosion, material migration and deposition/mixing for devices with several different wall materials. 

· Transport calculations for ITER and JET (to compare the model against Be/C migration experiments) using an improved PWI model including the formation of thermodynamic phases like oxides and carbides and the resulting modifications in the erosion rates.

· Development of the extension of computational grids flush to plasma facing surfaces for DIVIMP on the base of the automatic grid tailoring code GRIDADAP. 

· Comparison of old ITER predictive simulations (old grid) with simulations s in the extended grid geometry. 

· Experimental benchmarking data from PISCES-B, possibly Pilot-PSI and other relevant devices.
	IPP
	0.00
	0.25
	0.00

	
	WP10-PWI-04-03-06/IPP/BS
3D modelling of the limiter phases in a Tokamak 

· Perform with the EMC3-Eirene and ERO code packages modelling of the limiter start-up/ramp down phases in AUG and Textor to determine particle and power fluxes to PFCs and to model the impurity transport in the edge layer. 

· Further development of the EMC3-Eirene - ERO code package to enable fully self-consistent simulations of the plasma wall interaction and plasma transport.  
	IPP
	1.15
	0.00
	0.00

	
	WP10-PWI-04-03-06/IPP/PS
3D modelling of the limiter phases in a Tokamak 

· Perform with the EMC3-Eirene and ERO code packages modelling of the limiter start-up/ramp down phases in AUG and Textor to determine particle and power fluxes to PFCs and to model the impurity transport in the edge layer. 

· Further development of the EMC3-Eirene - ERO code package to enable fully self-consistent simulations of the plasma wall interaction and plasma transport.
	IPP
	0.00
	0.35
	0.00

	
	WP10-PWI-04-03-01/IPPCR/BS
Plasma deposition in ITER shadowed gaps

· Benchmarking of the SPICE code with experimental results on plasma deposition in gaps.

· Numerical investigations of deposition of ITER plasma and its components (D and T) into shadowed (by roof-like tiles) gaps for toroidal and poloidal orientations.

· Studies of the plasma depostion mechanisms and the influence of B-field orientation on plasma penetration into gaps.

· Development of special probe that recreates a gap with insulated, conductive segments along it in order to measure the ion saturation current profiles in COMPASS and compare with ITER simulation results.
	IPP-CR
	1.00
	0.00
	0.00

	
	WP10-PWI-04-04-01/IPPCR/BS
Studies of interaction of seeding gas ions like N2 or Ar and C1,C2 hydrocarbon ions with surfaces of beryllium, modified (oxidated) Be and carbon to obtain information on sputtering of ions, chemical reactions and projectile ion dissociation at surfaces, energy transfer and ion survival in collisions with surfaces. 
	IPP-CR
	1.00
	0.00
	0.00

	
	WP10-PWI-04-02-01/IPPLM/BS
Perform characterization of AUG divertor outer strike point tiles with various microscopic and analytical techniques (TEM, FIB, SEM, XRD, AES etc). 
	IPPLM_Poland
	0.50
	0.00
	0.00

	
	WP10-PWI-04-04-01/MEdC/BS
Experimental investigations and and numerical studies (ERO) of chemical erosion of low-Z materials for plasmas at low temperatures is one of the experiments in Pilot-PSI / Magnum-PSI. 
	MEdC
	0.50
	0.00
	0.00

	
	WP10-PWI-04-04-01/MHST/BS 

In-situ studies of formation of mixed layers under neutral atom/molecule impact on surface
	MHST_Slovenia
	0.80
	0.00
	0.00

	
	WP10-PWI-04-03-01/OEAW/BS
Modelling of material migration with EIRENE-TIM (Trace Ion Module). 
	OEAW
	0.45
	0.00
	0.00

	
	WP10-PWI-04-04-01/OEAW/BS
Laboratory studies of erosion of a-C:H layers by seeding gas ions (e.g. single and multiply charged nitrogen ions, nitrogren molecular ions) using a quartz crystal microbalance. 
	OEAW
	1.20
	0.00
	0.00

	
	WP10-PWI-04-04-02/OEAW/BS
· Participation in coordinated experiments on carbon erosion associated with seeding impurities 

· Laboratory studies of erosion of a-C:H layers by seeding gas ions. 

· Integratetion of the quartz crystal microbalance (QCM) setup into the MAJESTIX setup (IPP) 

· Deposition of hard and soft a-C:H films as well as W films onto the quartz crystal and bombarded by seeding gas ions and/or radicals (CH3, H, D). 

· QCM time-resoved measurements of mass changes due to net-erosion (or net-deposition) 
	OEAW
	0.28
	0.00
	0.00

	
	WP10-PWI-04-04-02/OEAW/PS
· Participation in coordinated experiments on carbon erosion associated with seeding impurities 

· Laboratory studies of erosion of a-C:H layers by seeding gas ions. 

· Integratetion of the quartz crystal microbalance (QCM) setup into the MAJESTIX setup (IPP) 

· Deposition of hard and soft a-C:H films as well as W films onto the quartz crystal and bombarded by seeding gas ions and/or radicals (CH3, H, D). 

· QCM time-resoved measurements of mass changes due to net-erosion (or net-deposition)
	OEAW
	0.00
	0.40
	0.00

	
	WP10-PWI-04-01-01/TEKES/BS
Studies of erosion of probes in the main chamber and erosion/deposition at the outer divertor of AUG

· Exposure of erosion probes to AUG plasma 

· Post mortem surface analysis of the tiles using SIMS, NRA and RBS and determining the erosion of marker coatings and deposition on them, 

· Analyses of probes before and after their exposure using RBS

· Production of new erosion probes for experiments in AUG

· ERO simulations of  erosion of marker coatings and comparison to post mortem analyses
	TEKES
	0.20
	0.00
	0.00

	
	WP10-PWI-04-01-02/TEKES/PS 

Studies of erosion of probes in the main chamber and erosion/deposition at the outer divertor of AUG

· Exposure of erosion probes to AUG plasma 

· Post mortem surface analysis of the tiles using SIMS, NRA and RBS and determining the erosion of marker coatings and deposition on them, 

· Analyses of probes before and after their exposure using RBS

· Production of new erosion probes for experiments in AUG

ERO simulations of  erosion of marker coatings and comparison to post mortem analyses
	TEKES
	0.00
	0.30
	10.00

	
	WP10-PWI-04-02-01/TEKES/BS
Global and local 13C migration studies in AUG

· Post mortem surface analysis (13C) of AUG tiles using SIMS

· Determination of 13C deposition pattern on the tiles

· Modelling existing 13C data with the DIVIMP code

· Modelling data obtained from the local 13C puffings using the SOLPS code

· Production of new marker tiles for erosion and deposition studies in AUG.
	TEKES
	0.60
	0.00
	0.00

	
	WP10-PWI-04-02-02/TEKES/PS 

Global and local 13C migration studies in AUG

· Post mortem surface analysis (13C) of AUG tiles using SIMS

· Determination of 13C deposition pattern on the tiles

· Modelling existing 13C data with the DIVIMP code

· Modelling data obtained from the local 13C puffings using the SOLPS code

· Production of new marker tiles for erosion and deposition studies in AUG.
	TEKES
	0.00
	0.20
	20.00

	
	WP10-PWI-04-03-01/TEKES/BS
Development ERO code for limiter phase and surface roughness simulation 

· Development of preprocessor for ERO to read EMC3 data

· ERO simulations of limiter erosion and impurity migration in a 3D setup

· Surface description allowing roughness to be defined

· Simulations of the effect of varying roughness on deposition
	TEKES
	0.40
	0.00
	0.00

	
	WP10-PWI-04-03-02/TEKES/PS 

Development ERO code for limiter phase and surface roughness simulation 

· Development of preprocessor for ERO to read EMC3 data

· ERO simulations of limiter erosion and impurity migration in a 3D setup

· Surface description allowing roughness to be defined

· Simulations of the effect of varying roughness on deposition
	TEKES
	0.00
	0.20
	0.00

	
	WP10-PWI-04-04-01/TEKES/BS
Applying LIBS in studying erosion/deposition of low-Z materials

· LIBS analysis of marker samples before and after their exposure to MAGNUM and/or PILOT-PSI

· Determination of elemental composition and removal rate of the marker coatings
	TEKES
	1.00
	0.00
	0.00

	
	WP10-PWI-04-04-02/TEKES/BS 

Applying LIBS in studying erosion/deposition of low-Z materials

· LIBS analysis of marker samples before and after their exposure to MAGNUM and/or PILOT-PSI

· Determination of elemental composition and removal rate of the marker coatings
	TEKES
	0.50
	0.00
	0.00

	
	WP10-PWI-04-01-01/VR/PS
Studies of local re- and co-deposition of seeded low-Z species

· Detailed post-mortem analysis of deposited 13C on wall structures, marker tiles and deposition probes including a collector probe (TEXTOR). 

· C-13 injection experiments on TEXTOR with the use of collector probe. Design the probes and marker tiles.

· Participation in experiments with nitrogen seeding and assessment of analysis methods for seeded nitrogen re-deposited on PFC.

· Analysis of fuel retention and deposition of seeded species in gaps separating tiles.
	VR
	0.00
	0.10
	5.00

	
	WP10-PWI-04-01-02/VR/BS
Local re- and co-deposition of eroded material

· Detailed post-mortem analysis of deposited 13C and nitrogen (and neon) on wall structures, marker tiles and deposition probes including a collector probe (TEXTOR). 

· Analysis of light elements, like fluorine, after injection experiments with tungsten hexafluoride gas.
	VR
	0.15
	0.00
	0.00

	
	Total
	
	20.38
	4.20
	90.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely relate to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF E and TF FT
	· Measurements (spectroscopy/QMB) and modelling (EDGE2D/EIRENE, DIVIMP and ERO) of first wall material erosion under ITER relevant conditions (TF E)

· Material transport studies with tracers (13CD4 injection to study the C transport, possibly SiH4 injection as a mimic for Be transport) and associated post mortem analysis (TF E and FT)

· Detachment in L-mode discharges at high magnetic field in hydrogen plasmas (H-mode threshold higher) for benchmark of atomic and molecular data


3.4 Publications
· 2010 Work Programme of the EU PWI TF

· 2007, 2008 and 2009 reports of SEWG on Material Migration

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. 

The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. 

The EURATOM financial contribution will be made after approval of these reports by the EFDA Leader.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-04-00/FZJ/PS
	FZJ
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-04-01-01/CEA/PS
	CEA
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-01-01/CIEMAT/PS
	CIEMAT
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-01-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-01-02/TEKES/PS
	TEKES
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-01-03/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-02-01/CEA/PS
	CEA
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-02-02/TEKES/PS
	TEKES
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-03-01/FOMRIJN/PS
	FOM_Rijnhuizen
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-03-01/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-03-02/TEKES/PS
	TEKES
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-03-03/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-03-04/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-03-06/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-04-02/OEAW/PS
	OEAW
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-04-02/TEKES/PS
	TEKES
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-04-04-03/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 552.795 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 128.559 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· 2010 Work Programme of the EU PWI TF

· 2007, 2008and 2009 reports of SEWG on Material Migration

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	CEA
	WP10-PWI-04-01-01/CEA/PS
	0.30
	40.80
	35.00
	0.00
	0.00
	75.80
	

	
	CEA
	WP10-PWI-04-02-01/CEA/PS
	0.35
	36.75
	0.00
	0.00
	0.00
	36.75
	

	
	CIEMAT
	WP10-PWI-04-01-01/CIEMAT/PS
	0.20
	18.00
	0.00
	0.00
	0.00
	18.00
	

	
	FOM_Rijnhuizen
	WP10-PWI-04-03-01/FOMRIJN/PS
	0.35
	52.15
	0.00
	0.00
	0.00
	52.15
	

	
	FZJ
	WP10-PWI-04-00/FZJ/PS
	0.25
	33.80
	0.00
	0.00
	0.00
	33.80
	

	
	FZJ
	WP10-PWI-04-03-01/FZJ/PS
	0.35
	36.34
	0.00
	0.00
	0.00
	36.34
	

	
	FZJ
	WP10-PWI-04-03-04/FZJ/PS
	0.20
	27.04
	0.00
	0.00
	0.00
	27.04
	

	
	FZJ
	WP10-PWI-04-04-03/FZJ/PS
	0.40
	39.65
	20.00
	0.00
	0.00
	59.65
	

	
	IPP
	WP10-PWI-04-03-03/IPP/PS
	0.25
	30.00
	0.00
	0.00
	0.00
	30.00
	

	
	IPP
	WP10-PWI-04-03-06/IPP/PS
	0.35
	34.65
	0.00
	0.00
	0.00
	34.65
	

	
	TEKES
	WP10-PWI-04-01-02/TEKES/PS
	0.30
	45.00
	10.00
	0.00
	0.00
	55.00
	

	
	TEKES
	WP10-PWI-04-02-02/TEKES/PS
	0.20
	22.50
	20.00
	0.00
	0.00
	42.50
	

	
	TEKES
	WP10-PWI-04-03-02/TEKES/PS
	0.20
	23.33
	0.00
	0.00
	0.00
	23.33
	

	
	VR
	WP10-PWI-04-01-01/VR/PS
	0.10
	12.50
	5.00
	0.00
	0.00
	17.50
	

	
	OEAW
	WP10-PWI-04-04-02/OEAW/PS
	0.40
	10.28
	0.00
	0.00
	0.00
	10.28
	

	Total 2010
	
	
	4.20
	462.80
	90.00
	0.00
	0.00
	552.80
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	CEA
	7
	7
	Visit to associations involved in the design and manufacturing of the probes 

Attendance at the TF meetings 

	
	CIEMAT
	1
	2
	Visits to Textor, IPP Juelich

	
	Cyprus
	1
	2
	TF meetings

	
	DCU_Ireland
	4
	3
	Experiments on MAST

	
	FOM_Rijnhuizen
	2
	1
	Coordinated modelling in FZJ

	
	FZJ
	8
	18
	Annual meetings of SEWG and TF 

Visits to MAGNUM/FOM

	
	IPP
	4
	4
	TF meetings

	
	IPP-CR
	4
	8
	PWI task force annual meeting

Visit to CEA Cadarache, France  and joint experiments at University of Innsbruck

	
	IPPLM_Poland
	2
	1
	Participation in SEWG and annual PWI-TF meetings

	
	MEdC
	4
	8
	Joint experiments - FOM 

	
	MHST_Slovenia
	4
	4
	SEWG meeting, joint experiment: FZ Juelich, IPP Garching

	
	OEAW
	4
	11
	FZ Jlich cooperation 

IPP Garching for joint laboratory experiments

	
	TEKES
	1
	5
	Ion beam analyses, IPP Garching

	
	VR
	2
	3
	FZJ – experiments, SEWG meeting 

	
	Total
	48
	77
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1. Introduction

Present status:

· Un-boronised full W tokamak (AUG) operation could be demonstrated (start-up feasible, W erosion tolerable, good confinement, low D retention in W coatings, in agreement with lab. experiments). A concern is the W erosion by ELMs and by ions accelerated by ICRH.

· Good performance is obtained in impurity seeded (nitrogen) boronised discharges: significant divertor heat loads were obtained after boronisation (suppression of low Z impurities), leading to W coating damage. They were successfully reduced by radiation cooling. 

· Successful initiation of irradiated W sample characterization.

· Progress of diagnostics (W spectroscopy, erosion measurements by QMBs).

· Liquid lithium limiter based on capillary porous system tested up to 5MW/m2. First experiments with liquid Ga jet were performed on ISTTOK. Hydrogenic retention and stability is to be investigated.

2. Objectives

· Provide data and basic understanding of PWI phenomena to support the development of integrated scenarios (start up, steady state operation, auxiliary heating) for a full W divertor and in an all-metal machine. Develop W related diagnostics in collaboration with TG Diagnostics. 

· Investigate the effects of transient heat loads on materials and the impact of material damage on plasma operation. 

· Benchmark edge codes on W transport against tokamak experimental data 

· Demonstrate the usability of the liquid metals as plasma facing components. 

3. Work Description and Breakdown

3.1 Structure
The Work Programme involves experiments on the compatibility of high-Z materials with plasma operation in several European fusion devices (ASDEX Upgrade, FTU, TEXTOR and possible other relevant devices).It includes as well assessment of operation of tokamaks with liquid metals PFCs and in particular:

uptake of hydrogen in liquid metals 

power load capabilities (a new single element actively cooled and lithium refilled, able to withstand heat loads up to 10MW/m2 for 4s, is being designed for FTU)

behaviour under transient plasma conditions (splashing, evaporation)

and supporting modelling using the FOREV, MEMOS and possibly other relevant codes.

It is coordinated by the SEWG High-Z Materials which:

Sets up the experimental work programme, including the request for machine time in the different fusion devices and plasma simulators / experimental facilities.

Supports the organisation of EU and international modelling collaborations 

Organises SEWG meetings for collection of data, interpretation and extrapolation of results.

Summarizes the collected data in a final report, on melt splashing and evaporation under the transient conditions.

Work under the present Task Agreement includes four activities:

WP10-PWI-05-01

PWI in a full-W device

· Participate in the control of W core accumulation under high power regimes (central ECRH, ELM pace-making), in particular assessment of the most reliable method for reducing W erosion by ICRH (comparison with C-Mod)

· Investigate the effect of different seed impurities (Ne,Ar,N2) on W erosion and PFCs heat loads (comparison with Mo erosion in FTU)

· W related diagnostic: development of W influx diagnostics. IR measurements in an all-metal machine (in collaboration with TG diagnostics).

· W morphology under plasma bombardment: growth of nanostructures and blister generation on W under He and hydrogenic fluxes (collaboration with TG materials). 

· Fuel retention (in collaboration with the SEWG fuel retention) : assess current understanding of hydrogenic retention in high-Z materials: modelling of deep retention, permeability at high temperature, dependence on fluence, role of ELMs and disruptions, influence of neutron irradiation, discrepancy between lab. and tokamak retention.

WP10-PWI-05-02

Damage of metal PFCs under high heat fluxes

Effect of divertor target pre-damage on device operation, effects of unmitigated and mitigated ELMs on W,molten material dynamics (MEMOS modelling), upgrading of used and/or development of new techniques for thick W coating deposition. Test of shaped FW mock-ups, development of models taking into account surface shaping.

WP10-PWI-05-03

Interpretative PWI modelling

Benchmarking the codes used for ITER predictions (ERO, DIVIMP, SOLPS…) against AUG full-W results in terms of W erosion, core contamination, fuel retention. This will be carried out in close connection with the ITM-TF.

WP10-PWI-05-04

Potential of liquid metal PFCs

· Assessment of hydrogenic retention in liquid metals and stability against transients of liquid metals. 

· Design, tests, installation and commissioning of liquid limiters in EU devices (FTU, IST, TJII …)

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-05-01-01/SCKCEN/BS
SEM characterization of neutron irradiated and thermal shocked tungsten specimens

· Perform investigation of pure and alloyed tungsten specimens on its thermal shock resistance before and after neutron irradiation. 

· Analysis of the degradation caused by the neutron irradiation and the influence of different grades for the thermal shock resistance. 
	Belgium_SCK-CEN
	0.80
	0.00
	0.00

	
	WP10-PWI-05-01-01/SCKCEN/PS
SEM characterization of neutron irradiated and thermal shocked tungsten specimens

· Perform investigation of pure and alloyed tungsten specimens on its thermal shock resistance before and after neutron irradiation. 

· Analysis of the  degradation caused by the neutron irradiation and the influence of different grades for the thermal shock resistance.
	Belgium_SCK-CEN
	0.00
	0.70
	35.00

	
	WP10-PWI-05-01-02/SCKCEN/BS
Plasmatron VISION I target design for the study of tungsten specimens under He/D plasma exposure.

· Design special target enabling use of langmuir probes and disc probes in plasmotron

· Upgrade the gas mixing circuit in order to use mixture of three gasses (He, D and T) in the experiments.
	Belgium_SCK-CEN
	1.50
	0.00
	0.00

	
	WP10-PWI-05-03-01/CEA/BS
Application of SOLPS to full W AUG scenario (bundle states)

Application of existing SOLPS models to AUG full-W scenarios and comparison with experiment, including bundled charged states descriptions of W species. 
	CEA
	0.35
	0.00
	0.00

	
	WP10-PWI-05-01-01/ENEACNR/BS
Pulsed Laser Depositiop of nanocrystalline and nanostructured W coatings

· Development of an alternative coating technique able to produce films with suitable properties for application in fusion devices with control of the structure and morphology of W films down to the micro- and nanoscale 

· The coatings should characterized by 

-Scanning Electron Microscopy 

-XRD 

-measurements on adhesion and mechanical properties. 

· Comparison with PS coatings. 

· Exposure to edge plasmas in the FTU tokamak, to high heat flux test facilities and to cold plasma reactor at IFP-CNR. (Characterization of W coatings coming from AUG is possible too.) 
	ENEA_CNR
	0.15
	0.00
	0.00

	
	WP10-PWI-05-01-01/ENEACNR/PS
Pulsed Laser Depositiop of nanocrystalline and nanostructured W coatings

· Development of an alternative coating technique able to produce films with suitable properties for application in fusion devices with control of the structure and morphology of W films down to the micro- and nanoscale 

· The coatings should characterized by 

-Scanning Electron Microscopy 

-XRD 

-measurements on adhesion and mechanical properties. 

· Comparison with PS coatings. 

Exposure to edge plasmas in the FTU tokamak, to high heat flux test facilities and to cold plasma reactor at IFP-CNR. (Characterization of W coatings coming from AUG is possible too.)
	ENEA_CNR
	0.00
	0.35
	0.00

	
	WP10-PWI-05-00/ENEAFRA/PS
Leadership SEWG on High Z materials and Liquid Metals

Task coordinator of task agreement:

Development of the PWI basis in support of integrated high-Z scenarios for ITER. Demonstration of liquid plasma-facing components
	ENEA_Frascati
	0.00
	0.25
	0.00

	
	WP10-PWI-05-01-01/ENEAFRA/BS
PWI in a full-W device

· Injection of (Ar, Ne and N2) in to FTU discharges for comparative study of their effect on the production of high-Z impurities (Mo, W) using visible and UV spectroscopy and  Langmuir probes to monitor the incident ion flux, the produced high-z impurities and the scrape-off layer parameters. 

· A fast IR detector is foreseen to be installed, monitoring the effect of seed impurities on the heat loads.

· Comparison with impurity seeding experiments in ASDEX-Upgrade.
	ENEA_Frascati
	0.07
	0.00
	0.00

	
	WP10-PWI-05-01-01/ENEAFRA/PS
PWI in a full-W device

· Injection of (Ar, Ne and N2) in to FTU discharges for comparative study of their effect on the production of high-Z impurities (Mo, W) using visible and UV spectroscopy and  Langmuir probes to monitor the incident ion flux, the produced high-z impurities and the scrape-off layer parameters. 

· A fast IR detector is foreseen to be installed, monitoring the effect of seed impurities on the heat loads.

· Comparison with impurity seeding experiments in ASDEX-Upgrade.
	ENEA_Frascati
	0.00
	0.10
	0.00

	
	WP10-PWI-05-01-02/ENEAFRA/BS
PWI in a full-W device

· Development and qualification of thick (up to 5 mm) W coatings deposited by the low pressure plasma spray (LPPS) technique on stainless steel and CuCrZr substrates with different shapes (p.e. tubes with external rectangular cross section).

· Optimization of composition and thickness of the interlayer as well as the spraying temperature. 

· Characterisation of microstructure, impurity content, density, tensile strength, adhesion strength, thermal conductivity and thermal expansion coefficient. 

· Exposure  to the FTU scrape-off layer plasma. Comparison to coatings produced by  IFP-CNR-Milano 


	ENEA_Frascati
	0.09
	0.00
	0.00

	
	WP10-PWI-05-01-02/ENEAFRA/PS
PWI in a full-W device

· Development and qualification of thick (up to 5 mm) W coatings deposited by the low pressure plasma spray (LPPS) technique on stainless steel and CuCrZr substrates with different shapes (p.e. tubes with external rectangular cross section).

· Optimization of composition and thickness of the interlayer as well as the spraying temperature. 

· Characterisation of microstructure, impurity content, density, tensile strength, adhesion strength, thermal conductivity and thermal expansion coefficient. 

· Exposure  to the FTU scrape-off layer plasma. Comparison to coatings produced by  IFP-CNR-Milano 
	ENEA_Frascati
	0.00
	0.25
	10.00

	
	WP10-PWI-05-04-01/ENEAFRA/BS
Potential of liquid metal PFCs

· Installation of a new liquid lithium limiter actively cooled and refilled on FTU

· Investigation in a dedicated experimental campaign
	ENEA_Frascati
	0.10
	0.00
	0.00

	
	WP10-PWI-05-04-01/ENEAFRA/PS
Potential of liquid metal PFCs

· Installation of a new liquid lithium limiter actively cooled and refilled on FTU

· Investigation in a dedicated experimental campaign
	ENEA_Frascati
	0.00
	0.50
	15.00

	
	WP10-PWI-05-01-01/FOMRIJN/BS
Fuel retention in W and erosion of W

· Fuel retention in W as function of transient ELM-like power and particle flux on PILOT up to 0.1 MJ/m2

· W erosion under impurity seeding (including S/XB measurements) at Pilot
	FOM_Rijnhuizen
	0.60
	0.00
	0.00

	
	WP10-PWI-05-01-02/FOMRIJN/BS
W erosion and W morphology

· Development of W influx diagnostic: ELM resolved measurements of W erosion (including S/XB) and the effect of different seed impurities in AUG: cross machine comparison with results obtained at Pilot-PSI

· Measurement of W erosion (including S/XB) and the effect of different seed impurities in PILOT, TEXTOR and AUG

· W morphology under plasma bombardment on Pilot/Magnum and PISCES, W-fuzz (cooperation with PISCES)
	FOM_Rijnhuizen
	0.20
	0.00
	0.00

	
	WP10-PWI-05-01-02/FOMRIJN/PS
W erosion and W morphology

· Development of W influx diagnostic: ELM resolved measurements of W erosion (including S/XB) and the effect of different seed impurities in AUG: cross machine comparison with results obtained at Pilot-PSI

· Measurement of W erosion (including S/XB) and the effect of different seed impurities in PILOT, TEXTOR and AUG

· W morphology under plasma bombardment on Pilot/Magnum and PISCES, W-fuzz (cooperation with PISCES)
	FOM_Rijnhuizen
	0.00
	0.40
	40.00

	
	WP10-PWI-05-02-01/FOMRIJN/BS
Damage of metal PFCs under high heat fluxes

Study of damage of metal PFC under high heat flux, effect of ELM-like pulses on tungsten on PILOT: melting
	FOM_Rijnhuizen
	0.30
	0.00
	0.00

	
	WP10-PWI-05-04-01/FOMRIJN/BS
Potential of liquid metal PFCs

Feasibility study for liquid metal target in Magnum
	FOM_Rijnhuizen
	0.20
	0.00
	0.00

	
	WP10-PWI-05-01-01/FZJ/BS
Multimachine analysis of W erosion/influx with and without impurity seeding (TEXTOR, AUG, MAGNUM)

· Determination of C and W erosion at limiters in TEXTOR under the impact of seeding impurities (N2, Ar). 

· Study of the interplay of local cooling and reduction of the erosion source and the source increase due to the additional particle bombardment. 

· Benchmark of ERO and comparison with experiments in JET simulating the divertor region a few cm away of the strike-point of JET.

· Experiments pre-heatable W/C twin limiter for direct comparison 

· W spectroscopy for W influx with the aid of WF6 injection in TEXTOR and comparison with calculations on a semi CRM.

· Determination of the fuel content in W limiters by . laser desorption spectroscopy
	FZJ
	1.40
	0.00
	0.00

	
	WP10-PWI-05-01-03/FZJ/PS
Multimachine analysis of W erosion/influx with and without impurity seeding (TEXTOR, AUG, MAGNUM) 

· Determination of C and W erosion at limiters in TEXTOR under the impact of seeding impurities (N2, Ar). 

· Study of the interplay of local cooling and reduction of the erosion source and the source increase due to the additional particle bombardment. 

· Benchmark of ERO and comparison with experiments in JET simulating the divertor region a few cm away of the strike-point of JET.

· Experiments pre-heatable W/C twin limiter for direct comparison 

· W spectroscopy for W influx with the aid of WF6 injection in TEXTOR and comparison with calculations on a semi CRM.

· Determination of the fuel content in W limiters by . laser desorption spectroscopy
	FZJ
	0.00
	0.40
	0.00

	
	WP10-PWI-05-02-01/FZJ/BS
· Joint studies on behaviour of W under high heat fluxes (W predamaged W melt layer behaviour) (TEXTOR, Judith, IPP, VR, KIT)

· Exposure of different types of W-limiters to  high heat load and melting conditions in TEXTOR 

· Investigation of  melt layer formation and W-influx  using fast cameras and local spectroscopy. 

· Post-mortem analysis including surface profilometry, SEM investigation, surface composition and fuel inventory analysis. 

· Modelling in collaboration with the ERO and MEMOS group.

· High heat flux experiments using laser pulses on the same limiter structures allowing the examination of ELM-like transient heat loads with respect to melting and melt layer stability, including possible droplet emission.

· Experiments at TEXTOR and ASDEX shifting towards JET with the start-up of the ILW-in 2011 involving /comparing to MAGNUM-PSI and JULE-PSI and the high heat flux facilities JUDITH-1 and JUDITH-2
	FZJ
	1.10
	0.00
	0.00

	
	WP10-PWI-05-02-02/FZJ/PS
· Joint studies on behaviour of W under high heat fluxes (W predamaged W melt layer behaviour) (TEXTOR, Judith, IPP, VR, KIT)

· Exposure of different types of W-limiters to  high heat load and melting conditions in TEXTOR 

· Investigation of  melt layer formation and W-influx  using fast cameras and local spectroscopy. 

· Post-mortem analysis including surface profilometry, SEM investigation, surface composition and fuel inventory analysis. 

· Modelling in collaboration with the ERO and MEMOS group.

· High heat flux experiments using laser pulses on the same limiter structures allowing the examination of ELM-like transient heat loads with respect to melting and melt layer stability, including possible droplet emission.

· Experiments at TEXTOR and ASDEX shifting towards JET with the start-up of the ILW-in 2011 involving /comparing to MAGNUM-PSI and JULE-PSI and the high heat flux facilities JUDITH-1 and JUDITH-2 
	FZJ
	0.00
	0.30
	5.00

	
	WP10-PWI-05-03-01/FZJ/BS
Interpretative PWI modelling

· Update of atomic data for tungsten – especially ionization and emission rate coefficients – in ERO. 

· Modelling of dedicated experiments at TEXTOR (e.g WF6 injection through test limiter). 

· Modelling of W transport in AUG in close co-operation with TEKES
	FZJ
	0.40
	0.00
	0.00

	
	WP10-PWI-05-03-02/FZJ/BS
Interpretative PWI modelling 

· Update of atomic data for tungsten – especially ionization and emission rate coefficients – in ERO. 

· Modelling of dedicated experiments at TEXTOR (e.g WF6 injection through test limiter). 

· Modelling of W transport in AUG in close co-operation with TEKES
	FZJ
	0.20
	0.00
	0.00

	
	WP10-PWI-05-02-01/KIT/BS
Numerical modelling for molten material dynamics and divertor target pre-damage

· Simulations with the 3D code MEMOS will of tungsten molten material dynamics including melt splashing, surface roughness and shaping under multiple transient events such as ITER ELMs and disruptions.

· Upgrade of code to account for W coatings and 3D surface shaping of the FW mock-ups.

· Simulations with the  3D code PEGASUS of  the effects of divertor target pre-damage after ITER ELMs on divertor armour thermo conductivity
	KIT
	0.60
	0.00
	0.00

	
	WP10-PWI-05-02-02/KIT/BS
Validation of KIT numerical modeling against experimental data obtained at experimental facilities in EU, RF and Ukraine

Numerical modelling of surface damages to W-brush and W-bulk targets and Be targets for the ITER simulation experiments at the tokamak TEXTOR and the electron beam test facility (JUDITH) in FZ-Juelich, the tokamak AUG in Garching, and at the plasma guns facilities MK200UG, QSPA-T in Troitsk RF and QSPA Kh-50 in Kharkov, Ukraine will be performed with the three-dimensional codes MEMOS (melt motion and melt splashing) and PEGASUS (brittle destruction), TOKES and FOREV (tokamak plasma and wall surface processes) aiming at validation of these codes for predictive simulations for ITER W and Be PFCs damage and plasma contamination following ITER transients.

· AUG: MEMOS simulation of W-coated divertor and first wall melting 

· TEXTOR: MEMOS simulation of the melting of limiters.

· JUDITH: PEGASUS simulations of W and Be target cracking. 

· QSPA-T: MEMOS simulations of target melting experiments aiming at further developing of different modelling mechanisms for droplet formation.

· MK200UG: FOREV and TOKES simulations of tungsten impurity formation and the dynamics of  propagation 

· QSPA Kh-50: MEMOS and PEGASUS validation against the experimental results of the W surface damage after multiple pulsed heat loads.
	KIT
	0.10
	0.00
	0.00

	
	WP10-PWI-05-02-02/KIT/PS

Validation of KIT numerical modeling against experimental data obtained at experimental facilities in EU, RF and Ukraine

Numerical modelling of surface damages to W-brush and W-bulk targets and Be targets for the ITER simulation experiments at the tokamak TEXTOR and the electron beam test facility (JUDITH) in FZ-Juelich, the tokamak AUG in Garching, and at the plasma guns facilities MK200UG, QSPA-T in Troitsk RF and QSPA Kh-50 in Kharkov, Ukraine will be performed with the three-dimensional codes MEMOS (melt motion and melt splashing) and PEGASUS (brittle destruction), TOKES and FOREV (tokamak plasma and wall surface processes) aiming at validation of these codes for predictive simulations for ITER W and Be PFCs damage and plasma contamination following ITER transients.

· AUG: MEMOS simulation of W-coated divertor and first wall melting 

· TEXTOR: MEMOS simulation of the melting of limiters.

· JUDITH: PEGASUS simulations of W and Be target cracking. 

· QSPA-T: MEMOS simulations of target melting experiments aiming at further developing of different modelling mechanisms for droplet formation.

· MK200UG: FOREV and TOKES simulations of tungsten impurity formation and the dynamics of  propagation 

· QSPA Kh-50: MEMOS and PEGASUS validation against the experimental results of the W surface damage after multiple pulsed heat loads.
	KIT
	0.00
	0.50
	0.00

	
	WP10-PWI-05-04-01/KIT/BS
Numerical modelling for lithium PFC

Supporting numerical modelling with MEMOS for Li PFC evaporation, melt splashing and melt layer stability under the JxB force for the liquid PFC experiments, in particular at the FTU, and their extrapolation to the ITER conditions will be continued.
	KIT
	0.30
	0.00
	0.00

	
	WP10-PWI-05-01-01/IPP/PS
W grades morphology under plasma bombardment

· Growth of nanostructures and blisters generation on W under He and hydrogenic fluxes in collaboration between IPP Garching and WUT Warsaw

- Polycrystalline W, physical vapor deposited W and plasma-sprayed W samples will be irradiated at the IPP laboratory devices Hochstromquelle and PlaQ by deuterium and helium ions. 

- Deterrmination of D inventory and depth profiles

· Investigation of surface morphology changes by high-resolution scanning electron microscopy (HSSEM), focused ion beam cross-sectioning (FIB) and transmission electron microscopy (TEM) at WUT in Warsaw
	IPP
	0.00
	0.20
	0.00

	
	WP10-PWI-05-01-02/IPP/BS
W grades morphology under plasma bombardment

· Growth of nanostructures and blisters generation on W under He and hydrogenic fluxes in collaboration between IPP Garching and WUT Warsaw

- Polycrystalline W, physical vapour deposited W and plasma-sprayed W samples will be irradiated at the IPP laboratory devices Hochstromquelle and PlaQ by deuterium and helium ions. 

- Determination of D inventory and depth profiles

· Investigation of surface morphology changes by high-resolution scanning electron microscopy (HSSEM), focused ion beam cross-sectioning (FIB) and transmission electron microscopy (TEM) at WUT in Warsaw
	IPP
	0.30
	0.00
	0.00

	
	WP10-PWI-05-01-05/IPP/BS
Development of high power plasma scenarios in the full-W device ASDEX Upgrade

· high power plasma scenarios with mixed/optimized seed impurities for divertor protection

· characterisation of W erosion by the seed impurities and W transport for edge conditions with strong radiative losses. 

· identification of the seed impurity mix with the optimum radiative characteristics from the divertor up to the central plasma. 

· ELM control for Ne and Ar seeded discharges by pellet injection and RMP coils 

· measurement of  promptly redeposited fraction of sputtered W in collaboration with FZJ and FOM
	IPP
	1.20
	0.00
	0.00

	
	WP10-PWI-05-01-06/IPP/PS
Development of high power plasma scenarios in the full-W device ASDEX Upgrade

· high power plasma scenarios with mixed/optimized seed impurities for divertor protection

· characterisation of W erosion by the seed impurities and W transport for edge conditions with strong radiative losses. 

· identification of the seed impurity mix with the optimum radiative characteristics from the divertor up to the central plasma. 

· ELM control for Ne and Ar seeded discharges by pellet injection and RMP coils 

· measurement of  promptly redeposited fraction of sputtered W in collaboration with FZJ and FOM
	IPP
	0.00
	0.30
	0.00

	
	WP10-PWI-05-02-01/IPP/BS
Intentional W melt experiment in the divertor of ASDEX Upgrade

Assess melt layer damage, divertor retention of evaporated W, post-damage device operation using divertor melt probe
	IPP
	0.10
	0.00
	0.00

	
	WP10-PWI-05-02-01/IPP/PS
Intentional W melt experiment in the divertor of ASDEX Upgrade

Assess melt layer damage, divertor retention of evaporated W, post-damage device operation using divertor melt probe
	IPP
	0.00
	0.10
	3.00

	
	WP10-PWI-05-03-01/IPP/BS
Edge Monte Carlo 3D - Eirene (EMC3-Eirene) code package for modelling W melt experiment in ASDEX Upgrade 

Detailed comparison of various edge diagnostics (Spectroscopy, IR+visible cameras, Li-beam, ECE, langmuir probes, etc.) to EMC3-Eirene simulations
	IPP
	0.30
	0.00
	0.00

	
	WP10-PWI-05-03-02/IPP/BS
SOLPS solutions for different divertor regimes to track W sputtered from the divertor target plates

Modelling using the newest version of the Juelich EIRENE code to track W sputtered from the divertor target plates using SOLPS solutions for different divertor regimes as background plasmas – not self consistent modelling, code benchmark and validation
	IPP
	0.70
	0.00
	0.00

	
	WP10-PWI-05-01-01/IPPLM/BS
PWI in a full-W device

Irradiation of polycrystalline W, physical vapour deposited W and plasma-sprayed W samples at the IPP laboratory devices Hochstromquelle and PlaQ by deuterium and helium ions. 

Investigation of surface morphology changes, such as formation of nanostructures, blisters or foam-like structures on the irradiated samples by high-resolution scanning electron microscopy (SEM), focused ion beam cross-sectioning (FIB), and transmission electron microscopy (TEM) at WUT in Warsaw
	IPPLM_Poland
	0.25
	0.00
	0.00

	
	WP10-PWI-05-01-01/IPPLM/PS
PWI in a full-W device

Irradiation of polycrystalline W, physical vapour deposited W and plasma-sprayed W samples at the IPP laboratory devices Hochstromquelle and PlaQ by deuterium and helium ions. 

Investigation of surface morphology changes, such as formation of nanostructures, blisters or foam-like structures on the irradiated samples by high-resolution scanning electron microscopy (SEM), focused ion beam cross-sectioning (FIB), and transmission electron microscopy (TEM) at WUT in Warsaw
	IPPLM_Poland
	0.00
	0.30
	0.00

	
	WP10-PWI-05-04-01/IST/BS
Potential of liquid metal PFCs

· Design and construction of sample positioning system to study effect of temperature (including the solid/liquid phase transition) on its hydrogen retention capability and of polarization potential changes 

· IBA as well as atomic and electron microscopy for surface topography and structural studies, FEG-SEM/EDS, TEM/EDS, Auger/XPS 

· Preparation of gallium samples to be exposed on the cryogenically cooled, high magnetic field FTU tokamak where. 

· Measurement of hydrogen retention by TDS and/or further surface analysis at IST
	IST
	0.20
	0.00
	0.00

	
	WP10-PWI-05-04-01/IST/PS
Potential of liquid metal PFCs

· Design and construction of sample positioning system to study effect of temperature (including the solid/liquid phase transition) on its hydrogen retention capability and of polarization potential changes 

· IBA as well as atomic and electron microscopy for surface topography and structural studies, FEG-SEM/EDS, TEM/EDS, Auger/XPS 

· Preparation of gallium samples to be exposed on the cryogenically cooled, high magnetic field FTU tokamak where. 

Measurement of hydrogen retention by TDS and/or further surface analysis at IST
	IST
	0.00
	0.40
	10.00

	
	WP10-PWI-05-02-01/MEdC/BS
X-ray microbeam absorption/fluorescence method as a non-invasive solution for investigation of the erosion of W coatings on graphite/CFC

· Quantitative evaluation of the thickness/uniformity/erosion/deposition of the tungsten coatings on graphite tiles from ASDEX Upgrade and of the tungsten coatings on ITER-like CFC tiles. Marker probes of Al C Ni W will be also measured. 

· Comparison with previous quantitative analysis with EPMA, RBS and NRA. 

· Elaboration of a technical concept for a compact/low cost instrument based on X-ray micro-fluorescence to be used in high productivity coating analysis. 
	MEdC
	0.65
	0.00
	0.00

	
	WP10-PWI-05-02-02/MEdC/PS
X-ray microbeam absorption/fluorescence method as a non-invasive solution for investigation of the erosion of W coatings on graphite/CFC

· Quantitative evaluation of the thickness/uniformity/erosion/deposition of the tungsten coatings on graphite tiles from ASDEX Upgrade and of the tungsten coatings on ITER-like CFC tiles. Marker probes of Al C Ni W will be also measured. 

· Comparison with previous quantitative analysis with EPMA, RBS and NRA. 

· Elaboration of a technical concept for a compact/low cost instrument based on X-ray micro-fluorescence to be used in high productivity coating analysis.
	MEdC
	0.00
	0.35
	0.00

	
	WP10-PWI-05-01-01/MHST/BS
Interaction of excited H2 and D2 molecules with high-Z surfaces

· Studies of interaction of vibrationally excited hydrogen molecules with the PFMs W, Ta and Mo 

· Upgrade of vibrational spectrometer for hydrogen molecules (H2, HD, D2) improving energy and mass selectivity. 

· Study of surface reactions occurring under simultaneous bombardment by different neutral particles (atoms, cold and hot hydrogen molecules, impurity molecules) by IBA methods ERDA and RBS. 

· Detailed investigations of formation and destruction of mixed layers at high-Z metals and possible role of seed impurities, in particular N2
	MHST_Slovenia
	0.50
	0.00
	0.00

	
	WP10-PWI-05-01-02/OEAW/BS
Effects of seed impurities on W erosion and time-dependent studies of D retention in W

· Investigation of the effect of different impurities (Ne, Ar, W) on W erosion using a Quartz Crystal Microbalance (QCM) system. 

· Time dependent studies of D retention in W.  
	OEAW
	1.20
	0.00
	0.00

	
	WP10-PWI-05-04-01/ULV/BS

Spectroscopy of Ga multijet vapour concentration and dynamics in tokamak plasma

The project will be performed by achieving the following milestones: 

· Upgrade of the present plasma spectroscopy equipment at ISTTOK to the time resolved spectroscopy for investigation of Ga vapor concentration dynamics.

· Investigation of vapour concentration distribution in the tokamak polodial plane along with concentration dynamics during the plasma pulse. (Associations IST, AEUL). 

· Design and implementation of time resolved Ga vapour spectroscopy and vapour concentration distribution in adjacent to the liquid Ga- multijet polodial plane of tokamak FTU Frascati

· Test investigations of the capabilities and characteristics of the equipment for both the plasma spectroscopy and the plasma decay kinetics
	Latvia
	1.35
	0.00
	0.00

	
	WP10-PWI-05-04-01/ULV/PS
Spectroscopy of Ga multijet vapor concentration and dynamics in tokamak plasma

The project will be performed by achieving the following milestones: 

· Upgrade of the present plasma spectroscopy equipment at ISTTOK to the time resolved spectroscopy for investigation of Ga vapor concentration dynamics.

· Investigation of vapor concentration distribution in the tokamak polodial plane along with concentration dynamics during the plasma pulse. (Associations IST, AEUL). 

· Design and implementation of time resolved Ga vapour spectroscopy and vapour concentration distribution in adjacent to the liquid Ga- multijet polodial plane of tokamak FTU Frascati

· Test investigations of the capabilities and characteristics of the equipment for both the plasma spectroscopy and the plasma decay kinetics
	Latvia
	0.00
	0.30
	15.00

	
	WP10-PWI-05-04-03/ULV/BS
Investigations on a hydromechanical mock-up of the Ga jet limiter for FTU 

· Upgrade of the existing Ga mock-up in Riga and fulfill a scale 1:1 modelling of the Ga flow conditions inside the FTU vessel. 

· Experiments on the 6T superconducting magnet to check the influence of the strong magnetic field on the features of the jet (length, splashing, etc.)
	Latvia
	1.50
	0.00
	0.00

	
	WP10-PWI-05-04-04/ULV/BS
Developing and delivering of Ga installations for tests on ISTTOK and FTU

Participation in the upgrade of the liquid gallium jet limiter system installed on ISTTOK: 

· Increase of the velocity of the Ga jet from order 2m/s to 5-7 m/s 

· Development of new in vessel structure for FTU 

· fabrication of specific components 

· transfer of the Ga installation to FTU


	Latvia
	1.40
	0.00
	0.00

	
	WP10-PWI-05-04-04/ULV/PS
Developing and delivering of Ga installations for tests on ISTTOK and FTU

Participation in the upgrade of the liquid gallium jet limiter system installed on ISTTOK: 

· Increase of the velocity of the Ga jet from order 2m/s to 5-7 m/s 

· Development of new in vessel structure for FTU 

· fabrication of specific components 

· transfer of the Ga installation to FTU


	Latvia
	0.00
	0.70
	5.00

	
	WP10-PWI-05-01-01/VR/BS
Fuel retention in bulk tungsten exposed in TEXTOR

· Studies of damaged tungsten (test limiters or plates) under high power loads at TEXTOR

· Analysis of fuel content in tungsten exposed to plasmas at TEXTOR.

· Analysis of surface morphology of tungsten: deposition and compound formation (as specified within SEWG on ITER Material Mix.
	VR
	0.05
	0.00
	0.00

	
	WP10-PWI-05-01-01/VR/PS
Fuel retention in bulk tungsten exposed in TEXTOR

· Studies of damaged tungsten (test limiters or plates) under high power loads at TEXTOR

· Analysis of fuel content in tungsten exposed to plasmas at TEXTOR.

· Analysis of surface morphology of tungsten: deposition and compound formation (as specified within SEWG on ITER Material Mix.
	VR
	0.00
	0.05
	5.00

	
	WP10-PWI-05-01-02/VR/BS
Structure of tungsten damaged by high power loads

· Studies of damaged tungsten PFC and probes under high power loads at TEXTOR

· Analysis of fuel content in tungsten exposed to plasmas at TEXTOR.

· Analysis of surface morphology of tungsten: deposition and compound formation.

· Studies of tungsten transport and re-deposition following tungsten fluoride injection experiments.
	VR
	0.15
	0.00
	0.00

	
	Total
	
	18.31
	6.45
	143.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely relate to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF E, TF FT, TF D, TF-S1 and S2
	· Development of scenarios compatible with the JET ILW configuration from the PWI point of view (radiative scenarios, ELM mitigation, control of W accumulation) (TF E + TF-S1 and S2).

· Start-up in an all-metal device without surface conditioning by deposition of coatings.

· Identification of central W spectroscopic lines relevant for JET and ITER. (TF E + TF D)

· Characterisation of W divertor erosion (TF E and FT)

· Hydrogenic retention in W and Be (TF E)

· Benchmarking the codes used for ITER predictions (ERO, DIVIMP, SOLPS…) against first ILW results.


3.4 Publications
· 2010 Work Programme of the EU PWI TF

· 2007, 2008 and 2009 reports of SEWG on High-Z Materials

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. The EURATOM financial contribution will be made after approval by the EFDA Leader of these reports.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-05-00/ENEAFRA/PS
	ENEA_Frascati
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-05-01-01/ENEACNR/PS
	ENEA_CNR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-01/ENEAFRA/PS
	ENEA_Frascati
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-01/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-01/IPPLM/PS
	IPPLM_Poland
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-01/SCKCEN/PS
	Belgium_SCK-CEN
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-02/ENEAFRA/PS
	ENEA_Frascati
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-02/FOMRIJN/PS
	FOM_Rijnhuizen
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-02/SCKCEN/PS
	Belgium_SCK-CEN
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-03/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-01-06/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-02-01/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-02-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-02-02/KIT/PS
	KIT
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-02-02/MEdC/PS
	MEdC
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-03-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-04-01/ENEAFRA/PS
	ENEA_Frascati
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-04-01/IST/PS
	IST
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-04-01/ULV/PS
	Latvia
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-05-04-04/ULV/PS
	Latvia
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 804.698 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 189.540 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· 2010 Work Programme of the EU PWI TF

· 2007, 2008 and 2009 reports of SEWG on High-Z Materials

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	Belgium_SCK-CEN
	WP10-PWI-05-01-01/SCKCEN/PS
	0.70
	145.85
	35.00
	0.00
	0.00
	180.85
	

	
	ENEA_CNR
	WP10-PWI-05-01-01/ENEACNR/PS
	0.35
	29.12
	0.00
	0.00
	0.00
	29.12
	

	
	ENEA_Frascati
	WP10-PWI-05-00/ENEAFRA/PS
	0.25
	36.56
	0.00
	0.00
	0.00
	36.56
	

	
	ENEA_Frascati
	WP10-PWI-05-01-01/ENEAFRA/PS
	0.10
	14.62
	0.00
	0.00
	0.00
	14.62
	

	
	ENEA_Frascati
	WP10-PWI-05-01-02/ENEAFRA/PS
	0.25
	36.19
	10.00
	0.00
	0.00
	46.19
	

	
	ENEA_Frascati
	WP10-PWI-05-04-01/ENEAFRA/PS
	0.50
	67.15
	15.00
	0.00
	0.00
	82.15
	

	
	FOM_Rijnhuizen
	WP10-PWI-05-01-02/FOMRIJN/PS
	0.40
	59.60
	40.00
	0.00
	0.00
	99.60
	

	
	FZJ
	WP10-PWI-05-01-03/FZJ/PS
	0.40
	29.35
	0.00
	0.00
	0.00
	29.35
	

	
	FZJ
	WP10-PWI-05-02-02/FZJ/PS
	0.30
	40.56
	5.00
	0.00
	0.00
	45.56
	

	
	KIT
	WP10-PWI-05-02-02/KIT/PS
	0.50
	52.50
	0.00
	0.00
	0.00
	52.50
	

	
	IPP
	WP10-PWI-05-01-01/IPP/PS
	0.20
	24.00
	0.00
	0.00
	0.00
	24.00
	

	
	IPP
	WP10-PWI-05-01-06/IPP/PS
	0.30
	27.60
	0.00
	0.00
	0.00
	27.60
	

	
	IPP
	WP10-PWI-05-02-01/IPP/PS
	0.10
	12.00
	3.00
	0.00
	0.00
	15.00
	

	
	IPPLM_Poland
	WP10-PWI-05-01-01/IPPLM/PS
	0.30
	9.36
	0.00
	0.00
	0.00
	9.36
	

	
	IST
	WP10-PWI-05-04-01/IST/PS
	0.40
	40.00
	10.00
	0.00
	0.00
	50.00
	

	
	MEdC
	WP10-PWI-05-02-02/MEdC/PS
	0.35
	14.35
	0.00
	0.00
	0.00
	14.35
	

	
	Latvia
	WP10-PWI-05-04-01/ULV/PS
	0.30
	4.83
	15.00
	0.00
	0.00
	19.83
	

	
	Latvia
	WP10-PWI-05-04-04/ULV/PS
	0.70
	11.80
	5.00
	0.00
	0.00
	16.80
	

	
	VR
	WP10-PWI-05-01-01/VR/PS
	0.05
	6.25
	5.00
	0.00
	0.00
	11.25
	

	Total 2010
	
	
	6.45
	661.70
	143.00
	0.00
	0.00
	804.70
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	Belgium_SCK-CEN
	2
	3
	TFmeetings

	
	CEA
	1
	1
	1 week collaborative visit to IPP-Garching

	
	ENEA_CNR
	4
	3
	PWI TF meetings, visits to Enea-Frascati laboratory

	
	ENEA_Frascati
	6
	12
	Annual meeting of SEWG and TF 

	
	FOM_Rijnhuizen
	8
	10
	Experiments on AUG, Experiments on PISCES, SEWG meeting, ITPA mission

	
	FZJ
	6
	11
	Visits to MAGNUM 

Visits to KIT to participate in MEMOS modelling

	
	KIT
	5
	3
	Visits to Garching, Juelich

	
	IPP
	6
	6
	TF meetings

	
	IPPLM_Poland
	3
	3
	Participation in SEWG and annual PWI-TF meetings 

Visit in IPP Garching

	
	IST
	2
	5
	Participation in the FTU experiments

	
	Latvia
	14
	22
	Participation in joint experiments ISTTOK, FTU 

	
	MEdC
	2
	2
	SEWG Annual Meeting 

Visit to IPP Garching

	
	MHST_Slovenia
	1
	1
	SEWG meeting

	
	OEAW
	1
	2
	TF Annual Meeting

	
	VR
	4
	6
	FZJ – experiments, IPPLM - material studies 

SEWG Meeting 

	
	Total
	65
	90
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1. Introduction

Present status:

· Both Be-W alloy formation and carbide formation of Be and W have been investigated in well controlled laboratory experiments and principal mechanisms are understood. However more knowledge is needed on the dynamics of these processes under high impinging flux conditions and transient surface temperature changes. In addition, studies of ternary systems including Be, W and C and/or oxygen, have just started and need more dedicated experiments. 

· Intermixing dynamics under simultaneous impact of Be, C, W and D on surfaces are subjects of ongoing research in plasma simulators and dual ion beam experiments. Be-W and Be-C intermixing is being investigated in the plasma simulator PISCES-B. Simultaneous impact of C and D on W is investigated in a dual ion beam ion facility at IPP Garching. Further experiments are needed in these fields to supply and extend the data base for benchmarking BCA (binary collision approximation) codes such as TRIDYN and molecular dynamics simulations, which are required to extrapolate to ITER conditions. 

· D retention in mixed layers deposited on surfaces of the three ITER PFMs has been investigated for all relevant binary material combinations. However, only few data exist on the influence of layer structure and layer thickness for D-retention in both the layers and the deep bulk regions below. More experiments of this kind are required. 

· For all previously listed issues, the effect of transient temperature excursion, both on the scale of few seconds (loss of plasma control) and on ms scale (ELMs and disruptions) must be investigated. This requires additional experimental and modelling efforts. 

· Plasma material transport codes and surface codes such as TRIDYN and specific kinetic material intermixing codes are available. Benchmarking and further development are under way but require continuous work well beyond the present 2010-2011 work plan. 

2. Objectives

The aim of this Task Agreement is to improve our knowledge on material mixing in ITER relevant environment, in particular :

· Formation and properties of mixed materials 

· Fuel retention in mixed materials 

· Associated modelling 

3. Work Description and Breakdown

3.1 Structure
The Work Programme involves laboratory experiments on the formation of alloys and compound in the interaction of different materials proposed as plasma facing materials in ITER and their behaviour with respect to relevant PSI issues, such as fuel retention or erosion behaviour. It is important to include Be in the analysis which is an essential part of the collaboration EU-DOE in the linear plasma generator PISCES B. Dual beam experiments allow to study simultaneously the formation of mixed materials and the erosion due to hydrogen bombardment.

Work under the present Task Agreement includes three activities:

WP10-PWI-06-01

Formation and properties of mixed materials

· Lab studies on ternary systems: Study of the ternary system Be-C-W in dedicated lab experiments, influence of oxygen on physical and chemical properties of the mixed material (IPP Garching / BESSY Berlin and possibly other laboratories).

· Analysis of tokamaks deposits: Analysis of W-C (with possible inclusion of oxygen) and Be-C (JET TF FT for comparison) deposits collected in tokamaks (AUG, TEXTOR and possibly other devices) for comparison to lab. experiments: composition, fuel retention properties. 

· Influence of thermal excursions: Exposure of mixed material layers on pure substrates to repeated thermal shocks either in tokamak divertors equipped with manipulators (AUG, MAST and possibly other devices) or suitable heat flux test facilities. In-situ and ex-situ analysis of erosion behaviour, fuel retention properties and structural layer damage (flake/dust creation).

· Influence of He and seeded impurities: Exposure of mixed material layers and pure substrates to plasmas with admixtures of He and/or impurities envisaged for seeding either in linear plasma devices (PISCES, Pilot/Magnum, PSI-2 and possibly other devices) or tokamak divertors equipped with manipulators (AUG, MAST and possibly other devices). Analysis of erosion behaviour, evolution of surface morphology and fuel retention properties.

· Continuation of present work in dedicated lab. experiments: effect of the substrate temperature, including the effect of transient temperature excursions; effect of the incoming flux composition.

· Study of reaction kinetics for Be-W and Be-C (for instance Be / W inter-diffusion, Be sublimation from Be / W alloys …)

WP10-PWI-06-02

Fuel retention in mixed materials

Investigation of D retention in mixed materials and of surface vs. bulk retention in systems with mixed layers on pure substrate materials as function of temperature, composition and structure of the mixed material and of incident flux composition. Influence of simultaneous impact of D and He on hydrogen retention in such systems (PISCES under bilateral contract; dual beam facility at IPP Garching, Nat. Inst. f. Laser, Plasma and Radiation Physics, Bucharest and possibly other laboratories).

WP10-PWI-06-03

Modelling of material mixing for extrapolation to ITER conditions 

· Extension of transport codes (B2/EIRENE, DIVIMP, ERO) to simulate wall erosion, material migration and deposition/mixing for devices with several different wall materials. Extension of computational area to wall (in collaboration with the ITM TF). Experimental benchmarking data from PISCES-B, possibly Pilot-PSI and other relevant devices, as well as JET Be/C migration experiments for comparison. 

· Extension of kinetic MC simulation of material mixing to include effects of diffusion (elevated temperature, transients), chemical effects, surface topology (SDTRIM-SP 2D and 3D) and material structure (trapping sites).

· MD modelling of mixed layer erosion processes and D-retention properties.

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-06-01-01/SCKCEN/BS
Calculations and preparation for the use and installation of the plasmatron VISION I for the study of tritium retention (licensing) on beryllium bulk and contaminated materials.

· Preparation of the multiple glove-boxes inside the tritium laboratory 

· Calculation of the needed tritium to run a single experiment. 

· Determination of possible accident scenario's and consequently the possible release rates and methods of tritium gas,.

· Determination of possible routes of dust transport in the VISION I system

· Preparation for the licensing of the VISION I system

· Installation of the plasmatron VISION I inside the T-lab
	Belgium_SCK-CEN
	1.50
	0.00
	0.00

	
	WP10-PWI-06-01-01/CEA/BS
Design and construction of a dedicated reactor (Casimir II) for mixed materials study (C-W)

Design, construction and operation of a dedicated reactor (CASIMIR II) for the study of mixed materials formation in hydrogen plasmas from mixed material targets (C-W-X) and plasma exposure of mixed material dust samples, prepared by mecano-synthesis. 
	CEA
	1.00
	0.00
	0.00

	
	WP10-PWI-06-01-02/CEA/BS
Extension of wall inventory models in SOLPS

Extension of wall inventory models in SOLPS code, including added capabilities within EIRENE to follow wall temperature, deposited layer composition and erosion rates. Work to be done in collaboration with IPP-Garching and FZ-Jlich under joint auspices of the ITM TF 
	CEA
	0.35
	0.00
	0.00

	
	WP10-PWI-06-03-01/CEA/BS
Modelling of mixed layers (Be/W, Be/C) formation, erosion and D-retention

· Development of a quantum approach to model mixed material formation and properties toward erosion and D-retention (collaboration with IPP Garching):

- Deuterium retention in the Be/W alloys

- Formation and reactivity towards D retention of the mixed Be/C materials.

· Development of a KMC extension in collaboration Universite Lille for description of  deuterium trapping and diffusion into mixed materials, including diffusion coefficients, atomic vacancy dynamics..
	CEA
	1.25
	0.00
	0.00

	
	WP10-PWI-06-02-01/CRPP/BS
Fuel retention in mixed tungsten/carbon layers

· Deposition of thin W/C films 

· Investigation of experimental parameters (C/W deposition rates, incident particle energy, substrate temperature , D background gas) 

· Study of D retention in such co-deposited layers as a function of the deposition conditions and film composition. 

· Exposure of layers in Pilot-PSI/MAGNUM-PSI to study the retention as a function of the incident flux composition (D, He). 

· Characterisations of the films by XPS, XRD, SEM, and TDS.
	CRPP
	0.50
	0.00
	0.00

	
	WP10-PWI-06-01-01/ENEACNR/BS
Study of the erosion of codeposited materials (a-C/W:H) by means of the interaction with oxygen and/or hydrogen radio frequency plasmas (also mixture with noble gases)

· Production of co-deposition layers (a-C/W:H layers) by capacitively coupled RF plasma (CCP) devices using methane and a tungsten target. 

· Study of erosion phenomena of co-deposition layers by low temperature laboratory plasmas 

· Investigation of exposure of mixed material layers to oxygen and/or hydrogen plasmas (also mixture with noble gases) from room temperature up to about 700 K. 

· Establishing chemical composition (carbide, hydride formation), morphology and structure of deposited films by means of: XPS, Raman Spectroscopy, X Ray Diffraction, Energy Dispersion Spectroscopy and Scanning electron microscopy. 

· Similar characterization of W-C deposits collected in tokamaks
	ENEA_CNR
	0.66
	0.00
	0.00

	
	WP10-PWI-06-01-01/FOMRIJN/BS
Formation and properties of mixed materials

Influence of He and seeded impurities on the formation and properties of mixed materials in Pilot/Magnum
	FOM_Rijnhuizen
	0.20
	0.00
	0.00

	
	WP10-PWI-06-02-01/FOMRIJN/PS
Fuel retention in mixed materials

Impact of simultaneous D and He exposure of mixed materials on H-retention (Collaboration with university of Basel)
	FOM_Rijnhuizen
	0.00
	0.20
	0.00

	
	WP10-PWI-06-03-01/FOMRIJN/BS
Modelling of material mixing

ERO Benchmarking to Pilot/Magnum data of material mixing. This includes an assessment of proxies for Be (Al etc.)
	FOM_Rijnhuizen
	0.20
	0.00
	0.00

	
	WP10-PWI-06-01-01/FZJ/BS
Formation and properties of mixed materials in the gaps of ITER-like castellated structures 

· Exposures of tungsten castellated samples in TEXTOR and DIII-D. 

· Surface analyses (EPMA, NRA and SIMS) for quantitative investigations of tungsten mixing in carbon, the distribution of tungsten along the depth of mixed deposited layers.

· Studies of layer morphology and tungsten transport in remote areas. 
	FZJ
	0.40
	0.00
	0.00

	
	WP10-PWI-06-01-02/FZJ/PS
Formation and properties of mixed materials in the gaps of ITER-like castellated structures 

· Exposures of tungsten castellated samples in TEXTOR and DIII-D. 

· Surface analyses (EPMA, NRA and SIMS) for quantitative investigations of tungsten mixing in carbon, the distribution of tungsten along the depth of mixed deposited layers.

· Studies of layer morphology and tungsten transport in remote areas.
	FZJ
	0.00
	0.10
	0.00

	
	WP10-PWI-06-02-02/FZJ/BS
Joint analysis of fuel retention in mixed material systems 

Joint experiments TEXTOR tokamak and PSI-2 (FZJ), MAGNUM (FOM) and PISCES (UCSD) linear plasma devices to investigate the fuel retention in the ITER-relevant mixed material systems (carbon-beryllium, tungsten-carbon) vs pure substrate materials under the impact of He
	FZJ
	0.50
	0.00
	0.00

	
	WP10-PWI-06-02-04/FZJ/PS
Joint analysis of fuel retention in mixed material systems 

Joint experiments TEXTOR tokamak and PSI-2 (FZJ), MAGNUM (FOM) and PISCES (UCSD) linear plasma devices to investigate the fuel retention in the ITER-relevant mixed material systems (carbon-beryllium, tungsten-carbon) vs pure substrate materials under the impact of He
	FZJ
	0.00
	0.30
	0.00

	
	WP10-PWI-06-03-01/FZJ/BS
Modelling of material mixing for extrapolation to ITER conditions

· Modelling of Be co-deposition in carbon and resulting mitigation of chemical erosion as observed in PISCES-

· Improvement of surface mixing

· Inclusion of further processes (surface morphology) and results from molecular dynamics simulations (MolDyn simulations carried out by K. Ohya et al., Japan, and K. Nordlund et al., Finland).

· Predictive modelling for ITER
	FZJ
	0.30
	0.00
	0.00

	
	WP10-PWI-06-03-02/FZJ/PS
Modelling of material mixing for extrapolation to ITER conditions

· Modelling of Be co-deposition in carbon and resulting mitigation of chemical erosion as observed in PISCES-

· Improvemnet of surface mixing

· Inclusion of further processes (surface morphology) and results from molecular dynamics simulations (MolDyn simulations carried out by K. Ohya et al., Japan, and K. Nordlund et al., Finland).

· Predictive modelling for ITER
	FZJ
	0.00
	0.20
	0.00

	
	WP10-PWI-06-00/IPP/PS
Leader of the SEWG on ITER material Mix

Task coordinator of task agreement: 

Determination of expected alloys and compounds in ITER relevant conditions and their influence on PWI processes and fuel retention 
	IPP
	0.00
	0.25
	0.00

	
	WP10-PWI-06-01-01/IPP/BS
Multi-component reaction and diffusion processes in ternary systems, based on the ITER material mix

· Application of photoelectron spectroscopy (laboratory XPS) and depth-resolved photoelectron spectroscopy (BESSY synchrotron XPS) to investigate multi-component reaction and diffusion processes in ternary systems, based on the ITER material mix (Be,C,W and = and seeded impurities)

· Investigation of fundamental reaction and diffusion steps in multi-component system
	IPP
	0.10
	0.00
	0.00

	
	WP10-PWI-06-01-01/IPP/PS
Multi-component reaction and diffusion processes in ternary systems, based on the ITER material mix

· Application of photoelectron spectroscopy (laboratory XPS) and depth-resolved photoelectron spectroscopy (BESSY synchrotron XPS) to investigate multi-component reaction and diffusion processes in ternary systems, based on the ITER material mix (Be,C,W and = and seeded impurites)

· Investigation of fundamental reaction and diffusion steps in multi-component system
	IPP
	0.00
	0.10
	0.00

	
	WP10-PWI-06-01-02/IPP/PS
Analysis of tokamaks deposits

· Analysis of W-C (with possible inclusion of oxygen) and Be-C (JET TF FT for comparison) deposits collected in tokamaks (AUG, TEXTOR and possibly other devices) using electron and ion spectroscopy (AES, XPS, SIMS, RBS, NRA, TDS) for comparison to lab. experiments: composition, fuel retention properties

· Depth profiles of all elements will be obtained by SIMS measurements performed at VTT in Helsinki
	IPP
	0.00
	0.10
	0.00

	
	WP10-PWI-06-01-04/IPP/BS
Chemical phases and the inventory of nitrogen implanted in pure and oxidised beryllium

· Investigation of the formation of chemical phases and the inventory of nitrogen implanted in pure beryllium and beryllium samples with oxidic, carbidic overlayers under various exposure temperatures. 

· Application of XPS in high resolution mode to characterize the formed chemical compounds, NRA to quantify possible deep nitrogen inventories.
	IPP
	0.05
	0.00
	0.00

	
	WP10-PWI-06-01-04/IPP/PS
Chemical phases and the inventory of nitrogen implanted in pure and oxidised beryllium

· Investigation of the formation of chemical phases and the inventory of nitrogen implanted in pure beryllium and beryllium samples with oxidic, carbidic overlayers under various exposure temperatures. 

· Application of XPS in high resolution mode to characterize the formed chemical compounds, NRA to quantify possible deep nitrogen inventories.
	IPP
	0.00
	0.15
	0.00

	
	WP10-PWI-06-01-05/IPP/BS
Formation and properties of mixed materials involving Be

· Preparation of well-defined layer systems and compound mixed surfaces, dedicated experiments to extract activation energies for chemical reactions and diffusive processes. Investigation of formation of possible diffusion barriers.

· Extension of the investigation of fundamental reaction properties in binary systems to the systems N-Be and N-W for which there is a strong need of data due to very limited information available in the literature. 
	IPP
	0.35
	0.00
	0.00

	
	WP10-PWI-06-01-06/IPP/PS
Formation and properties of mixed materials involving Be

· Exposure of elemental and compound surfaces (Be, C/Be, BeO/Be, Be2C/Be) to molecular ions and ionic molecular species (C, CO) under various temperature conditions. 

· Analysis of the chemical phases, deposition and erosion of surface layers. 

· Analysis of the surface layers by XPS and ion beam techniques, analysis of inventories of volatile species by TDS.
	IPP
	0.00
	0.15
	25.00

	
	WP10-PWI-06-01-07/IPP/BS
Analysis of tokamak deposits

· Analysis of W-C (with possible inclusion of oxygen) and Be-C (JET TF FT for comparison) deposits collected in tokamaks (AUG, TEXTOR and possibly other devices) using electron and ion spectroscopy (AES, XPS, SIMS, RBS, NRA, TDS) for comparison to lab. experiments: composition, fuel retention properties

· Depth profiles of all elements will be obtained by SIMS measurements performed at VTT in Helsinki.
	IPP
	0.20
	0.00
	0.00

	
	WP10-PWI-06-02-02/IPP/BS
Fuel retention in mixed materials involving Be

Preparation of layered multi-component systems with different layer thickness and subsequent implantation of deuterium and helium/deuterium to investigate the retention and release properties (both qualitative and quantitative descriptions). 
	IPP
	0.45
	0.00
	0.00

	
	WP10-PWI-06-02-03/IPP/PS
Fuel retention in mixed materials involving Be

· Comparison of fuel retention in pure Be to BeO and BeO layers on Be, Be2C and Be2C layers on Be (layer thickness smaller or larger than ion range). 

· Analysis of the retention mechanisms with TDS and NRS, comparison of kinetic data on retention with ab initio simulations (collaboration with Allouche group at Univ. de Provence, Marseille).

Investigation of the fuel retention properties of self-passivating W alloys (produced both at IPP and CIEMAT/CEIT).
	IPP
	0.00
	0.15
	0.00

	
	WP10-PWI-06-03-01/IPP/BS
Extension of kinetic MC simulation of material mixing 

· Extension of kinetic MC simulation of material mixing to include effects of diffusion (elevated temperature, transients), chemical effects, surface topology (SDTRIM-SP 2D and 3D) and material structure (trapping sites). 

· MD modelling of mixed layer erosion processes and D-retention properties.
	IPP
	0.50
	0.00
	0.00

	
	WP10-PWI-06-03-03/IPP/BS
MD simulations of W/C/H interactions 

Investigations of the combined effects of chemical and physical interactions on hydrogen isotope retention and time-dependent surface composition in the W/C/H-system under ITER divertor relevant conditions using molecular dynamic simulations.
	IPP
	0.40
	0.00
	0.00

	
	WP10-PWI-06-01-01/MEdC/BS
TVA gun electron beam irradiation influence on mixed films prepared using TVA method

· Investigations on the  formation and the properties of mixed Be/C, Be/W, C/W films containing oxygen prepared using thermionic vacuum arc (TVA) and the influence of the TVA electron gun irradiation:

· Production of Be coatings  and Be/W and Be/C multi layers on different substrates

· Production of W and C coatings on Be substrates.

· Thermal treatment of the above prepared samples in vacuum (500 – 1000oC) using thermionic vacuum arc electron gun.

· XPS and RBS analyses of the as deposited and thermally treated samples

· NRA analysis with the support of IPP Garching

· SIMS analyses with the support of TEKES 

· LIBS analyses with the support of CEA Saclay, DEN/DPC/SCP
	MEdC
	0.60
	0.00
	0.00

	
	WP10-PWI-06-01-02/MEdC/PS
TVA gun electron beam irradiation influence on mixed films prepared using TVA method

· Investigations on the  formation and the properties of mixed Be/C, Be/W, C/W films containing oxygen prepared using thermionic vacuum arc (TVA) and the influence of the TVA electron gun irradiation:

· Production of Be coatings  and Be/W and Be/C multilayers on different substrates

· Production of W and C coatings on Be substrates.

· Thermal treatment of the above prepared samples in vacuum (500 – 1000oC) using thermionic vacuum arc electron gun.

· XPS and RBS analyses of the as deposited and thermally treated samples

· NRA analysis with the support of IPP Garching

· SIMS analyses with the support of TEKES 

· LIBS analyses with the support of CEA Saclay, DEN/DPC/SCP 
	MEdC
	0.00
	0.30
	0.00

	
	WP10-PWI-06-02-01/MEdC/BS
D-retention in mixed materials containing H, D and He

· Study of the ternary system Be-C-W in dedicated laboratory experiments, influence of oxygen on physical and chemical properties of the mixed material

· Investigation of D retention in bulk materials versus systems with mixed layers on pure substrate materials as function of temperature, composition and structure of the mixed material and of incident flux composition. Influence of impact of D and He on hydrogen retention in such systems.

· Production of Be-C-W mixed layers with different relative concentrations

· Production of of Be-C-W mixed layers in H/D  rich residual gas atmosphere.

· Production of Be-C-W mixed layers in He rich residual gas atmosphere.

· XPS and RBS analyses of the as deposited and thermally treated samples

· NRA analysis with the support of IPP Garching

· SIMS analyses with the support of TEKES 

· LIBS analyses with the support of CEA Saclay, DEN/DPC/SCP
	MEdC
	0.60
	0.00
	0.00

	
	WP10-PWI-06-02-02/MEdC/PS
D-retention in mixed materials containing H, D and He

· Study of the ternary system Be-C-W in dedicated laboratory experiments, influence of oxygen on physical and chemical properties of the mixed material

· Investigation of D retention in bulk materials versus systems with mixed layers on pure substrate materials as function of temperature, composition and structure of the mixed material and of incident flux composition. Influence of impact of D and He on hydrogen retention in such systems.

· Production of Be-C-W mixed layers with different relative concentrations

· Production of of Be-C-W mixed layers in H/D  rich residual gas atmosphere.

· Production of Be-C-W mixed layers in He rich residual gas atmosphere.

· XPS and RBS analyses of the as deposited and thermally treated samples

· NRA analysis with the support of IPP Garching

· SIMS analyses with the support of TEKES 

· LIBS analyses with the support of CEA Saclay, DEN/DPC/SCP
	MEdC
	0.00
	0.30
	15.00

	
	WP10-PWI-06-01-01/OEAW/BS
Formation and properties of mixed materials: reflection and reemission of hydrocarbons

Dedicated lab experiments on reflection and reemission of excited hydrocarbon molecules, including effects of subtrate temperature and transient temperature excursions.
	OEAW
	1.50
	0.00
	0.00

	
	WP10-PWI-06-03-01/OEAW/BS
Modelling of material mixing for extrapolation to ITER conditions 

MD modelling of mixed layer erosion; reaction kinetics
	OEAW
	0.40
	0.00
	0.00

	
	WP10-PWI-06-01-01/TEKES/BS
Characterisation of mixed films deposited by TVA technique

Investigations on the  formation and the properties of mixed Be/C, Be/W, C/W films containing oxygen prepared at MedC by SIMS analyses
	TEKES
	0.10
	0.00
	0.00

	
	WP10-PWI-06-03-01/TEKES/BS
Simulating chemical sputtering of Be and the mixed materials Be2C and WC

· Study of low-energy sputtering of Be, W, Be2C and WC due to D plasma exposure using molecular dynamics simulations. with the recently developed interatomic potentials 

· Results compared to experiments at PISCES-B, IPP and elsewhere.

· Implementation of results into the ERO code. 

· Comparison to the homogeneous material mixing model and SDTrimSP in collaboration with FZJ.
	TEKES
	1.10
	0.00
	0.00

	
	WP10-PWI-06-03-02/TEKES/PS
Modelling of material mixing for extrapolation to ITER conditions

· Implementation of sputtering and reflection data (D on Be, D on Be2C, Be on Be, C on Be) into the ERO code. Modifications of the surface model of ERO. 

· Comparison to the homogeneous material mixing model and SDTrimSP in collaboration with FZJ.
	TEKES
	0.00
	0.10
	0.00

	
	WP10-PWI-06-01-01/VR/PS
Formation and composition of mixed materials on PFC, fuel retention.

· Analysis of surface morphology of PFC from TEXTOR, possibly also Tore Supra 

· Assessment of nitrides formation: analysis of components after N injection

· Analysis of surface morphology of targets exposed in PISCES 

· Analysis of material mixing and compound formation (e.g. W-C-O) on high-Z metals exposed in TEXTOR.

· Joint activity with TEXTOR, IPPLM and possibly Slovenia.
	VR
	0.00
	0.10
	5.00

	
	WP10-PWI-06-01-02/VR/BS
Formation and properties of mixed materials

· Analysis of surface morphology of PFC from TEXTOR 

· Search for nitrides formation: analysis of components after N injection

· Analysis of material mixing and compound formation (e.g. W-C-O) on high-Z metals exposed in TEXTOR.

· Material mixing as a result of laser light impact during PFC cleaning.
	VR
	0.15
	0.00
	0.00

	
	Total
	
	13.36
	2.50
	45.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely relate to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF FT
	· Post mortem analysis on composition, fuel retention and chemical characterisation of Be-C deposits (TF FT)


3.4 Publications
· 2010 Work Programme of the EU PWI TF

· 2007, 2008and 2009 reports of SEWG on ITER Material Mix 

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. 

The EURATOM financial contribution will be made after approval by the EFDA Leader of these reports.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-06-00/IPP/PS
	IPP
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-06-01-01/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-01/SCKCEN/PS
	Belgium_SCK-CEN
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-01/VR/PS
	VR
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-02/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-02/MEdC/PS
	MEdC
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-04/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-01-06/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-02-01/FOMRIJN/PS
	FOM_Rijnhuizen
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-02-02/MEdC/PS
	MEdC
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-02-03/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-02-04/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-02-xx-01/IPP
	IPP
	
	

	WP10-PWI-06-03-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-06-03-02/TEKES/PS
	TEKES
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 286.620 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 66.324 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· 2010 Work Programme of the EU PWI TF

· 2007, 2008and 2009 reports of SEWG on ITER Material Mix 

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	FOM_Rijnhuizen
	WP10-PWI-06-02-01/FOMRIJN/PS
	0.20
	29.80
	0.00
	0.00
	0.00
	29.80
	

	
	FZJ
	WP10-PWI-06-01-02/FZJ/PS
	0.10
	13.52
	0.00
	0.00
	0.00
	13.52
	

	
	FZJ
	WP10-PWI-06-02-04/FZJ/PS
	0.30
	40.56
	0.00
	0.00
	0.00
	40.56
	

	
	FZJ
	WP10-PWI-06-03-02/FZJ/PS
	0.20
	27.04
	0.00
	0.00
	0.00
	27.04
	

	
	IPP
	WP10-PWI-06-00/IPP/PS
	0.25
	30.00
	0.00
	0.00
	0.00
	30.00
	

	
	IPP
	WP10-PWI-06-01-01/IPP/PS
	0.10
	9.00
	0.00
	0.00
	0.00
	9.00
	

	
	IPP
	WP10-PWI-06-01-02/IPP/PS
	0.10
	12.00
	0.00
	0.00
	0.00
	12.00
	

	
	IPP
	WP10-PWI-06-01-04/IPP/PS
	0.15
	13.50
	0.00
	0.00
	0.00
	13.50
	

	
	IPP
	WP10-PWI-06-01-06/IPP/PS
	0.15
	13.50
	25.00
	0.00
	0.00
	38.50
	

	
	IPP
	WP10-PWI-06-02-03/IPP/PS
	0.15
	13.50
	0.00
	0.00
	0.00
	13.50
	

	
	MEdC
	WP10-PWI-06-01-02/MEdC/PS
	0.30
	5.85
	0.00
	0.00
	0.00
	5.85
	

	
	MEdC
	WP10-PWI-06-02-02/MEdC/PS
	0.30
	5.85
	15.00
	0.00
	0.00
	20.85
	

	
	TEKES
	WP10-PWI-06-03-02/TEKES/PS
	0.10
	15.00
	0.00
	0.00
	0.00
	15.00
	

	
	VR
	WP10-PWI-06-01-01/VR/PS
	0.10
	12.50
	5.00
	0.00
	0.00
	17.50
	

	Total 2010
	
	
	2.50
	241.62
	45.00
	0.00
	0.00
	286.62
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	Belgium_SCK-CEN
	1
	2
	SEWG meeting

	
	CEA
	6
	6
	Collaborative visit to IPP-Garching  and FZJ ; Attendance of annual PWI TF meeting

	
	CRPP
	2
	2
	Plasma exposure of samples - FOM 

	
	ENEA_CNR
	1
	2
	TF meetings

	
	FOM_Rijnhuizen
	4
	4
	Sample preparation and analysis in Basel 

Modelling with ERO in FZJ

	
	FZJ
	2
	6
	ITPA DSOL

	
	IPP
	7
	7
	SEWG Mixed Materials 

General EU PWI TF meeting

	
	MEdC
	6
	20
	Joint analyses at IPP Garching 

SIMS Analyses, TEKES 

LIBS Analyses, CEA Sarclay 

	
	OEAW
	8
	10
	Bratislava cooperation 

IPP Garching cooperation

	
	TEKES
	1
	5
	Study of mixed layers - MEdC

	
	VR
	5
	6
	FZJ – experiment, IPPLM - material analysis, Slovenia - material analysis 

SEWG Meeting 

	
	Total
	43
	70
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1. Introduction

Several methods are studied presently to mitigate transient loads during disruptions: massive gas injection, pellet injection, RMP (runaway suppression) and disruption avoidance by ECRH. Scaling to ITER requires, however, more insight into the relevant physics mechanisms. The main focus here should be on

· Temporal and spatial distribution of heat loads on the main chamber PFCs and in the divertor during mitigated disruptions in comparison to non-mitigated disruptions. 

· Heat load by runaway electrons. A quantification of these loads is mandatory for further load estimates for ITER. This comprises the incident angle, runaway energy and affected area. 

· Heat load by radiation. Radiation is very inhomogeneous during a disruption and can lead to strong local heating of PFCs. This is especially an issue for massive gas injection.

Presently, three methods are proposed to mitigate ELM loads in ITER: perturbation fields, pellet pace-making, radiative scenarios (type-III ELMs). Quantification of the heat loads in these scenarios has started, but the database is less advanced than the one for the reference type-I ELMy H-mode scenario. Moreover, the analysis of the heat load pattern can contribute to the understanding of the mitigation process by RMP (resonant magnetic perturbation). The ELM dynamics (filaments) determines the energy distribution on main chamber wall and divertor PFCs. Extrapolation to ITER would need a more quantitative analysis of this correlation. 

In addition to transient pulses due to ELMs, steady heat loads will impinge on the main chamber wall surfaces as a consequence of far scrape-off layer (SOL) tails in density and temperature driven by turbulent convective transport. This has consequences for the design of the main chamber PFCs in ITER.

The ITER divertor must operate in a partially detached state in order to stay within the steady state power handling capability of the target plates. The possibility of transient reattachment presents a potentially extremely serious threat to target plate integrity.

2. Objectives

· Assessment of heat and particle fluxes during disruptions. Characterisation of heat load distribution for ITER relevant disruption types.

· Optimisation of disruption mitigation techniques

· Assessment of heat fluxes during ELMs

· Assessment of inter ELMs heat fluxes

· Investigations on transient reattachment.

3. Work Description and Breakdown

3.1 Structure
The workprogramme involves: 

· experiments on disrutpions and ELMs in the various regimes of interest for ITER in various tokamaks with emphasis on the acquisition of the highest quality measurements possible, 

· the performance experiments in plasma conditions which are comparable and relevant to ITER reference plasmas, allowing an improved extrapolation of the experimental results to ITER, 

· the comparison of the measurements obtained with the available models for disruption power fluxes and evaluation of such fluxes and consequences for the plasma discharge in ITER,

· the optimisation of mitigation techniques with relevant plasma conditions and criteria applicable to ITER.

The work programme is coordinated by the SEWG on Transient heat loads and mitigation which:

· Sets up the experimental work programme, including the request for machine time in the different fusion devices for coordinated experiments

· Supports the organisation of modelling collaborations 

· Organises SEWG meetings for collection of data, interpretation and extrapolation of results.

· Summarizes the collected data in a final report

· Work under the present Task Agreement includes four activities:

WP10-PWI-07-01

Assessment of heat and particle fluxes during disruptions

Measurements of power and particle fluxes on divertor, limiter and other main chamber PFCs (including runaway fluxes) for disruption types expected in ITER and for mitigated disruptions (AUG, TS, MAST, TCV, TEXTOR, FTU, ISTTOK and C-mod/DIII-D through suitable international collaborations, comparison to JET). Particularly, this should include data about heat flux asymmetries caused by convective flux and radiation, heat deposition by runaway electrons and heat loads in mitigated disruptions

WP10-PWI-07-02

Optimisation of disruption mitigation techniques

· Optimisation of massive gas injection (MGI) and other techniques for disruption mitigation and runaway suppression. For MGI, the main focus will be on gas injection rates, valve position and number of valves, and gas composition. Evaluation of size scaling and requirements for ITER

· Development of the associated modelling (gas jet penetration, radiation etc …).

WP10-PWI-07-03

Assessment of heat fluxes during ELMs

Characterisation/quantification of plasma parameters and heat loads on divertor and main chamber PFCs in mitigated/suppressed ELM scenarios (RMP, radiative scenarios with type III ELMs, pellet pacemaking), including ELM dynamics in comparison to non-mitigated ELMs. (AUG, MAST, TCV, TEXTOR and possibly other EU devices, and DIII-D through suitable international collaborations, comparison to JET).

WP10-PWI-07-04

Assessment of inter ELMs heat fluxes

Characterisation/quantification of plasma parameters and inter-ELM heat loads on PFCs, with emphasis on the main chamber wall, including state of the art knowledge on far-SOL transport to PFCs and fast particles impact. 

Studies of heat loads on divertor and other PFCs during loss of detachment/re-attachment events

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-07-01-01/CEA/PS
Measurements of heat flux during disruptions in Tore Supra using fast IR cameras from AUG. 

· Installation of one of the IR fast cameras of ASDEX Upgrade into Tore Supra. 

· Calibration of the fast camera and the acquisition chain in Tore Supra environment.

· Dedicated experiments to measure the surface temperature during unmitigated and mitigated disruptions (using MGI). 

· Analysis of the data to estimate the heat flux on the TPL from the surface temperature, the SOL broadening during the disruption and the impact of the mitigation with MGI.
	CEA
	0.00
	0.50
	10.00

	
	WP10-PWI-07-01-02/CEA/BS
Measurements of heat loads during disruptions in Tore Supra

· Perform dedicated experiments to measure the surface temperature during unmitigated and mitigated disruptions. 

· Analysis of the data to estimate the heat flux on the TPL from the surface temperature, the SOL broadening during the disruption.
	CEA
	0.20
	0.00
	0.00

	
	WP10-PWI-07-02-01/CEA/BS
· Optimisation of massive gas injection for disruption mitigation, in particular for runaway electron control and suppression

· Studies of the penetration of the gas jet.

· Perform experiments to study the control and suppression of runaway electron beams.
	CEA
	0.80
	0.00
	0.00

	
	WP10-PWI-07-04-01/CEA/BS
Investigation of SOL transport and turbulence

· Investigate the SOL transport and turbulence using the large set of Langmuir probes available in Tore Supra (RFA, Tunnel, Mach, fluctuations etc)

· Analyse the detached plasmas and  fast particles generated by RF heating.
	CEA
	0.40
	0.00
	0.00

	
	WP10-PWI-07-01-01/CCFE/BS
Assessment of heat and particle fluxes during disruptions

· Measurements of the power fluxes to the divertor in MAST using IR cameras in a wide range of disruptions 

· Comparison of the 3D heat load structures to those measured in mitigated disruptions using the newly installed mass gas injection system. 
	CCFE
	0.30
	0.00
	0.00

	
	WP10-PWI-07-02-01/CCFE/BS
Optimisation of disruption mitigation techniques

· Perform disruption mitigation experiments on MAST using the newly installed disruption mitigation valve.

· Investigate disruptions using a wide range of diagnostics, including wide angle filtered visible imaging, infrared and soft x-ray diagnostics. 
	CCFE
	0.30
	0.00
	0.00

	
	WP10-PWI-07-03-01/CCFE/BS
Assessment of heat fluxes during ELMs

Study the heat flux to the divertors in MAST, including in/out or up/down divertor asymmetries during ELMs and compare to those observed during the application of resonant magnetic perturbations from the MAST ELM coil system. 
	CCFE
	0.30
	0.00
	0.00

	
	WP10-PWI-07-03-01/FOMRIJN/BS
Assessment of heat fluxes during ELMs: 
· Comparison of transient heat loads produced in PILOT and on AUG with and without impurities and 

· Comparison to JET with emphasis on nitrogen seeded discharges
	FOM_Rijnhuizen
	0.10
	0.00
	0.00

	
	WP10-PWI-07-03-01/FOMRIJN/PS 

Assessment of heat fluxes during ELMs: 
· Comparison of transient heat loads produced in PILOT and on AUG with and without impurities and 

· Comparison to JET with emphasis on nitrogen seeded discharges
	FOM_Rijnhuizen
	0.00
	0.30
	30.00

	
	WP10-PWI-07-00/FZJ/PS
Leadership of SEWG on Transient Heat Loads and Mitigation

Task coordinator of the task agreement:

Mitigation of disruptions and investigation of ELM and inter-ELM heat loads
	FZJ
	0.00
	0.25
	0.00

	
	WP10-PWI-07-01-01/FZJ/BS
Assessment of heat and particle fluxes during disruptions

· Heat load assessment during limiter disruptions in TEXTOR. 

· Studies of heat loads generated by runaway electrons using a material probe. 
	FZJ
	0.15
	0.00
	0.00

	
	WP10-PWI-07-02-02/FZJ/PS
Optimisation of disruption mitigation techniques

· Participation in the MAST DMV experiments. 

· Perform analysis of  the disruption characteristics like for example the mixing efficiency with techniques developed at TEXTOR and JET. 
	FZJ
	0.00
	0.25
	0.00

	
	WP10-PWI-07-02-03/FZJ/BS
Optimisation of disruption mitigation techniques

· Studies of the possibility to suppress runaway electrons generated in disruptions by externally applied magnetic perturbations (RMP). 

· Investigate the possibility to control the position of the runaway beam and to apply RMP at the time the beam is stabilised. 

· Exploitation of a new DMV system at TEXTOR. 
	FZJ
	0.25
	0.00
	0.00

	
	WP10-PWI-07-02-04/FZJ/BS
Optimisation of disruption mitigation techniques

Development of a next generation valve for disruption mitigation experiments allowing for a fast gas delivery and a high fuelling efficiency.
	FZJ
	0.10
	0.00
	0.00

	
	WP10-PWI-07-02-04/FZJ/PS
Optimisation of disruption mitigation techniques

Development of a next generation valve for disruption mitigation experiments allowing for a fast gas delivery and a high fuelling efficiency.
	FZJ
	0.00
	0.20
	20.00

	
	WP10-PWI-07-03-01/FZJ/BS
Assessment of heat fluxes during ELMs

· Perform measurements of the edge magnetic topology in DED discharges on TEXTOR using fast magnetic probes. 

· Perform measurements of the radial profiles of the plasma rotation by reflectometry. 

· Compared measurements to non-linear MHD modelling (ATTEMPT), magnetic perturbation spectrum code (MAPS), 3D equilibrium code HINT2. 

· Apply the EMC3 code for calculation of particle and heat fluxes. 
	FZJ
	0.50
	0.00
	0.00

	
	WP10-PWI-07-03-02/FZJ/BS
Assessment of heat fluxes during ELMs

· Develop a hybrid directional probe to be able to assess the contribution of fast ions to the heat loads during ELMs. 

· Perform the set-up of the corresponding diagnostic at TEXTOR and first tests. 
	FZJ
	0.15
	0.00
	0.00

	
	WP10-PWI-07-03-02/FZJ/PS 

Assessment of heat fluxes during ELMs

· Develop a hybrid directional probe to be able to assess the contribution of fast ions to the heat loads during ELMs. 

· Perform the set-up of the corresponding diagnostic at TEXTOR and first tests.
	FZJ
	0.00
	0.10
	10.00

	
	WP10-PWI-07-03-03/FZJ/BS

Assessment of the potential optimization of divertor and first wall heat and particle fluxes by a 3D perturbed topology

· Benchmark a code package consisting of the 3D Monte-Carlo fluid code EMC3-Eirene code and the Monte-Carlo code ERO. This includes:

- Estimation of erosion in the 3D boundary by running ERO on EMC3-Eirene background plasma obtained for RMP experiments on TEXTOR and DIII-D.

- ERO coupling to EMC3-Eirene with 3D RMP boundary 

- Project oversight and experimental data analysis
	FZJ
	0.80
	0.00
	0.00

	
	WP10-PWI-07-03-03/FZJ/PS
Assessment of the potential optimization of divertor and first wall heat and particle fluxes by a 3D perturbed topology

· Benchmark a code package consisting of the 3D Monte-Carlo fluid code EMC3-Eirene code and the Monte-Carlo code ERO. This includes:

- Estimation of erosion in the 3D boundary by running ERO on EMC3-Eirene background plasma obtained for RMP experiments on TEXTOR and DIII-D.

- ERO coupling to EMC3-Eirene with 3D RMP boundary 

- Project oversight and experimental data analysis
	FZJ
	0.00
	0.20
	0.00

	
	WP10-PWI-07-03-04/FZJ/BS
Assessment of the potential optimization of divertor and first wall heat and particle fluxes by a 3D perturbed topology

· Establishing a database of heat and particle flux data  in TEXTOR high field side limited plasmas

· Establishing a database of heat and particle flux data  in DIII-D Divertor H-modes with ELM suppression

· Study topology optimization with EMC3-Eirene validated against the previously assessed data 
	FZJ
	1.50
	0.00
	0.00

	
	WP10-PWI-07-03-05/FZJ/BS
Assessment of heat fluxes during ELMs

· Evaluate and quantify the performance of plasma facing materials in future magnetic confinement experiments under intense transient thermal loads (ELMs and disruptions) with the use of electron beam test devices JUDITH 1 and 2.

· Perform repeated thermal loads on tungsten and carbon based plasma facing materials with high repetition rates to quantify the effect of progressive crack growth under these conditions. 

· Investigate synergistic effects (i.e. the interaction of thermal shock and thermal fatigue loads).
	FZJ
	0.75
	0.00
	0.00

	
	WP10-PWI-07-02-01/IPP/BS
Optimisation and modelling of disruption mitigation techniques

· Optimisation of mitigative valve 

· Comparison of different gas mixes 

· B2-Eirene Modelling of gas penetration
	IPP
	1.00
	0.00
	0.00

	
	WP10-PWI-07-02-02/IPP/PS
Optimisation of disruption mitigation techniques

· Optimisation of massive gas injection (MGI) and other techniques for disruption mitigation and runaway suppression.

· Coordinated experiments with massive gas injection in TEXTOR

· Development of the associated modelling (gas jet penetration, radiation). Evaluation of size scaling and requirements for ITER
	IPP
	0.00
	0.30
	0.00

	
	WP10-PWI-07-03-01/IPP/BS
Heat load to in-vessel components for different ELM scenarios in ASDEX Upgrade

· Determine divertor heat load profiles for the different discharge scenarios.

· Perform  analyses of the energy and power balance for selected discharges.

· Study the heat load and ion energy to low field side limiters for dedicated discharges. 

· Compare ion energies IN AUG with  Tore Supra discharge conditions. 
	IPP
	0.25
	0.00
	0.00

	
	WP10-PWI-07-03-01/IPP/PS
Heat load to in-vessel components for different ELM scenarios in ASDEX Upgrade

· Determine divertor heat load profiles for the different discharge scenarios.

· Perform analyses of the energy and power balance for selected discharges.

· Study the heat load and ion energy to low field side limiters for dedicated discharges. 

· Compare ion energies IN AUG with  Tore Supra discharge conditions.
	IPP
	0.00
	0.25
	0.00

	
	WP10-PWI-07-04-01/IPP/BS
Assessment of inter ELMs heat fluxes

Estimate the heat load caused by fast-ion losses on the AUG first wall using the ASCOT Monte Carlo code: The work consists of:

· Implementation of the AUG 3D wall in the ASCOT code

· Benchmark of the ASCOT code using FILD measurements of NBI prompt losses in inter ELM quiescent plasmas

· Estimation of the heat load on the AUG first wall caused by fast-ions due to 

- Prompt NBI fast-ion losses in inter ELM quiescent plasmas 

- Prompt NBI fast-ion losses during ELMs 

· Studies of the anomalous transport induced by turbulence and MHD instabilities
	IPP
	0.35
	0.00
	0.00

	
	WP10-PWI-07-04-02/IPP/PS
Assessment of inter ELMs heat fluxes

Estimate the heat load caused by fast-ion losses on the AUG first wall using the ASCOT Monte Carlo code: The work consists of:

· Implementation of the AUG 3D wall in the ASCOT code

· Benchmark of the ASCOT code using FILD measurements of NBI prompt losses in inter ELM quiescent plasmas

· Estimation of the heat load on the AUG first wall caused by fast-ions due to 

- Prompt NBI fast-ion losses in inter ELM quiescent plasmas 

- Prompt NBI fast-ion losses during ELMs 

· Studies of the anomalous transport induced by turbulence and MHD instabilities
	IPP
	0.00
	0.40
	0.00

	
	WP10-PWI-07-01-01/IST/BS
Assessment of heat and particle fluxes during disruptions

· Analysis of the existing experimental data on disruption from AUG, TS, TEXTOR in order to characterize the fluxes of runaway electrons

· Determination of runaway electron parameters for disruption types expected in ITER and for mitigated disruptions. 

· Study of possible heat flux asymmetries caused by convective flux and radiation, heat deposition by runaway electrons and heat loads in mitigated disruptions. 

· Analysis of fast particles parameters registered at stationary conditions of plasma discharges in tokamaks. 

· Preparation and accomplishment of a new series of experiments onAUG, TS, TEXTOR. 
	IST
	0.20
	0.00
	0.00

	
	WP10-PWI-07-02-02/IST/BS
Optimisation of disruption mitigation techniques
· Preparation and participation in experiments on optimization of massive gas injection (MGI) and other techniques for disruption mitigation and runaway suppression in tokamaks. 

· Experimental data analysis and modelling of possible runaway process in MGI experiments, taking into account gas injection rates and gas composition. 

· Optimization of valve position and number of valves and evaluation of size scaling and requirements for ITER.
	IST
	0.20
	0.00
	0.00

	
	WP10-PWI-07-02-01/KIT/BS
Numerical modelling of ITER runaway energy deposition and MGI optimization simulations

· Perform simulations of runaway energy deposition into ITER PFCs during disruption with the  Monte-Carlo Energy Deposition Code ENDIP 

· Analyse with the code MEMOS PFC melting due to the runaways energy deposition. 

· Validate the MEMOS and the ENDIP codes against AUG full-W results in terms of W erosion under plasma and runaway heat loads.

· Perform MGI optimization for ITER with TOKES codes: taking into account:

- the effect of hot plasma and radiation impacts on the divertor and main chamber PFCs during MGI

- the effect of gas composition, gas injection rates, valve number and positions. 

- Perform evaluation of gas jet penetration and radiation loads on the main chamber wall 

· Validate the results of simulations using measurements from JET, DIII-D and AUG.
	KIT
	1.50
	0.00
	0.00

	
	WP10-PWI-07-04-02/OEAW/BS
Assessment of heat fluxes during ELMs

· Investigation of ELM dynamics: determination of the radial turbulent particle flux, Reynolds stress and transport of poloidal momentum during mitigated and unmitigated ELMs in ASDEX Upgrade, COMPASS and JET. 

· Simultaneous determination of magnetic signals (Maxwell stress) and of the electron temperature. 

· Comparison with simulations with various codes results.
	OEAW
	2.11
	0.00
	0.00

	
	WP10-PWI-07-04-02/OEAW/PS
Assessment of heat fluxes during ELMs

· Investigation of ELM dynamics: determination of the radial turbulent particle flux, Reynolds stress and transport of poloidal momentum during mitigated and unmitigated ELMs in ASDEX Upgrade, COMPASS and JET. 

· Simultaneous determination of magnetic signals (Maxwell stress) and of the electron temperature. 

· Comparison with simulations with various codes results.
	OEAW
	0.00
	0.30
	0.00

	
	Total
	
	12.21
	3.05
	70.00


3.3 JET related activities
No JET related activities are meant to be implemented under this Task Agreement. JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they closely relate to the activity implemented under Art.5. JET data collected under the JET part of the EFDA WP can be brought together with other data under this TA when relevant for the progress of the work or used in multi- machine modelling activities under Art.5.

	JET TF E and TF M
	· Quantification of heat loads during mitigated and non-mitigated disruptions (including runaway loads) (TF E and TF M)

· Optimisation of massive gas injection and other techniques for disruption mitigation

· Characterisation of ELM loads using fast diagnostics, in particular for mitigated ELMs (TFE)

· Characterisation/quantification of inter-ELM heat loads on main chamber wall and in the divertor, including detachment/re-attachment studies


3.4 Publications
· 2010 Work Programme of the EU PWI TF

· 2008 and 2009reports of SEWG on Transient heat loads and mitigation

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, during the PWI TF annual meeting, the SEWG leader in charge of the task coordination shall present a report on all activities (under baseline and priority support) under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. 

The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
In addition, achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report shall be prepared by the SEWG leader in charge of the task coordination and submitted to the EFDA Leader. Each participating Association will have to report in one subsection on the degree to which the deliverables of their Tasks have been achieved and shall include a breakdown of expenditure. The Task Coordinator will collect the individual subsections into the final report for Priority Support activities addressing the associated milestones defined. 

The EURATOM financial contribution will be made after approval of these reports by the EFDA Leader

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-07-00/FZJ/PS
	FZJ
	Scientific report summarizing work within Task Agreement
	31. Dec 2010

	WP10-PWI-07-01-01/CEA/PS
	CEA
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-02-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-02-02/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-02-04/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-03-01/FOMRIJN/PS
	FOM_Rijnhuizen
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-03-01/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-03-02/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-03-03/FZJ/PS
	FZJ
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-04-02/IPP/PS
	IPP
	Scientific reports on performed tasks
	31. Dec 2010

	WP10-PWI-07-04-02/OEAW/PS
	OEAW
	Scientific reports on performed tasks
	31. Dec 2010


4.3 Milestones
Mid 2010
SEWG Meeting: Collection and discussion of results obtained from the evaluation of experiments in 2009 and early 2010

October 2010: 
Annual meeting of the EU TF on PWI: coordinated presentation of the results from the experimental campaigns in 2010

December 2010: Final report sent to EFDA-CSU.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 419.515 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 97.903 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

· 2010 Work Programme of the EU PWI TF

· 2008 and 2009 reports of SEWG on Transient heat loads and mitigation

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	CEA
	WP10-PWI-07-01-01/CEA/PS
	0.50
	68.00
	10.00
	0.00
	0.00
	78.00
	

	
	FOM_Rijnhuizen
	WP10-PWI-07-03-01/FOMRIJN/PS
	0.30
	44.70
	30.00
	0.00
	0.00
	74.70
	

	
	FZJ
	WP10-PWI-07-00/FZJ/PS
	0.25
	32.22
	0.00
	0.00
	0.00
	32.22
	

	
	FZJ
	WP10-PWI-07-02-02/FZJ/PS
	0.25
	22.58
	0.00
	0.00
	0.00
	22.58
	

	
	FZJ
	WP10-PWI-07-02-04/FZJ/PS
	0.20
	24.62
	20.00
	0.00
	0.00
	44.62
	

	
	FZJ
	WP10-PWI-07-03-02/FZJ/PS
	0.10
	12.89
	10.00
	0.00
	0.00
	22.89
	

	
	FZJ
	WP10-PWI-07-03-03/FZJ/PS
	0.20
	20.76
	0.00
	0.00
	0.00
	20.76
	

	
	IPP
	WP10-PWI-07-02-02/IPP/PS
	0.30
	36.00
	0.00
	0.00
	0.00
	36.00
	

	
	IPP
	WP10-PWI-07-03-01/IPP/PS
	0.25
	30.00
	0.00
	0.00
	0.00
	30.00
	

	
	IPP
	WP10-PWI-07-04-02/IPP/PS
	0.40
	48.00
	0.00
	0.00
	0.00
	48.00
	

	
	OEAW
	WP10-PWI-07-04-02/OEAW/PS
	0.30
	9.76
	0.00
	0.00
	0.00
	9.76
	

	Total 2010
	
	
	3.05
	349.51
	70.00
	0.00
	0.00
	419.51
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	CEA
	2
	2
	Attendance to theTFmeetings 

	
	FOM_Rijnhuizen
	4
	4
	Experiments on AUG

	
	FZJ
	11
	14
	Annual meeting of SEWG and TF 

Joint experiments: MAST, DIII-D 

	
	KIT
	1
	2
	

	
	IPP
	3
	3
	SEWG Transient Loads

	
	IST
	4
	9
	Perform experiments on TEXTOR, AUG, TS 

Partipation in experiments on TEXTOR, AUG

	
	OEAW
	10
	10
	ASDEX Upgrade, COMPASS, JET

	
	CCFE
	1
	2
	Attendance at theTF meetings

	
	Total
	36
	46
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1. Introduction

A European Task Force on Plasma-Wall Interaction was set up by EFDA in August 2002 with the aim of providing ITER with information concerning lifetime expectations of the divertor target plates and tritium inventory build-up rates in the foreseen starting configuration, and to suggest improvements, including material changes, which could be implemented at an appropriate stage. The scientific goals of the Task Force concentrate on European research on the most urgent problems in the field of PWI for ITER and future devices, and on developing scientific and technological concepts to overcome these problems. Whereas the goal of PWI research in the past has concentrated largely on optimising plasma performance, allowing for a maximum of flexibility with respect to different plasma scenarios, the activities should now concentrate more on topics arising from long pulse operation with high duty cycles. The Task Force relies on the knowledge, expertise and facilities existing in the European fusion programme. It aims at optimising the work by proper exchange of information and best use of synergies. It proposes suitable experiments to be performed in the Associations and at JET, and possibly also delegated to non-European partners through co-operations within the framework of IEA and ITER. Activities in non-fusion experiments which are of relevance are naturally included.

2. Objectives

The PWI TF is in charge of concentrating European research on the most urgent problems in the field of PWI for ITER and future devices, and to propose scientific and technological concepts to overcome these problems. The Scientific Leaders of the PWI TF will ensure that the overall EFDA Work Plan and Work Programme objectives are adequately translated into specific / detailed scientific and technical objectives. The PWI TF leaders can also propose activities within international collaborations and implement approved activities. The PWI TF Leaders shall report to the EFDA Leader.

3. Work Description and Breakdown

3.1 Structure
The PWI-TF is led by a Task Force leader and one deputy. They are appointed by the EFDA-SC for a three year period following a Call for Participation. Activities within the PWI-TF are divided into Task Agreements which are directly led by SEWG leaders, whose responsibilities are detailed in particular Tasks. The PWI maintains 9 Tasks addressing the most urgent issues of Plasma–Wall Interactions.

WP10-PWI-TFL

PWI TF Leadership

Task Force leadership is an ongoing activity and the main concern is to lead the projects towards a successful and timely implementation of the work programme. The Task Force leaders have reporting obligations to the EFDA leader:

· Lead and organize the overall PWI –TF activities

· Monitor progress in the TF and seek to secure the needed resources 

· Define and implement the annual work programmes (to be endorsed by EFDA leader)

· Provide Annual report of PWI activities

· Support the interaction with TG and other EFDA, EU and ITER related organization

· The Task force leaders should actively support the EFDA leader in outreach and collaborative activities

3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the PWI-TF is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware Priority Support (kEuros)

	2010
	WP10-PWI-TFL-L/CEA/PS
PWI TF Leader
	CEA
	0.00
	0.50
	0.00

	
	WP10-PWI-TFL-DL/IPP/PS
PWI TF Deputy Leader 
	IPP
	0.00
	0.50
	0.00

	
	Total
	
	0.00
	1.00
	0.00


3.3 JET related activities
3.4 Publications
EFDA 2010 Work Programme / EU PWI TF

4. Scientific and Technical Reports

4.1 Progress Reports
Not applicable

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
At the end of the calendar year the Task Force Leaders will submit to EFDA the Annual Report. This report shall indicate the level of achievement of the objectives, the situation of the activities, the implementation of resources and recommendations for the next year when applicable. The EURATOM financial contribution will be made after approval by the EFDA Leader of that report.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-PWI-TFL-DL/IPP/PS
	IPP
	Report summarising activities within PWI TF
	31. Dec 2010

	WP10-PWI-TFL-L/CEA/PS
	CEA
	Report summarising activities within PWI TF
	31. Dec 2010


4.3 Milestones
Not applicable

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 142.000 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 28.400 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

EFDA 2010 Work Programme / EU PWI TF

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	CEA
	WP10-PWI-TFL-L/CEA/PS
	0.50
	82.00
	0.00
	0.00
	0.00
	82.00
	

	
	IPP
	WP10-PWI-TFL-DL/IPP/PS
	0.50
	60.00
	0.00
	0.00
	0.00
	60.00
	

	Total 2010
	
	
	1.00
	142.00
	0.00
	0.00
	0.00
	142.00
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	CEA
	10
	20
	PWI related meetings

	
	IPP
	10
	20
	PWI related meetings

	
	Total
	20
	40
	


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.


� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.





