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Priority Support Summary: CfP-WP10-MHD-01
	Task
	Association
	Start date
	End date
	Priority Support (ppy)
	Manpower (k€)
	EU 8.2a contribution 20%
	Hardware (k€)
	EU 8.2b contribution 40%
	EU contribution total (k€)

	WP10-MHD-03
	CCFE
	01. Jan 2010
	
	0.30
	20.400
	4.080
	0.000
	0.000
	4.080

	Total
	
	
	
	0.30
	20.400
	4.080
	0.000
	0.000
	4.080

	WP10-MHD-02
	CEA
	01. Jan 2010
	
	0.90
	153.900
	30.780
	0.000
	0.000
	30.780

	WP10-MHD-03
	CEA
	01. Jan 2010
	
	0.70
	119.700
	23.940
	0.000
	0.000
	23.940

	Total
	
	
	
	1.60
	273.600
	54.720
	0.000
	0.000
	54.720

	WP10-MHD-03
	ENEA_Frascati
	01. Jan 2010
	
	0.60
	135.000
	27.000
	0.000
	0.000
	27.000

	Total
	
	
	
	0.60
	135.000
	27.000
	0.000
	0.000
	27.000

	WP10-MHD-02
	ENEA_RFX
	01. Jan 2010
	
	0.33
	19.800
	3.960
	0.000
	0.000
	3.960

	Total
	
	
	
	0.33
	19.800
	3.960
	0.000
	0.000
	3.960

	WP10-MHD-03
	HAS
	01. Jan 2010
	
	0.60
	18.000
	3.600
	2.000
	0.800
	4.400

	Total
	
	
	
	0.60
	18.000
	3.600
	2.000
	0.800
	4.400

	WP10-MHD-02
	IPP
	01. Jan 2010
	
	0.70
	83.542
	16.708
	70.000
	28.000
	44.708

	Total
	
	
	
	0.70
	83.542
	16.708
	70.000
	28.000
	44.708

	WP10-MHD-03
	RISØ
	01. Jan 2010
	
	0.25
	22.000
	4.400
	0.000
	0.000
	4.400

	Total
	
	
	
	0.25
	22.000
	4.400
	0.000
	0.000
	4.400

	WP10-MHD-02
	VR
	01. Jan 2010
	
	0.40
	55.200
	11.040
	0.000
	0.000
	11.040

	WP10-MHD-03
	VR
	01. Jan 2010
	
	0.50
	62.500
	12.500
	0.000
	0.000
	12.500

	Total
	
	
	
	0.90
	117.700
	23.540
	0.000
	0.000
	23.540

	Grand total
	
	
	
	5.28
	690.042
	138.008
	72.000
	28.800
	166.808
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1. Introduction

Fast particles interact with MHD waves for on one hand they may drive or stabilize MHD instabilities (destabilization of Toroidal Alfven Eigenmodes or Energetic Particles Modes and stabilization of sawtooth are just two examples), and on the other hand MHD instabilities affect confinement of fast particles. In ITER, for instance, the alpha-particle partial pressure may be significant enough to induce collective instabilities leading to energy confinement degradation and first wall damage due high alpha particle fluxes. Therefore, understanding the physics of these fast particles (in particular in presence of a significant population of them) and in general of fast ions is one of the key issues for controlling burning plasmas. 

On present-day machines there is an urgent need to understand the mechanisms of fast ion transport (this has clear consequences for example on NBI heating and current drive efficiency) and the nonlinear behaviour of multiple Alfven modes since they may be also destabilised in ITER. 

The key gap is in understanding the wave interaction with the fast ions by measuring the distributions that drive instabilities and observing changes in distribution due to instabilities. New diagnostic capability on devices that access the relevant regimes is needed. 

2. Objectives

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

· Improve confidence in predicting the fast particle stability boundaries in ITER (intermediate n). 

· Improve theoretical understanding and develop/extend nonlinear models for the evolution of multiple instabilities and related fast particle transport and losses. 

3. Work Description and Breakdown

3.1 Structure
WP10-MHD-01-01

Experiments on fast particle instabilities

Co-ordinated experiments on fast particle instabilities exploiting the enhanced capabilities of confined fast particles diagnostics

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 MHD Topical Group is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware, Cons., Other Expenditure Priority Support (kEuros)

	2010
	WP10-MHD-01-01-xx-01/UKAEA
Experiments on fast particle instabilities
Study the interaction of fast ions by measuring the distributions that drive the instabilities, observing changes in distribution due to the instabilities using diagnostic measurements backed up by NPA, neutron measurements and possibly have first measurements from the new FIDA diagnostic. Experimental data will be compared with non-linear wave-particle interaction modelling with the world-leading HAGIS code. The Modelling will address the loss and redistribution of fast ions. Investigation of Alfven eigenmodes stability in well diagnosed cases for modelling fast particle instabilities. Compare numerical models with data from the Toroidal Alfven Eigenmode Antenna on MAST, coupled with excellent suite of plasma diagnostic on damping rate of fast particle driven modes in highly resolved plasma equilibria, in collaboration with Uppsala University. 
	CCFE
	0.55
	0.00
	0.00

	
	WP10-MHD-01-01-xx-01/CEA
Experimental observations and theoretical modelling of electron-driven fishbones in Tore-Supra, FTU and TCV. 
Combination of fast ECE diagnostics for the MHD modes and hard X-ray bremsstrahlung measurements for the fast electron distribution for observing the interaction between fast particles and MHD modes with a very good resolution in space and time. Combined experimental data from electron fishbones observed in different tokamaks (Tore-Supra, FTU, TCV ) with various electron heating systems (LHCD, ECCD) analysed and compared with theory and computations. 
	CEA
	1.15
	0.00
	0.00

	
	WP10-MHD-01-01-xx-01/FOM_Rijnhuizen
Numerical modelling of fast particle instabilities
Analysis of fast particle MHD in tokamaks with large toroidal flows (like, for example, MAST) with the MHD equilibrium and linear stability codes including flow FINESSE, PHOENIX interfaced to the energetic particle MHD code HAGIS and study the effects of flow on fast particle instabilities. 
	FOM_Rijnhuizen
	0.50
	0.00
	0.00

	
	WP10-MHD-01-01-xx-02/RISO
Experiments on fast particle instabilities
Compare the experimentally obtained CTS velocity distribution with fast ion codes such as Haggis and ASCOT in optimised experimental conditions on ASDEX upgrade. The dynamics of the confined fast-ion distribution will be measured during such instabilities and will be compared with orbit tracing codes; in close collaboration with the FOM, FZJ and IPP. 
	RISØ
	1.00
	0.00
	0.00

	
	WP10-MHD-01-01-xx-01/VR
Co-ordinated experiments on fast particle instabilities at MAST
Carry out experimental measurements of the fast ions confinement, redistribution and losses in MAST following the excitation of collective instabilities by super-Alfvénic fast particles from deuterium neutral beam injection. The confinement, redistribution and losses of fast ions will be studied by measuring the neutron emissivity profile following the DD reaction between the fast and thermal deuteron ions in different plasma scenarios (H-mode, on-axis and off-axis heating), taking full advantage of the neutron camera to be soon installed at MAST. The spatially resolved information on the distribution of the fast particles will be complemented with the time resolved information derived from the absolutely calibrated fission chamber already in use at MAST. 
	VR
	0.40
	0.00
	0.00

	
	WP10-MHD-01-01-xx-01/OEAW
Predicting fast particle stability boundaries in ITER
Model the non-linear evolution of multiple instabilities and related fast particle transport and losses. 
	ÖAW
	0.45
	0.00
	0.00

	
	Total
	
	4.05
	0.00
	0.00


3.3 JET related activities
JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they are closely related to the activity implemented under Art.5. JET data analysed 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.

3.4 Publications
4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, and at intermediate times where appropriate, the Task Coordinator shall submit a report on activities 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)
This Task Agreement contains no priority support activities.

4.3 Milestones
· Mid 2010 Activity Meetings: Collection and discussion of results obtained from the evaluation of theoretical work and experiments performed in 2009 and early 2010. 

· End second trimester 2010 Annual meeting of the Topical Group: coordinated presentation of the results from the theoretical work and experimental campaigns in 2010. 

· December 2010 Final report sent to EFDA-CSU. 

5. Priority Support Expenditure Forecast

This Task Agreement contains no priority support activities.

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

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€
	


Annex 2: Indicative mobility Support 

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

	2010
	
	
	
	

	
	CEA
	4
	10.0
	Visits related to the collaboration FTU 
Visits related to the collaboration TCV

	
	FOM_Rijnhuizen
	1
	2.0
	Visits related to the collaboration CCFE

	
	RISØ
	5
	9.0
	Visits related to the experiments at TEXTOR and ASDEX-Upgrade

	
	VR
	6
	8.0
	Visits related to the experimental campaign at MAST (UK).

	
	ÖAW
	2
	3.0
	Visits related to the collaboration with IPP Garching

	
	Total
	18
	32.0
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1. Introduction

Unmitigated disruptions represent an intolerable risk for ITER and should be avoided by a reliable control of the plasma discharge. However the understanding of how to predict and avoid such events is at a rudimentary level since extensive development of avoidance and control techniques has not been envisaged on existing devices. In addition, an extrapolation of the effects of a disruption from existing devices to ITER is affected by uncertainties which must be reduced to guarantee the integrity of the machine. Significant progress is required in the area of understating runaway electron beams and electro-magnetic forces caused by disruptions and the development of mitigation and avoidance techniques 

2. Objectives

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

· Development of robust disruption prediction methods, including the development and maximum applicability for a major cross-cutting 3d non-linear resistive MHD code initiative. 

· Step-wise development towards full runaway code, capturing threshold, plasma profile evolution, runaway beam properties, action of mitigators, 3d dynamics and beam stability. 

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

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

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

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

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

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

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

3. Work Description and Breakdown

3.1 Structure
WP10-MHD-02-01

Runaway electrons

Development of new diagnostic methods to measure the runaway electrons, tests effect of Resonant Magnetic Perturbations on runway dynamics, improve infra-red imaging capability and development full runaway code.

WP10-MHD-02-02

Electromagnetic forces

Installation of the necessary additional detectors to perform better measurements, develop code as a flexible and accessible tool with a 2d model of VDE, further exploitation and optimisation of the diagnostics for the impurity influxes, development of JOREK code for disruption application and Integrated code package comprising 3d core plasma dynamic and 3d wall response.

WP10-MHD-02-03

Mitigation and avoidance

Co-ordinated Disruption mitigation experiments and develop control systems and active disruption initiation tools.

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 MHD Topical Group is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware, Cons., Other Expenditure Priority Support (kEuros)

	2010
	WP10-MHD-02-02-xx-01/Belgium_ULB
Electromagnetic forces
Further development of a computational fluid code SFELES that shares many properties with JOREK (finite-element coupled with Fourier expansion, ...), including improving the parallelisation efficiency for SFELES in collaboration with the JOREK team and explore various possibilities to improve the parallelisation efficiency in this code. 
	Belgium_ULB
	0.33
	0.00
	0.00

	
	WP10-MHD-02-03-xx-01/UKAEA
Mitigation and avoidance
Investigate disruption mitigation by Massive Gas Injection in collaboration with FZ Juelich. Focus on understanding processes involved by utilising state of the art visible imaging, infrared and Thomson scattering diagnostics on MAST. A series of experiments will be performed using plasma parameter scans and different gas species. The effects of these parameters on the thermal and current quench will be investigated. 
	CCFE
	0.20
	0.00
	0.00

	
	WP10-MHD-02-03-xx-01/CEA
Disruption simulation with the JOREK non-linear MHD code
Extend the JOREK 3D non-linear MHD code to include a resistive wall and a vacuum region. This will be implemented through a coupling of the JOREK with the STARWALL code. Non-linear MHD simulations of the disruptions triggered by gas massive injection in Tore Supra. The JOREK code, recently extended with a fluid model for neutrals, will be used for the simulations of Tore Supra discharges. The results will be compared with the detailed experimental observations in Tore Supra. 
	CEA
	0.00
	0.90
	0.00

	
	WP10-MHD-02-02-xx-01/ENEA_Frascati
Investigations about the coupling of CARIDDI code with 3D core plasma dynamics, and related enhancements
Carry out investigations about the possibility of coupling CARIDDI with 3D codes able to describe the dynamics of plasma core. This will require some enhancements to the CARIDDI code, that will be carried out, if necessary. 
	ENEA_Frascati
	0.40
	0.00
	0.00

	
	WP10-MHD-02-02-xx-01/ENEA_RFX
Electromagnetic forces
The M3D code will be used to evaluate the effect of 3D nonlinear plasma evolution on the electromagnetic forces during disruptions in collaboration with the ITM task force and within a ongoing collaboration with NYU and PPPL. 
	ENEA_RFX
	0.00
	0.33
	0.00

	
	WP10-MHD-02-02-xx-01/FZJ
Electromagnetic forces
Measure fast dynamics of electron temperature and density during a few ms after the thermal quench on TEXTOR using Thomson Scattering; the only local diagnostic capable of measuring fast dynamics of electron temperature and density during plasma disruption. 
	FZJ
	0.10
	0.00
	0.00

	
	WP10-MHD-02-01-xx-01/HAS
Numerical simulation of RMP effects on runaway losses
Calculate the runaway electron drift orbits in magnetostatic perturbed fields using the ANTS code (plasmA simulatioN with drifT and collisionS) and use this to assess the effect of resonant magnetic perturbation (RMP) coils on runaway loss enhancement, in collaboration with Chalmers Univ. and IPP Greifswald. 
	HAS
	0.50
	0.00
	0.00

	
	WP10-MHD-02-02-xx-01/IPP
In vessel forces and tension
Upgrade ASDEX Upgrade with a larger set of optical strain gauges on a Fabry-Perrot basis with high spatial and temporal resolution. The system would allow to measure the dynamic forces and the stress of in vessel components due to disruptions, ELMs and during AC operation of the ELM control coils. Routine measurement of forces to in vessel components as input to disruption investigations. Scaling of forces with plasma configurations/parameters. 
	IPP
	0.00
	0.30
	50.00

	
	WP10-MHD-02-03-xx-01/IPP
Disruption simulations with DINA
Following the benchmark of the DINA halo model against experimental measurements from ASDEX Upgrade, the DINA model will be used to simulate disruptions which exhibit a TFP*I_halo/Ip (toroidal peaking factor times halo current fraction) close to the 75 % boundary of the International Disruption Database, which is critical for the ITER design, and mitigated fast shut-downs. These disruptions exhibit a small amount of halo current and a different halo width. Benchmark the model of plasma opacity and radiation transport, implemented in DINA. The details of the radiation transport influence the velocity of the current quench and therefore the runaway electron generation. 
	IPP
	0.00
	0.40
	20.00

	
	WP10-MHD-02-01-xx-01/VR
Numerical simulations of runaway electron dynamics in tokamak disruptions 
Calculate the runaway electron drift orbits in magnetostatic perturbed fields using the ANTS code (plasmA simulatioN with drifT and collisionS) and use this to assess the effect of resonant magnetic perturbation (RMP) coils on runaway loss enhancement in collaboration with HAS and IPP Greifswald, including task co-ordination. 
	VR
	0.00
	0.40
	0.00

	
	WP10-MHD-02-01-xx-02/VR
Numerical simulations of runaway electron dynamics in tokamak disruptions
Calculate the runaway electron drift orbits in magnetostatic perturbed fields using the ANTS code (plasmA  simulatioN with drifT and collisionS) and use this to assess the effect of resonant magnetic perturbation (RMP) coils on runaway loss enhancement in collaboration with HAS and IPP Greifswald. 
	VR
	0.60
	0.00
	0.00

	
	Total
	
	2.13
	2.33
	70.00


3.3 JET related activities
JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they are closely related to the activity implemented under Art.5. JET data analysed 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.

3.4 Publications
4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, and at intermediate times where appropriate, the Task Coordinator shall present a report on activities 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)
Achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report (and intermediate reports marking substantial progress in the achievement of deliverables, if the EFDA Leader so requests) shall be prepared by the Task Coordinator and submitted to the EFDA Leader. If part of or all the activities carried out relate to JET, the Associate Leader for JET will be involved in clearing the report. These reports shall include specific sub-sections for each of the Associations involved. They shall document the degree to which the deliverables in Table 4.1 have been achieved, and shall include a breakdown of expenditure for each Association, under the headings of Annex 1. 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-MHD-02-01-xx-01/VR
	VR
	Report on runaway electron drift orbits in magnetostatic perturbed fields using the ANTS code
	31. Dec 2010

	WP10-MHD-02-02-xx-01/ENEA_RFX
	ENEA_RFX
	Report on the effect of 3D nonlinear plasma evolution on the electromagnetic forces during disruptions.
	31. Dec 2010

	WP10-MHD-02-02-xx-01/IPP
	IPP
	Upgrade ASDEX Upgrade with a larger set of optical strain gauges and report on Scaling of forces with plasma configurations/parameters.
	31. Dec 2010

	WP10-MHD-02-03-xx-01/CEA
	CEA
	Report on extention of JOREK 3D non-linear MHD code to include a resistive wall and a vacuum region and on Non-linear MHD simulations of the disruptions triggered by gas massive injection in Tore Supra.
	31. Dec 2010

	WP10-MHD-02-03-xx-01/IPP
	IPP
	Report on simulations of disruptions which exhibit a TFP*I_halo/Ip close to the 75 % boundary of the International Disruption Database on the Benchmark the model of plasma opacity and radiation transport, implemented in DINA.
	31. Dec 2010


4.3 Milestones
· Mid 2010 Activity Meetings: Collection and discussion of results obtained from the evaluation of theoretical work and experiments performed in 2009 and early 2010. 

· End second trimester 2010 Annual meeting of the Topical Group: coordinated presentation of the results from the theoretical work and 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 382.442 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 90.488 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

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-MHD-02-03-xx-01/CEA
	0.90
	153.90
	0.00
	0.00
	0.00
	153.90
	

	
	ENEA_RFX
	WP10-MHD-02-02-xx-01/ENEA_RFX
	0.33
	19.80
	0.00
	0.00
	0.00
	19.80
	

	
	IPP
	WP10-MHD-02-02-xx-01/IPP
	0.30
	19.63
	50.00
	0.00
	0.00
	69.63
	

	
	IPP
	WP10-MHD-02-03-xx-01/IPP
	0.40
	63.91
	0.00
	20.00
	0.00
	83.91
	

	
	VR
	WP10-MHD-02-01-xx-01/VR
	0.40
	55.20
	0.00
	0.00
	0.00
	55.20
	

	Total 2010
	
	
	2.33
	312.44
	50.00
	20.00
	0.00
	382.44
	


Annex 2: Indicative mobility Support 

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

	2010
	
	
	
	

	
	
	
	
	

	
	CEA
	2
	2.0
	Participation in MHD topical group meeting

	
	ENEA_Frascati
	0
	0.0
	

	
	ENEA_RFX
	3
	20.0
	Visits related to the collaboration with CEA (Cadarache)

	
	
	
	
	

	
	HAS
	4
	8.0
	Visits related to the collaborations with IPP Greifswald and VR

	
	IPP
	1
	1.0
	Participation coordinating meetings

	
	VR
	2
	4.0
	Visits related to the collaborations with IPP Greifswald

	
	Total
	12
	35.0
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1. Introduction

Sawtooth and NTMs
The emphasis of the sawtooth physics studies is on diagnosis and interpretation of the sawtooth crash, its consequent impact on plasma profiles, fast particles, the overall cycle; and understanding inter-relation with other events such as NTMs and ELMs. Control in ITER will be required to avoid long sawtooth periods in the standard ELMy H-mode scenario caused by the strong stabilisation effect of alpha particles and fast ions generated by the auxiliary heating systems. Sawtooth control has been demonstrated in several devices using a range of techniques (ECCD, ICCD, off axis NBI, profile modification, etc). At present, the ITER scaling foresees the destabilisation of NTMs at modest values of beta normalised, but uncertainties exist regarding the role of rotation, of ion polarization current and other small island physics effects. ECCD control is a key priority for ITER, particularly for the 2/1 NTM. 

ELMs
The onset of large ELMs is broadly accepted to be usually associated with the triggering of peeling-ballooning modes, and codes can predict the threshold and the structure of these instabilities, including many of the key parameter dependencies, with considerable precision. However, there are important physics aspects that need further investigation. Crucial questions include the need to develop ELM mitigations strategies to achieve an ELM frequency increase of the order of 10 times when compared to unmitigated ELM frequencies, as required on ITER. 

RWMs 
The role RWM destabilization has been investigated in several tokamaks. In particular, non-resonant magnetic error field components have a strong effect on the plasma flow, and therefore on the RWM stabilization mechanism, through their role in damping the toroidal flow by a neoclassical viscous torque mechanism. Predictions on Neoclassical Toroidal Viscosity (NTV) for ITER have high priority and high urgency, because of their implications on ELM RMP coil designs. 

2. Objectives

· Increase the focus on theoretical/numerical efforts to model and interpret Sawtooth and tearing mode physics, the non-linear MHD evolution of instabilities including ELMs, transport in 3d fields, and control algorithms. 

· Bring in more refined physics models, including realistic 3D wall, 3D equilibrium fields and kinetic effects, in particular for beta-limiting instabilities.  

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

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

3. Work Description and Breakdown

3.1 Structure
WP10-MHD-03-01

NTMs 

Test physics through 3D non-linear code development and study non-linear interaction between modes and with external perturbations.

WP10-MHD-03-02

ELMs

Nonlinear code development and more refined modelling using upgraded Edge Current diagnostics; study the physics of Resonant Magnetic Perturbations, develop practical application of control tools and integration into scenarios.

WP10-MHD-03-03

RWMs

Enhancement of numerical codes, application of enhanced computational models to ITER, study Error field effects on Neoclassical Toroidal Viscosity and the effect of 3d plasma shaping, study tearing modes an error field effects close to RWM limit and interaction with ideal MHD.

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 MHD Topical Group is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	Manpower Baseline Support (ppy)
	Manpower Priority Support (ppy)
	Hardware, Cons., Other Expenditure Priority Support (kEuros)

	2010
	WP10-MHD-03-02-xx-01/Belgium_ERM-KMS
Edge Localised Modes 
The study of coherent modes near the pedestal of H-mode TEXTOR plasmas on the subject of their peeling/ballooning and/or pre/post-cursor nature with respect to ELMs and their behavior in presence of RMP. 
	Belgium_ERM-KMS
	0.20
	0.00
	0.00

	
	WP10-MHD-03-01-xx-01/Belgium_ULB
Sawtooth and Tearing Modes 
The Smooth Particle Hydrodynamic (SPH) solver will be used to study the sawtooth activity. The SPH is a meshless Lagrangian (particle) method that is useful to simulate fluid flows. It is a free boundary approach, although special methods can be used to introduce solid boundaries. Three particularly attractive features of the method are to be mentioned: the spatial gradients can be computed without a grid, the resolution can be adapted automatically and complex physics can easily be studied. The objective of this project is to further improve the SPH tool we have recently developed for MHD in order to study toroidally confined two-fluid plasma flows. The code solves the Braguinski equations in a given confining toroidal magnetic field. The challenges are the problem of the escaping particles (how to reintroduce particles properly) and to find a way to stabilize the SPH scheme in presence of currents and electric fields. 
	Belgium_ULB
	0.33
	0.00
	0.00

	
	WP10-MHD-03-01-xx-01/UKAEA
Sawtooth and Tearing Modes 
Use new high-resolution Thomson Scattering system in MAST to provide profiles and data on NTM thresholds and triggering physics. New collection system and spectrometers now provide time-resolved 120 spatial points, (~10mm resolution) and very high resolution edge TS and 300pt ruby single pulse system retained. This allows imaging of 2/1 NTMs in single pulse using burst mode operation in order to study the profiles across X-point and O-point. 
	CCFE
	0.60
	0.00
	0.00

	
	WP10-MHD-03-02-xx-01/UKAEA
Edge Localised Modes 
Continue ELM control experiments in MAST, using dedicated set of off mid-plane ELM coils. Study and model strike-point splitting in the presence of RMPs in MAST, including the effect of screening currents. Pursue cylindrical non-linear MHD modelling, looking in particular for transport mechanisms induced by the RMPs in spite of the screening by the plasma response. Estimate the Rechester-Rosenbluth heat diffusivity in MAST in the vacuum field hypothesis. Nonlinear modelling of ELMs and RMP experiments will be performed using BOUT++. Simulations of applied RMP fields will be extended to realistic X-point geometries and their effect on ELM dynamics. Models of parallel heat conduction along perturbed field-lines will be incorporated into the BOUT++ code in order to begin to investigate heat and particle loss mechanisms due to ELMs and RMPs in collaboration with CEA. 
	CCFE
	0.80
	0.00
	0.00

	
	WP10-MHD-03-02-xx-02/UKAEA
Edge Localised Modes 
Continue ELM control experiments in MAST, using dedicated set of off mid-plane ELM coils. Study and model strike-point splitting in the presence of RMPs in MAST, including the effect of screening currents. Pursue cylindrical non-linear MHD modelling, looking in particular for transport mechanisms induced by the RMPs in spite of the screening by the plasma response. Estimate the Rechester-Rosenbluth heat diffusivity in MAST in the vacuum field hypothesis. Nonlinear modelling of ELMs and RMP experiments will be performed using BOUT++. Simulations of applied RMP fields will be extended to realistic X-point geometries and their effect on ELM dynamics. Models of parallel heat conduction along perturbed field-lines will be incorporated into the BOUT++ code in order to begin to investigate heat and particle loss mechanisms due to ELMs and RMPs in collaboration with CEA. 
	CCFE
	0.00
	0.30
	0.00

	
	WP10-MHD-03-03-xx-01/UKAEA
Stability at high Beta 
Continue to improve Resistive Wall Mode physics models for ITER, including the effect of 3-D wall structures. Analyse the effect of resonant magnetic perturbations on plasma stability. Investigate resonant field amplification and its relation to resistive wall mode stability, with the aim of testing stability theory and stability diagnostics. Study error field effects on neoclassical toroidal viscosity in collaboration with ENEA. 
	CCFE
	0.40
	0.00
	0.00

	
	WP10-MHD-03-01-xx-01/CEA
Non linear MHD simulations of Neoclassical Tearing Modes with improved neoclassical viscosity tensor 
The modelling of Neoclassical Tearing Modes will be performed with electron and ion neoclassical viscosity tensors in non linear MHD code XTOR. This will allow to recover: i) the poloidal drive and damping of ion flow and the bootstrap current at equilibrium consistent with neoclassical theory, ii) the neoclassical bootstrap drive for tearing modes. The difference with present implementation (where the bootstrap is taken from equilibrium code CHEASE and evolved with pressure) is that both effects (poloidal flow and bootstrap current) will be evolved with density and temperature, using neoclassical viscous coefficients, and in a consistent manner. 
	CEA
	0.00
	0.20
	0.00

	
	WP10-MHD-03-01-xx-01/CEA/BS
Non linear MHD simulations of Neoclassical Tearing Modes with improved neoclassical viscosity tensor 
The modelling of Neoclassical Tearing Modes will be performed with electron and ion neoclassical viscosity tensors in non linear MHD code XTOR. This will allow to recover: i) the poloidal drive and damping of ion flow and the bootstrap current at equilibrium consistent with neoclassical theory, ii) the neoclassical bootstrap drive for tearing modes. The difference with present implementation (where the bootstrap is taken from equilibrium code CHEASE and evolved with pressure) is that both effects (poloidal flow and bootstrap current) will be evolved with density and temperature, using neoclassical viscous coefficients, and in a consistent manner. 
	CEA
	1.30
	0.00
	0.00

	
	WP10-MHD-03-02-xx-01/CEA
Non-linear MHD simulations of ELMs and their control by pellets and RMPs.
The JOREK 3D non-linear MHD code will be applied to simulate the non-linear evolution of ELMs in discharges from JET and ASDEX-Upgrade in collaboration with IPP, to study the effect of the injection of pellets in an H-mode edge pedestal and the trigger of ELMs by a pellet and the physics of Resonant Magnetic Perturbations (RMPs) used for ELM control. In particular, the study of the interaction with plasma flow, diamagnetism and neoclassical effects (such as neoclassical damping of equilibrium poloidal flow) on error field/RMPs penetration and resulting magnetic topology. For the Interaction with RMP fields with ELMs, the Code JOREK (in torus) and RMHD (in cylinder) will be used. 
	CEA
	0.00
	0.50
	0.00

	
	WP10-MHD-03-02-xx-01/CEA/BS
Non-linear MHD simulations of ELMs and their control by pellets and RMPs.
The JOREK 3D non-linear MHD code will be applied to simulate the non-linear evolution of ELMs in discharges from JET and ASDEX-Upgrade in collaboration with IPP, to study the effect of the injection of pellets in an H-mode edge pedestal and the trigger of ELMs by a pellet and the physics of Resonant Magnetic Perturbations (RMPs) used for ELM control. In particular, the study of the interaction with plasma flow, diamagnetism and neoclassical effects (such as neoclassical damping of equilibrium poloidal flow) on error field/RMPs penetration and resulting magnetic topology. For the Interaction with RMP fields with ELMs, the Code JOREK (in torus) and RMHD (in cylinder) will be used. 
	CEA
	0.90
	0.00
	0.00

	
	WP10-MHD-03-03-xx-01/ENEA_Frascati
Enhancement of CarMa code to the study of RWM
Enhancement of the CarMa code with the addition of rotation and kinetic damping to RWM analysis, multimodal n=0 + n>0 modelling, fast computational techniques and their parallelization for dealing with huge computational models and (if necessary) inclusion of ferromagnetic materials. Application of enhanced CarMa code to ITER, to study the effect of rotation and damping on RWM growth rates, evaluate the impact of rotation and damping on active RWM feedback control requirements and application to ITER of advanced control schemes. Experimental validation of the CarMa code on RFX-mod in close cooperation with CCFE and ENEA-RFX. 
	ENEA_Frascati
	0.00
	0.60
	0.00

	
	WP10-MHD-03-03-xx-02/ENEA_Frascati
Application of the Enhanced CarMa code for the analysis of RWM in ITER
Enhancement of the CarMa code with the addition of rotation and kinetic damping to RWM analysis, multimodal n=0 + n>0 modelling, fast computational techniques and their parallelization for dealing with huge computational models and (if necessary) inclusion of ferromagnetic materials. Application of enhanced CarMa code to ITER, to study the effect of rotation and damping on RWM growth rates, evaluate the impact of rotation and damping on active RWM feedback control requirements and application to ITER of advanced control schemes. Experimental validation of the CarMa code on RFX-mod in close cooperation with CCFE and ENEA-RFX. 
	ENEA_Frascati
	1.40
	0.00
	0.00

	
	WP10-MHD-03-01-xx-01/FOM_Rijnhuizen
Tearing Modes and their control
The modelling of tearing modes is pursued both along the lines of the modified Rutherford equation (MRE) as well as by setting up full nonlinear (reduced) MHD simulation. The adaptation of the MRE to asymmetric islands (caused by finite flow shear and large islands) will be investigated. Nonlinear simulations of tearing mode control by localized heating and current drive will be performed using the JOREK code in collaboration with CEA. 
	FOM_Rijnhuizen
	2.50
	0.00
	0.00

	
	WP10-MHD-03-01-xx-02/FOM_Rijnhuizen
Feedback control of Tearing Modes 
A model of the complete feedback control loop for tearing modes (at TEXTOR) is developed, which includes detailed models for the sensing (by in-transmission-line ECE), the actuation (by ECRH though control of the power and a mechanical launcher), as well as the plasma response (as provided by the modified rutherford equation). The model is used to assess the possibility and requirements for ‘island size control’ (rather than island-no-island control). 
	FOM_Rijnhuizen
	1.00
	0.00
	0.00

	
	WP10-MHD-03-01-xx-03/FOM_Rijnhuizen
In-transmission-line ECE for Tearing Mode control in AUG 
Implemented and optimise an in-transmission-line ECE system in ASDEX-Upgrade, in collaboration with IPP. The diagnostic will be used as main sensor in a feedback loop for neoclassical tearing mode control. 
	FOM_Rijnhuizen
	0.50
	0.00
	0.00

	
	WP10-MHD-03-01-xx-04/FOM_Rijnhuizen
Feedback control of sawteeth
Performed numerical studies to design an optimized control loop for the sawtooth period, using a model for the control of the sawtooth that has been set-up including the sensing (period and inversion radius determination through in-line ECE or other diagnostic data), the actuation (ECCD with control of a mechanical launcher) and the plasma response (on the basis of a combined Kadomtsev- Porcelli model). After this, disturbances will be identified, and their effect on the control loop will be assessed. 
	FOM_Rijnhuizen
	1.00
	0.00
	0.00

	
	WP10-MHD-03-01-xx-05/FOM_Rijnhuizen
Modelling of fast particle redistribution by sawteeth 
A 3D MHD model of the sawtooth crash will be used to calculate the response of the energetic ions. 
	FOM_Rijnhuizen
	0.50
	0.00
	0.00

	
	WP10-MHD-03-02-xx-01/FOM_Rijnhuizen
Modelling of Edge Localised Modes 
Perform ELM modelling in collaboration CEA. The stability of plasmas with flow is investigated using the FINESSE equilibrium and PHOENIX linear stability codes. For the purpose of ELM modelling the latter will be extended to include external modes. Stock will be taken of necessary and available numerical tools for ELM simulation in order to come to a final choice of code for further work. 
	FOM_Rijnhuizen
	1.25
	0.00
	0.00

	
	WP10-MHD-03-02-xx-01/FZJ
Edge Localised Modes 
Perform measurement of coherent modes near the pedestal of H-mode plasma at TEXTOR. Analysis of pre and post cursors of ELMs an identification of the nature of the modes either ballooning or peeling. Establish limiter H-mode at TEXTOR and perform measurements with correlation reflectometry. Study the ballooning nature by experiments with top and mid plane antennae. The measurements will be accompanied by BES measurements in the midplane performed in collaboration with HAS. Determine the influence of the 3/1 and 6/2 DED field on the turbulence character of L-mode and Limiter-H mode plasmas on TEXTOR. 
	FZJ
	0.90
	0.00
	0.00

	
	WP10-MHD-03-02-xx-02/FZJ
Edge Localised Modes 
Compare the observed plasma braking by RMPs with the predictions from NTV theory. Extend analysis of JET plasmas to nu-regime. Dedicated TEXTOR experiments using the DED in 3/1 and 6/2 configurations in dc and ac mode of operation. Investigate density, plasma rotation and beta dependences of the rotation braking in TEXTOR with 3/1 and 6/2 DED fields. Inter machine comparison using data from MAST, TEXTOR, and JET. Predict the NTV torque profile for ITER ELM control coils based in the benchmark from the inter-machine comparison. 
	FZJ
	0.80
	0.00
	0.00

	
	WP10-MHD-03-02-xx-03/FZJ
Edge Localised Modes 
Investigate whether the observed change of the sawtooth period when RMPs for ELM control are applied can be attributed to the change in plasma rotation (braking induced by RMPs) or if another mechanism is responsible for this. Dedicated experiments on TEXTOR with balanced NBI and DED. 
	FZJ
	0.20
	0.00
	0.00

	
	WP10-MHD-03-02-xx-04/FZJ
Edge Localised Modes 
Application of the HINT2 3D equilibrium code to understand the non-axisymmetric modification of the equilibrium when RMPs are applied. Determine the screening of external magnetic perturbations using the 3D non-linear MHD code ATTEMPT. Development and test of a magnetic probe head to be mounted on the fast reciprocating probe for measurement of the edge magnetic topology on TEXTOR. Investigation of the edge magnetic topology with ac 3/1 DED on TEXTOR and comparison with 3D modelling. 
	FZJ
	1.20
	0.00
	0.00

	
	WP10-MHD-03-02-xx-01/HAS
Edge Localised Mode measurements on COMPASS
Measurements of the changes in the toroidal current during ELMs in the COMPASS tokamak for different H-mode plasmas in collaboration with IPP-CR using the recently installed Atomic Beam Probe diagnostic, designed to measure the radial profile of the toroidal current density. This includes the final development of the detector to obtain the required performance. 
	HAS
	0.00
	0.60
	2.00

	
	WP10-MHD-03-02-xx-01/IPP-CR
Resonant Magnetic Perturbation studies for Edge Localised Mode control
Perform experiments with RMPs on COMPASS and accompanying theoretical studies, including experiments with the current set of coils to determine the impact on plasma density and other parameters, both in L-mode and H-mode. Evaluation of the effect on ELMs (Type-III ELMs first, possibly Type-I ELMs later). Comparison with recent MAST results. Observations of the changes to the edge plasma structure induced by applying the RMPs, by one or more of the following methods: divertor probes, visible cameras, reciprocating probes and magnetic diagnostics. Modelling for plasma response to RMPs, either by developing the model of ad-hoc screening currents in a realistic geometry which has been created in cooperation with CCFE, and by participating on the development of the MHD models in collaboration with CEA. 
	IPP.CR
	0.55
	0.00
	0.00

	
	WP10-MHD-03-01-xx-01/IST
Sawtooth and Tearing Modes 
Investigate critical and saturated island widths with the XTOR code under the effect of plasma rotation and non-linear mode coupling. 
	IST
	0.38
	0.00
	0.00

	
	WP10-MHD-03-03-xx-01/MEdC
Theoretical modelling of error fields penetration and neoclassical toroidal viscosity non-resonant magnetic braking effects in tokamak plasmas 
Construct an 2-dimensional axisymmetric theoretical model capable to illustrate the mechanism of toroidal momentum dissipation and NTV global braking due to the non-resonant error fields destabilizing effect. The following steps to achieve are proposed: (i) Determination of a general multimode RWM dispersion relation for 2-D axisymmetric geometry in the presence of neoclassical viscosity and non-resonant error fields, (ii) Derivation of the evolution equations for the plasma angular motion at the level of the plasma boundary and inner non-ideal MHD layers (that develop at the corresponding inner rational surfaces) to prove global plasma deceleration and NTV braking of the plasma rotation, (iii) Electromagnetic and NTV torques calculation for shapes of the flux surfaces structure that include toroidicity, ellipticity, triangularity. The influence of the above parameters in finding the optimal less destabilizing error field spectrum will be calculated. 
	MEdC
	0.50
	0.00
	0.00

	
	WP10-MHD-03-03-xx-02/MEdC
Rotational stabilization of the RWM by coupling to a dissipative rational surface. Evaluation of flow stabilization effects on ITER equilibrium states. 
Develop a new analytical model with a resonant layer inside of the plasma for Rotational stabilization of the RWM by coupling to a dissipative rational surface. This resonant layer can be a tearing or an internal kink mode, making use of the layer theory by Porcelli. Perform evaluation of flow stabilization effects on ITER equilibrium states and extension of the generic linear static equilibrium solutions applied to realistic ASDEX Upgrade equilibria and to an ITER equilibria with sheared flow parallel to the magnetic field with Alfvén Mach numbers on the order of 0.01. The potential stabilizing effect of the flow will be investigated by applying a sufficient condition for linear stability of equilibria with parallel flow. 
	MEdC
	0.70
	0.00
	0.00

	
	WP10-MHD-03-01-xx-01/RISO
Sawtooth and Tearing Modes 
Experiments and measurements of NTM’s after upgrading the present CTS receiver with a new front end, with the purpose to develop an NTM tracking and control system in ASDEX-Upgrade in cooperation IPP. This Dual mirror operation will allow detecting and eliminating NTM modes instantaneously. 
	RISØ
	0.25
	0.00
	0.00

	
	WP10-MHD-03-01-xx-02/RISO
Sawtooth and Tearing Modes 
Experiments and measurements of NTM’s after upgrading the present CTS receiver with a new front end, with the purpose to develop an NTM tracking and control system in ASDEX-Upgrade in cooperation IPP. This Dual mirror operation will allow detecting and eliminating NTM modes instantaneously. 
	RISØ
	0.00
	0.25
	0.00

	
	WP10-MHD-03-02-xx-01/RISO/BS
Edge Localised Modes: Magnetic Structures and Current Loss in varying Configurations
Use the 3D magnetic field probe developed for Asdex Upgrade in conjunction with probe measurements and using magnetic wall mounted probes in forward interpretative modelling of the filamentary currents, to investigate ELM filaments under different conditions, e.g. type I vs. type III ELMs, triggered vs. natural ELMs, in collaboration with IPP. This will also allow to estimate the edge loss of perpendicular momentum (respectively radial electric field) during different ELM conditions and to compare these to measurements taken recently at JET. Further the occurrence of ELM post-cursors like the Palmtree mode, and the Outer mode should be investigated experimentally, in collaboration with OAW and ENEA-RFX. 
	RISØ
	0.40
	0.00
	0.00

	
	WP10-MHD-03-02-xx-02/RISO
Edge Localised Modes: Magnetic Structures and Current Loss in varying Configurations
Use the 3D magnetic field probe developed for Asdex Upgrade in conjunction with probe measurements and using magnetic wall mounted probes in forward interpretative modelling of the filamentary currents, to investigate ELM filaments under different conditions, e.g. type I vs. type III ELMs, triggered vs. natural ELMs, in collaboration with IPP. This will also allow to estimate the edge loss of perpendicular momentum (respectively radial electric field) during different ELM conditions and to compare these to measurements taken recently at JET. Further the occurrence of ELM post-cursors like the Palmtree mode, and the Outer mode should be investigated experimentally, in collaboration with OAW and ENEA-RFX. 
	RISØ
	0.45
	0.00
	0.00

	
	WP10-MHD-03-03-xx-01/VR
Stability at high Beta: Development of resistive wall mode control methods 
Development of advanced RWM magnetic feedback control methods for tokamak and RFP in collaboration with ENEA-RFX and IPP. Modelling, mode identification, input design, implementation, and conduction of physics experiments. Experimental verification of controllers on EXTRAP T2R device. 
	VR
	1.75
	0.00
	0.00

	
	WP10-MHD-03-03-xx-02/VR
Stability at high Beta: Study of plasma rotation braking by non-resonant fields 
Systematic study on plasma rotation braking by non-resonant external fields utilizing the active control system on EXTRAP T2R. Preliminary experiments confirm that non-resonant external fields are able to damp the plasma toroidal rotation. Aim of study is to compare observed braking with estimates of NTV induced toroidal torques Comparison of experimentally observed rotation damping and estimates of NTV induced torques. 
	VR
	0.75
	0.00
	0.00

	
	WP10-MHD-03-03-xx-03/VR
Stability at high Beta: Development of tearing mode control by slow RMP 
Investigate the possibility of TM control using a slowly time varying RMP in tokamaks and RFPs and perform experiments on EXTRAP T2R. 
	VR
	0.00
	0.50
	0.00

	
	WP10-MHD-03-01-xx-01/OEAW
Sawtooth and Tearing Modes - Modelling
Development of a 3D non-linear code including the threshold and triggering physics: Modelling of long-time fast ion transport in MHD active plasmas. Modelling and interpretation of NTM physics and non-linear MHD evolution, effect of fast particles. 
	ÖAW
	0.45
	0.00
	0.00

	
	WP10-MHD-03-02-xx-01/OEAW
Edge Localised Modes: Investigations of ELM filaments under different conditions
Delivering data concerning transport of heat and particles, current and momentum during ELM activity. Contributing to the further development of models for ELM filaments, by unambiguous local data from a reciprocating probe at the midplane manipulator at AUG in collaboration with IPP. This measures all three components of the magnetic field fluctuations jointly with density and potential fluctuations. This probe will be used in conjunction with magnetic wall-mounted probes under different ELM conditions comparing these to data recently taken at JET. 
	ÖAW
	0.50
	0.00
	0.00

	
	WP10-MHD-03-02-xx-02/OEAW
Edge Localised Modes - Kinetic modelling of the shielding of external resonant magnetic field perturbations by the plasma
Model the effect of toroidal and the poloidal velocity profiles on the RMPs in a self-consistent way with the help of a 1-D transport code. Such modelling will allow to study the transitions from the state of strong shielding of RMPs to the state where RMPs penetrate into the plasma more efficiently. In addition, more experimental scenarios will be considered within this activity. In particular, JET experiments with n=2 mode (C-coil) will be addressed. If available, also new concepts for perturbation coils can be analyzed. 
	ÖAW
	2.99
	0.00
	0.00

	
	WP10-MHD-03-03-xx-01/OEAW
Numerical evaluation of neoclassical toroidal viscosity due to non-resonant magnetic perturbations
Using the drift kinetic equation solver NEO-2, which has been developed for computation of neoclassical transport in general toriodal geometry for arbitrary collisionality, solve the linearized drift kinetic equation for the case of perturbations with harmonic dependence on time and on toroidal angle which requires: (i) change of equations according to the results of analytical work; (ii) change from real to complex variables; (iii) significant speed-up of the code for stellarator applications. 
	ÖAW
	1.65
	0.00
	0.00

	
	Total
	
	27.10
	2.95
	2.00


3.3 JET related activities
JET related activities are implemented under EFDA Art.6. However some JET activities can be mentioned for information in this TA when they are closely related to the activity implemented under Art.5. JET data analysed 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.

3.4 Publications
4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, and at intermediate times where appropriate, the Task Coordinator shall present a report on activities 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)
Achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report (and intermediate reports marking substantial progress in the achievement of deliverables, if the EFDA Leader so requests) shall be prepared by the Task Coordinator and submitted to the EFDA Leader. If part of or all the activities carried out relate to JET, the Associate Leader for JET will be involved in clearing the report. These reports shall include specific sub-sections for each of the Associations involved. They shall document the degree to which the deliverables in Table 4.1 have been achieved, and shall include a breakdown of expenditure for each Association, under the headings of Annex 1. 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-MHD-03-01-xx-01/CEA
	CEA
	Report on modelling of Neoclassical Tearing Modes performed with electron and ion neoclassical viscosity tensors in non linear MHD code XTOR.
	31. Dec 2010

	WP10-MHD-03-01-xx-02/RISO
	RISØ
	Report on Experiments and measurements of NTMs after upgrading the present CTS receiver in ASDEX-Upgrade in cooperation IPP.
	31. Dec 2010

	WP10-MHD-03-02-xx-01/CEA
	CEA
	Report on simulations of non-linear evolution of ELMs in discharges from JET and ASDEX-Upgrade.
	31. Dec 2010

	WP10-MHD-03-02-xx-01/HAS
	HAS
	Report on the measurements of the changes in the toroidal current during ELMs in the COMPASS tokamak for different H-mode plasmas.
	31. Dec 2010

	WP10-MHD-03-02-xx-02/UKAEA
	CCFE
	Report on ELM control experiments in MAST, using dedicated set of off mid-plane ELM coils.
	31. Dec 2010

	WP10-MHD-03-03-xx-01/ENEA_Frascati
	ENEA_Frascati
	Report on Enhancement of the CarMa code and Application of enhanced CarMa code to ITER. Report on the Experimental validation of the CarMa code on RFX-mod.
	31. Dec 2010

	WP10-MHD-03-03-xx-03/VR
	VR
	Report on TM control using a slowly time varying RMP in tokamaks and RFPs.
	31. Dec 2010


4.3 Milestones
· Mid 2010 Activity Meetings: Collection and discussion of results obtained from the evaluation of theoretical work and experiments performed in 2009 and early 2010. 

· End second trimester 2010 Annual meeting of the Topical Group: coordinated presentation of the results from the theoretical work and 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 379.600 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 76.320 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

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
	CCFE
	WP10-MHD-03-02-xx-02/UKAEA
	0.30
	20.40
	0.00
	0.00
	0.00
	20.40
	

	
	CEA
	WP10-MHD-03-01-xx-01/CEA
	0.20
	34.20
	0.00
	0.00
	0.00
	34.20
	

	
	CEA
	WP10-MHD-03-02-xx-01/CEA
	0.50
	85.50
	0.00
	0.00
	0.00
	85.50
	

	
	ENEA_Frascati
	WP10-MHD-03-03-xx-01/ENEA_Frascati
	0.60
	135.00
	0.00
	0.00
	0.00
	135.00
	

	
	HAS
	WP10-MHD-03-02-xx-01/HAS
	0.60
	18.00
	2.00
	0.00
	0.00
	20.00
	

	
	RISØ
	WP10-MHD-03-01-xx-02/RISO
	0.25
	22.00
	0.00
	0.00
	0.00
	22.00
	

	
	VR
	WP10-MHD-03-03-xx-03/VR
	0.50
	62.50
	0.00
	0.00
	0.00
	62.50
	

	Total 2010
	
	
	2.95
	377.60
	2.00
	0.00
	0.00
	379.60
	


Annex 2: Indicative mobility Support 

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

	
	CEA
	8
	8.0
	Participation in the MHD topical group meeting.

	
	FOM_Rijnhuizen
	10
	13.0
	Participation in topical group MHD meetings.
Visits related to the collaborations with IPP, Garching and CEA.

	
	FZJ
	2
	3.5
	Participation in topical group MHD meetings.

	
	HAS
	4
	9.0
	Participation on experiments in COMPASS (IPP.CR).

	
	IPP.CR
	2
	7.0
	MHD modelling of RMPs in collaboration with CEA; Comparison of models with MAST results in collaboration CCFE.

	
	IST
	2
	2.2
	Visits related to the collaborations with CNRS-Palaiseau (Paris).

	
	MEdC
	2
	10.6
	Participation in topical group MHD meeting(s)
Visits related with the collaboration with IPP Garching.

	
	RISØ
	6
	5.7
	Installation and measurements on ASDEX Upgrade.
Interaction with experiments/Uni. Innsbruck/ENEA RFX Padova/IPP Garching.

	
	VR
	6
	4.5
	Participation in topical group MHD meeting(s).

	
	ÖAW
	12
	15.2
	Visits related with the collaborations with IPP Garching, RISØ, CCFE and IPP Greifswald.

	
	Total
	54
	78.7
	


� 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.





