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By the EFDA Associate Leader for JET

Background

Following the request of the EFDA STAC, the EFDA Associate Leader for JET started in 2010 the preparation of the scientific case for a DT Campaign at JET. A working group was formed in May 2010 with the Terms of Reference specified in Annex 1, as reported at the 32nd  meeting of STAC (see EFDA STAC (10) 32/3.6). The working group has prepared a comprehensive report in interaction with the EFDA TG and TF and the JET Operator which is attached as background information (see Annex 2). A summary of the present status of the elaboration is reported below.

Recommendation

The EFDA STAC is invited to note and comment on the present status of the elaboration of the scientific case for a DT Campaign at JET
Preparation of the scientific case for a DT Campaign at JET

By the EFDA Associate Leader for JET

Operating JET with deuterium-tritium would be the concluding phase of a five year “JET Programme in support of ITER”, following a full characterisation of the ITER-like wall during 2011-2012, and the expansion of the ITER regimes of operation to their full performance with the ITER-like Wall in the period 2013-2014.

A deuterium-tritium campaign at JET will focus on the following areas:
· Demonstration of low fuel retention with tritium.

· Demonstration of effective means of tritium recovery. 

· Investigation of material erosion, migration and dust (containing tritium). 

· Assessment of the influence of isotope mass on access to H-mode and high confinement.

· Assessment of the influence of isotope mass on edge pedestal characteristics, ELMs and their mitigation.

· Assessment of the influence of isotope mass on “hybrid” and “steady state (ITB)” scenarios. 

· Test of ICRF scenarios for heating of DT plasma.

· Study of alpha particle behaviour.

· Demonstration of DT relevant diagnostics and neutron calibration techniques. 

The collective results obtained in the areas outlined above, would provide the best possible basis in support of the ITER Research Plan that has an aggressive approach to Q=10. A DT phase at JET could significantly contribute to the seven R&D missions introduced by the facilities review in 2008. Moreover, these studies would give important new results compared to the DTE1 Campaign in 1997. 

The DTE1 Campaign produced up to 16.1 MW of fusion power transiently in an ELM free H-mode at Q(0.6 and 4 MW in stationary H-mode conditions at Q(0.18. Extrapolation of JET plasma performance to DT operation with the EP2 power upgrade leads to the following estimates for total fusion gain:
· Q~0.16-0.2 for ELMy H-mode plasmas at 4.5MA/3.6T (based on existing plasmas at 3.8-4.5MA)

· Q~0.3-0.5 for hybrid plasmas at 3.5-4.1MA/3.45-4.0T (extrapolating from existing plasmas at 1.7MA/2.0-2.3T)

· Q~0.1-0.4 for AT plasmas at 1.8-3.4MA/2.7-3.5T (supplementing results from existing plasmas with predictive modelling benchmarked at 1.9MA/3.1T)

For 40 MW of input power, the fusion power is predicted to be in the range 8 to 20 MW, in steady conditions. To obtain QDT~1, it would be necessary to achieve H98~1.3-1.5 at 5MA. The ELMy H-mode and hybrid extrapolations are based on plasma scenarios that have been already achieved in steady conditions for several energy confinement times. The duration of steady Advanced Tokamak plasma conditions would need to be extended compared with present experiments. 
The DTE1 Campaign pointed out a strong isotope scaling of the H-mode threshold. However, most DTE1 data were obtained in non-stationary conditions. Furthermore, no data are available with an ITER-like metal wall, which is likely to provide a significantly different operating environment than the carbon wall in DTE1. Vessel conditions are also known to affect the L-H threshold, justifying a revisit of the isotope effects on the transition in the ILW. Dedicated experiments in hydrogen, deuterium, tritium and deuterium-tritium mixtures will bring key results for reliable isotope mass scaling for the threshold to access edge and internal transport barriers and for the energy confinement scaling in stationary ELMy H-mode, hybrid & advanced scenarios. For hybrid and advanced scenarios no data are available from DTE1. These regimes and their (q-profile) control requirements have been developed on JET during the last 10 years. Reliable separation of isotope scaling into pedestal and core components can be obtained thanks to the significantly enhanced diagnostic capability of JET since DTE1. Results on the isotope mass scaling for ELM size and frequency will provide input for ELM mitigation techniques in T and DT plasmas, complemented with data for hydrogen, deuterium and helium. 
Experiments in DT at high performance will also provide:

· An assessment of alpha particle heating in stationary conditions. This includes the classical electron heating and the direct ion heating through the so called “alpha channelling” effect, possibly already observed during the DTE1 as well as the effect on impurity and particle transport.

· Documentation of the interaction of alpha particles with core MHD, such as fishbones (generated by heating ions), NTM’s and sawteeth.

· Measurement of TAE spectra in ITER relevant scenarios and measurement of alpha particle drive on TAE modes for TAE code validation.

· Measurement of transport produced by unstable TAE modes in advanced modes of operation with elevated central q-values (q0~2). 
During DTE1, Alfvén Eigenmodes were identified in advanced scenarios with elevated central q-values, in so called ‘switch-off’ experiments (stepping down the additional heating power). Calculations suggest that under these conditions alpha particles were the dominant drive for Alfvén Eigenmodes.
The effectiveness of ICRH scenarios in DT for plasma heating in ITER will be demonstrated and quantified through the full characterisation of the 2nd harmonic tritium heating scheme (a specific goal being the determination of the minimum level of 3He required to provide effective ion heating). In addition, deuterium minority ICRH in tritium-rich plasma should be assessed, a scheme that maximises the alpha heating in establishing the H-mode in ITER. JET discharge conditions during the current flat top offer absorption conditions for ICRF similar to the ITER ramp-up phase. By using tritium beam injection, the absorption conditions for the flat top phase of ITER can be reproduced, allowing a thorough assessment of the impact of these scenarios on H-mode accessibility and fusion performance, and the parasitic absorption effects by impurities and alpha particles.
An extensive fusion technology programme can be conducted in parallel with a DT programme, covering tritium retention with ITER-like wall, including retention by co-deposition, formation of (tritiated) dust, the study of long term retention by taking samples and the validation of tritium accountancy methods. Tritium removal techniques will be assessed in view of their application in ITER: 

· Clean-up discharges.
· Divertor bakeout.
· ICRH glow discharge cleaning.
· Hot and cold temperature venting.
· Laser detriation in the divertor area.
A DT campaign at JET can give a 14 MeV neutron flux in excess of 1012 n/s·cm2 and a fluence in excess of 1014 n/cm2 on the first wall, which are significantly larger than that achievable in any other existing experimental facility. This would allow testing of ITER calibration procedures for neutron diagnostics and irradiation tests of ITER relevant material samples to study neutron damage and test breeder blanket mock-ups as well as the validation of neutron transport and vessel activation codes.

The recent JET enhancements fully support the DT programme elements outlined above as the ITER-like Wall is designed to allow high input power and maintenance by remote handling. The high power neutral beam operation in hydrogen (16 MW), deuterium (34 MW), tritium (35 MW) and helium (24 MW) for 20 s is crucial for performing hydrogen isotope scaling experiments (including tritium). A total power of ~45 MW would be available, including ~7MW of ICRH and ~3 MW of LHCD. The power handling limits of the Be-wall and W-divertor are not expected to restrict the JET operating space with the available input power, provided the ELM energy loss is kept below ~0.6 MJ. 

Since DTE1, the JET diagnostics for profile measurements have been substantially upgraded in spatial and temporal resolution and new diagnostics, e.g. High Resolution Thomson Scattering and reflectometer systems, have been installed to provide accurate measurements of the core and pedestal in experiments on isotope dependence, the documentation of ITER-regimes of operation in DT and heating and confinement studies. The JET diagnostics for fusion products (neutrons, gamma rays, lost alpha scintillators and TAE antennae) are of direct relevance to ITER. They provide information on the alpha population, alpha losses and allow discriminating between neutrons from DD, DT and TT reactions for inferring fuel ratios. 
For the execution of the DT campaigns at JET ~60 g of tritium are required, the amount of tritium currently on-site is ~6.3 g. The vessel activation resulting from DT operation would allow manned entry into the vessel 1-2 years after a DT campaign  with a 14 MeV neutron budget up to 3x1020 (similar to DTE1). Only remote handling operation would be allowed following a campaign with a 14 MeV neutron budget > 3x1020, with 17x1020 being the JET Implementing Agreement limit.

The DT campaigns would start after a shutdown and restart period. The sequence of experiments would begin with operation with 100% hydrogen, followed by operation using 100% tritium, with both neutral beam boxes converted to hydrogen and tritium respectively. Depending on the available DT neutron budget and the scope, either a limited DT campaign of ~1 month (3x1020 neutrons) or an extended DT campaign of ~6 months (up to 17x1020 neutrons) would be possible. An ITER-relevant cleanup phase would follow with some final reference discharges for isotope and retention studies. A period of 6 months after the DT campaigns is required to allow entry for sample removal and for essential diagnostic (neutron) calibrations.

The preparation of the DT campaigns at JET should continue, as:

· The compatibility of ITER regimes of operation with the ITER-like Wall needs to be confirmed and is planned for the period 2013-2014; the DT phase being the culmination of the full exploitation of the EP2 enhancements.

· Key elements of the fusion performance projections need to be investigated and validated prior to a DT campaign, such as the potential for achieving high plasma confinement and high plasma density, the control of plasma density, impurity levels and (target) q-profiles.

· The simulation of high performance scenarios (provided by the performance projections described above) are currently being used for detailed code calculations performed by the ITPA Topical Group on Energetic Particles to provide clear answers as to the studies that should be performed at JET on TAE’s in the presence of alpha particles.

Annex 1. Terms of Reference of the Working Group
	“Establish the scientific potential of a DT Campaign on JET carried out after the exploitation of the ILW with particular reference to scenario development (isotopic effect), collective MHD instabilities and plasma wall interaction (tritium retention) in view of the preparation of the ITER exploitation. The programme should be developed on the assumption that the ILW is still in place, although the possible consequences of the replacement of the solid W base plate with a W-coated LBSRP should also be evaluated.”

“Evaluate the maximum performance achievable (Q, fusion power/energy, etc.) on the basis of the extrapolation of the present JET results.”

“Estimate the neutron budget that would be required to achieve the above two programme goals. Evaluate the impact on the programme of restricting operation to within the present neutron budget of 2x1021 as defined in the JIA.”

“Evaluate the experimental preparatory activity to be made during the ILW exploitation period to ensure an effective execution of the DT Campaign.”

“Assess the needs in the key programmatic interface areas (neutron budget, number of beam boxes in T, ICRF, LH, pellet & diagnostic requirements, etc.) identified by the working group on Maintaining JET Tritium Capability.”

“Assess the impact on the proposed programme of the presently defined safety case restrictions, in particular with regard to the site tritium limit (90 g) and limits on the amount of tritium stored in systems outside the AGHS. “

“Preliminarily evaluate an optimal sequence of trace tritium, DD, full tritium and DT phases, in particular in the case of further enhancements installation in the pre DT shutdown (e.g. ECRH and RMP).”

“Provide an intermediate report at the beginning of October 2010 and a final report by December 2010.”

“Composition of the group: G. Sips (Chair), H. Weisen, C. Challis. Advice of the JET and EFDA TF and TG will be sought.”


