Appendix 2 to IEA LT-IA Annual Report 2003
Report from Task Assignment Programmes for June 2002 – June 2003
(This report was submitted to 18th Executive Committee Meeting held at JET, 4-5 June, 2003.)

Task 1: Transport / Confinement

Research on reversed-shear and optimized shear plasmas with internal transport barriers (ITBs) has continued on JT-60U and JET.  Drs. X. Litaudon and H. Shirai have discussed the confinement and transport of double transport barriers in JET and JT-60U.  Drs. X. Litaudon and T.Suzuki have compared the formation condition of the internal transport barrier between JET and JT-60U. The newly found equilibrium of Current Hole at the extreme condition of reversed shear plasma has been studied in JT-60U and JET extensively. Drs. T. Fujita and N C. Hawkes have begun the comparison of the Current Hole.  Dr. V. Parail stayed Naka three weeks to analyze data for similarity experiment between JET and JT-60U.  He found the difference of the edge stability for two very similar discharges and pointed out a number of possible reasons (aspect ratio, mode of instability, heating power, ripple loss, heating scheme of NB or effect of wall).
Significant activity from US collaborators has continued with focusing on analysis of ITB discharges via TRANSP, the NCLASS, FULL and GS2 codes. Dr. K. Hill has presented the analyzed results of JT-60U ITB plasma at 19th IAEA Fusion Energy Conference.  Modeling work has continued on all devices to determine the appropriate model for the radial transport of heat and particles.  Both transient and steady state techniques have been used to test a large variety of theoretical and empirically based models.  Although some models have been eliminated there is as yet no preferred model.  Dr. W. Houlberg has continued with his implementation of the FORCEBAL code to aid in the development of transport tools for the analysis of JET plasmas.  The NCLASS has also been incorporated into the code JETTO.   Dr. L. Baylor has continued his activities on pellet fuelling and modeling of pellets launched from the inside, high field side, and vertical launch tubes of JET. 
Dr. J. Hogan and D. Hillis have focused on the optimization of ELM heat flux mitigation on JET using extrinsic impurities. A detailed model for ELM effects on core impurity transport in the pedestal region was developed for use in the SANCO radial impurity transport code at JET, and a study of the comparative utility of using C, N, O, Ne, Ar and Kr for mitigation studies was presented at APS (Orlando, 2002).  A 17-species version (D, C, N atoms and ions) of the solps code (B2-Eirene) has been created and used to evaluate the role of ELMs in JET divertor heat flux reduction experiments with N injection  (to be presented, EPS 2003). These modeling tools are now being applied to recently conducted JET deuterium-helium change-over experiments (May 16), which use the same 'power step' scenario in DOC-L, in order to better quantify the active exchange processes which determine tritium retention. Dr. D. Hillis has also begun the design and procurement of a new diagnostic for Helium Ash Detection in DT plasmas which will be available for JET-EP.  This new diagnostic will be jointly funded from the USA and JET.
During the past year collaborative experiments were completed on DIII-D and JET on the important issue of the scaling of confinement with . Both sets of experiments confirmed the weak scaling of B with  observed previously which is in conflict with the IPB98 scaling.  Dr. D.C. McDonald of the UKAEA traveled to GA to take part in the experiments on DIII-D. Effort is currently being focused on understanding the apparent discrepancy between these single scan results and the scaling from the database.

As for the future plan from June 2003 to June 2004, the research on reversed-shear or optimized shear plasmas with ITB, and Current Hole found in JT-60U and JET will be continued.  The relation among ITB, microinstability, ExB shearing rate and etc. will be studied further.  Also continued are the study of pedestal characteristics and its stability.  The multi-machine experiments proposed by ITPA Topical Groups will be performed extensively under IEA-LTA framework and the inter-machine collaboration will be extended in the coming new year.
Task 2: Macroscopic Stability
During the past year the collaboration has concentrated on studies related to neo-classical tearing modes (NTMs), error field induced locked modes, edge localized modes (ELMs), resistive wall modes (RWMs) and the stability of advanced operating regimes.

NTM studies have focussed on examining the marginal beta below which NTMs become unconditionally stable. The study of this process gives insight into aspects of the physics of NTMs by avoiding issues of seed island behaviour. Coordinated experiments have been conducted on JET, DIII-D and ASDEX Upgrade and will continue in June 2003 and beyond. Also for NTMs since the sawtooth instability is a principal source of seed islands for their destabilisation, particularly for the m/n=3/2 NTM, the elimination or control of sawteeth can raise the beta limit to NTMs, as shown by previous experiments on JET. Complementary experiments are now planned for 2003 on DIII-D using electron cyclotron waves.

Joint error field experiments between DIII-D and JET have commenced. The 12 new internal coils (I-coils) on DIII-D, and the new external Error Field Correction Coils on JET, give enhanced freedom to vary error field harmonics, making it timely to revisit the issue of the effects of side-band harmonics on error field driven locked mode thresholds. Data has been collected on DIII-D for the error field thresholds using different combinations of I-coil wirings. The related JET experiments are expected to occur in early 2004 and, when combined with existing COMPASS-D data, should improve understanding of harmonic effects on error field locked mode thresholds.

Dr. Sakasai had detailed discussion with Drs. S. Hotchin, S. Pinches and M. Bigi on the error field correction coils (the saddle coils and the in-vessel coils) and their power supply system. The information is very useful for design of the error field correction coils and the power supplies in the JT-60 modification program (JT-60SC).

Collaborative studies of the modelling of ELMs between JT-60, DIII-D and JET have progressed, based on the interpretation of the experiments. The mechanism of the trigger of the ELMs was clarified by the collaborative stability analysis and the model of ELMs was applied in a transport code.

Building on the understanding of RWMs gained on DIII-D, collaborative experiments have commenced on JET to study RWMs. In particular the stability of (stable) RWMs has been probed by measuring the amplification, phase shift and decay rates of applied error fields (following the successful use of this method on DIII-D). These experiments which have yielded good data will continue on JET later this year. The influence of rotation on stability is also important. A collaborative study on the injection of different amounts of momentum commenced between DIII-D and JT-60, and a related experiment will be planned on JT-60.

Research on the current hole was undertaken in collaboration between JT-60 and JET. MHD equilibrium and stability of the current hole were investigated and the formation mechanism was discussed. Collaborative research on current holes was also undertaken at PPPL. Simulations in toroidal geometry, predict that these discharges undergo n=0 reconnection events, "axisymmetric sawteeth", that redistribute the current to hold its core density near zero. Unlike conventional sawteeth, these events retain the symmetry of the equilibrium, and thus are best viewed as a transient loss of equilibrium, caused when a 1/q=0 rational surface enters the plasma.
Task 3: Divertor and Plasma Boundary
A LTA workshop was held at JET in spring 2002 to compare and discuss the ELM behaviour in the three large tokamaks, with 2 participants from JT60 and 3 from US side. A summary can be found under http://www.jet.efda.org/conf/iea-elms02/. An additional workshop was held at JET on Erosion and Deposition and Related Modelling Activities (20-21 March 02) with 4 participants from US side.

Dr. A. Sakasai discussed divertor experiments without the septum in JET with Drs. P. Andrew and C. Challis. The septum was removed from MKII-GB divertor to increase flexibility at high-p and high-triangularity operation. 
Collaborations between the DIII-D and JET programs have continued in the analysis of helium plasma operation. An LLNL scientist from the LLNL/DIII-D collaboration program participated in the helium experiments in 2002, and did UEDGE analysis of the helium plasmas as part of the experimental analysis. This work was presented at the 2002 PSI meeting. 

Collaborations has been continued in the field of particle control and helium exhaust in different divertor configurations, and for optimisation of advanced tokamak plasma operation. The helium compression, enrichment and removal depend strongly both on the divertor configuration, and on the plasma conditions such as density, discharge mode and heating scenario. In campaigns C1-C4 these studies have been performed for a number of conditions such as ELMy H-mode, high triangularity plasmas and ITB discharges in the presence of a divertor septum. These studies were repeated in campaign C5 to investigate the effect of the septum removal.
The effect of plasma drifts on the boundary plasma of DIII-D, JET, and JT60-U has been examined using the UEDGE code. The simulation results have been compared with detailed probe measurement, particularly on the JT60-U experiment. The results were presented at the 2002 PSI meeting. The simulated plasma parallel flow was reasonably consistent with experiment on the high field side of the plasma, but somewhat poorer on the top and low field side. Work is continuing to better understand the differences between measurement and simulation. In addition, we have begun a code benchmarking effort to make detailed comparison of simulations of a JET discharge with UEDGE, SOLPS, and EDGE2D.
Various tokamaks observe large cross-field transport in the SOL which can be much higher than expected, possibly leading to radial fluxes competing with flow into the divertor. These processes have been investigated by means of probe measurements and wide angle CCD overview observations under different plasma configurations, wall clearances,  and main chamber neutral pressure versus divertor pressure. It has been found that the SOL ne profiles flatten with increasing<ne>, in common with C-Mod, although the effect is less pronounced on JET. The corresponding JET outer SOL ionization source profile shape stays roughly self-similar as <ne> is increased (it broadens in C-Mod). The neutral penetration, as measured by the neutral mean free path normalized to minor radius, is at least a factor of 2 larger in JET than C-Mod. The implications of these differences will be further explored. 

Collaboration on QH mode experiments were carried out in connection with Task Force S1 and Task Force E. Two scientists from the US participated in QH mode experiments on JET. (Punit Gohil, C. Lasnier)
Dr. A. Whiteford calculated soft-X ray emission rate coefficients for Kr and Xe. The rate coefficients were used for analysis of Kr and Xe transport at internal transport barriers in JT–60U reversed shear plasmas. The analysis showed that high-Z impurity accumulated inside the internal transport barrier.  
Dr. K. Hill analysed thermal transport and microinstability characteristics of high-density H-mode plasmas with and without impurity puffing in JT-60U. These plasmas had a normal divertor configuration and a configuration with the outer divertor strike point on the dome. Mechanisms leading to improvement of confinement in Ar-puffed plasmas were investigated with TRANSP code and GS2 code. The results were presented at the IAEA Fusion Energy Conference in Lyon. 
Dr. N. Asakura joined JET experiments conducted by the Task Force-E Group, where the influence of removing the private septum on the divertor plasma was investigated Dr. Asakura had discussions about neutral compression in the divertor and in-out asymmetry of the divertor plasma with Dr. W. Fundamenski. He discussed the SOL plasma flow pattern in JET and JT-60U with Dr. K. Erents. They agreed to make a proposal for multi-machine comparison of the SOL flow and its effect on impurity transport under the IEA-LT/ITPA collaboration.
Task 4: Fast Particle and Current Drive
Alfvén Eigenmodes in AT plasma

Increased understanding of AE modes in reversed and weak magnetic shear profiles has been a major product of collaborative programs this year.  Scientists from the US, EU and Japan have been actively cooperating to understand the nature of previously poorly understood chirping mode activity in AT regimes. A new model, the reversed-shear-induced Alfven Eigenmode (RSAE), has been developed in collaboration with PPPL to interpret fast frequency chirping Alfvén Eigenmodes (EAs) observed in reversed shear plasmas in JT-60U.  The chirping and roll over of the frequency of NNB an RF driven AEs observed as qmin decreases can now be explained by transition from RSAE to the TAE. These results were presented as a joint paper (M. Takechi, et al.) by Japan and US (PPPL) in the 19th IAEA Fusion Energy Conference, Lyon, October 2002.  Motivated by this work, PPPL scientists reanalyzed the original description of alpha particle driven instabilities in the Tokamak Fusion Test Reactor (TFTR) in terms of Toroidal Alfvén Eigenmodes (TAEs).  In a collaboration with JET scientists, the inconsistency with the variation of the mode frequency with toroidal mode number and the anti-ballooning density perturbation of the modes in TFTR have now been resolved.  Based on the new interpretation of AEs in reverse shear plasmas in JT-60U and JET (called Cascade modes), it is now shown that the TFTR data can best be explained by the transition form RSAEs to TAEs as q0 decreases.  This result, derived in collaboration with JET scientists, has been submitted to PRL.  In addition, the interaction with PPPL scientists has led to a reevaluation of the JET Cascade mode theory.  These modes were originally thought to be EPMs, but the work at PPPL with the CASTOR and the NOVA-K code has shown that these modes also exist in the Ideal MHD limit.  This reanalysis was motivated by the understanding that such modes must necessarily be perturbative in the TFTR alpha TAE experiments due to the very low fast particle drive.  In a recent development, Alfvén cascades are now successfully used on JET for diagnosing the so-called "ITB triggering events", by resolving that ITBs are triggered near integer q-surfaces.  These ITB triggering events look like sudden increases of electron temperature slope, 
[image: image1.wmf], from which the ITB starts.  Additionally, it has been shown theoretically that Alfvén cascades are consistent with both weak as well as strong fast ion transport.  Above the threshold for the onset of resonant EPMs, strong fast ion transport occurs in "avalanches". Future work will address the possibility of using experimental measurements of Alfvén cascades to characterize the fast ion distribution and the power density threshold for the transition from weak to strong fast ion transport. 

NNB current drive on JT-60U

The performance of the NNB system has progressed dramatically in the past year through collaboration between JAERI and PPPL. A 10 second injection of 2.6 MW at 360 keV was obtained by modifying electrodes in the ion source. 
Sawtooth control with ICRH

Sawtooth control techniques with ICRF power at the fundamental and the second harmonic of H have been developed on JET.  Scans have been made in the resonance location, H concentration and antenna phasing. In these experiments, two of the four ICRH antennas are used to generate on-axis fast particles, to stabilize the sawteeth, whilst the other two drive current at the q=1 surface, to destabilize them.  These results are being analyzed with the participation of US fast ion specialists.

Task 5: Tritium and Remote-Handling Technologies

PPPL/EFDA-JET cooperation: The testing of a method for ex-vessel detritiation of JET CFC tiles exposed to tritium plasmas is being developed. The preparatory work has been completed at PPPL and tests will be carried out soon. The aim is to assess the efficiency of tritium removal using decontamination and heating provided by oxygen-methane burner. The fraction of tritium which can be removed from the surface and bulk of the tiles, rate of tritium out-gassing before and after detritiation will be evaluated. Several systems, developed at PPPL and sent to UKAEA, include an Oxidative Tritium Decontamaination System (for which arrangements are being made to permit its testing with JET soft waste samples) and a PIN diode tritium detector (which will be tested by JET Health Physics). A full day of Remote Handling time has been included in the plan for the JET 2004 shutdown to carry out laser de-tritiation of Outer Poloidal Tiles using equipment developed at PPPL.

LANL/EFDA-JET cooperation: The design of a water detritiation facility for JET is being carried out under an EFDA Fusion Technology Project. As a part of this package, columns for hydrogen isotope separation by cryogenic distillation need to be designed and the cost for construction evaluated. Cryogenic distillation columns of overall separation factor 100,000 or larger and with feed flow rate of 100mol/h would be needed. LANL, having a large experience in design, optimisation and operation of cryogenic distillation systems for separation of hydrogen isotopes, could provide a very valuable contribution. This is under discussion. In addition, the key focus of the US tritium program has been to stabilize the Tritium Systems Test Assembly which is scheduled for completion during 2003.

JAERI activities: Tritium analysis and detritiation study of TFTR D-T plasma facing tiles were started comparing JT-60 D-D tiles. High energy density UV laser irradiation is also planned in this study, which has proved to be effective for the removal of co-deposited layer in the experiment with JT-60 H-H tiles. Systematic experiments on the behaviour of tritium in JT-60 have started, and various cleaning techniques of the vacuum vessel have been tested for the removal of hydrogen isotopes. Results of the first series of experiments were presented in IEA LTA Workshop W51. As a second series, the effect of air purge was investigated. Waste management at JT-60 was summarized and presented in IEA LTA Workshop W53.

JAERI/PPPL cooperation: In the area of developing technologies of tritium removal from plasma facing components, the applicability of fiber to YAG laser irradiation for detritiation was successfully verified. The activity was performed in February 2003 based on personnel assignment JU93. Further cooperative activities are planned to include a tritium analysis and detritiation study on TFTR D-T tiles together with JT-60 D-D tiles and a study of behaviour of tritium in JT-60.

JAERI/EFDA-JET cooperation: In the area of developing effective and reliable plasma exhaust gas processing techniques and research on tritium management in tokamaks for the future D-T burning machines, various R&D work is in progress, and useful information exchange to perform this R&D work effectively has been made. The activity was performed in February 2003 based on personnel assignment JE127. A further cooperative activity is planned in this area.

UKAEA/PPPL cooperation: Concrete cores from the walls of the JET Torus Hall have been analysed for tritium by the UKAEA. A comparative analysis by PPPL will allow PPPL to consider whether it will be possible for the concrete to be treated to reduce the tritium content so that it could be free released and whether it would be possible to undertake the necessary detritiation tests. The tritium is only in the boronated concrete on the inside of the Torus Hall and its level is low - typically in the range 1 to 10 Bq/gram.

JAERI/PPPL future co-operation: US developed a technique of carbon dust collection from the vacuum vessel, and this was already applied in TFTR and EFDA-JET. It is planned that JT-60U carbon dust is sent to US (INEEL) and analyzed there. A probable candidate of the analysis is Dr. Phil Sharpe (INEEL).
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