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M. Wade
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: Expert
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: Expert
The Twenty Third Executive Committee Meeting for the IEA Implementing Agreement on Cooperation among Large Tokamak Facilities was held at General Atomics, San Diego Building 7, Room 217 in 3 - 4 June 2008. This meeting was held jointly with the ExCo meeting of IEA Implementing Agreement on Tokamaks with Poloidal Divertors; (PD).  The participants by the IEA PD ExCo are shown as experts above.
A. MEMBERSHIP AND CHAIR


The Committee elected Dr. E. Oktay as the chairman until the next meeting (Dr. M. Kikuchi had been replaced by Dr. M. Mori after 23rd ExCo meeting. Dr. S. Clement-Lorenzo had been replaced by Dr. R. Giannella). The present members of the Executive Committee are shown in Appendix A.

B. ADOPTION OF AGENDA

The Committee adopted the agenda, which is attached as Appendix B. 

C. REPORTS ON THE STATUS AND PLANS OF EACH PARTY 
The status and plans of the fusion programs of EU (EFDA-JET and AUG), U.S. (DIII-D, C-MOD, and NSTX), and JT-60U were presented by Drs. M. Watkins, J. Schweinzer, E. Oktay, (T. Taylor, E. Marmar, and R. Hawryluk), and Y. Koide. The status reports are attached as Appendix C. Also, the status and plans of KOREA (KSTAR) was presented by Dr. M. Kwon. 
The list of Task Coordinators are appended in Appendix D1. The activities of the Tasks (submitted reports) are attached in Appendix D2. The presentations from each device will be uploaded on the LT web page.
The detailed presentations will be uploaded on the following Web-site;

http://www-jt60.naka.jaea.go.jp/lt/
D. Technical Session
       The ITER issues in terms of programs on PFC materials and experiments in each device were reported; C-Mod results (E. Marmar), AUG results (J. Schweinzer), JET plan and preparations for ITER-like wall project.  Also issues in terms of international plan for ELM-Control studies were reported by M. Wade (for A. Leonard). Furthermore, Experiments for the last operational campaign on JT-60U, including present plan and schedule, were reported by M. Kikuchi.

D-1. ITER issues #1 PFC material and experiments

The latest experimental results from C-Mod and ASDEX Upgrade (AUG) were presented by E. Marmar and J. Schweinzer, respectively, followed by a presentation of M. Watkins dealing with the JET project for an ITER-like wall. 

A major part of the C-Mod report dealt with the effect of RF-enhanced sheaths which result in ICRF impurity production. This ICRF sheath enhancement appears on field lines that are connected to the active antenna. Probe measurements point to 100V/1MW ICRF which accelerate D+ above the sputtering threshold for Mo. Even more dramatic is the energy gain of low Z impurities which increase sputtering of Mo and B layers. The attempt to reduce Mo influx and thus to improve plasma performance by replacing Mo antenna limiters with insulating BN tiles was not successful. By mapping of open field lines possible source locations have been identified. 

The experience on ASDEX Upgrade with ICRF heating in an all-tungsten device is very similar to the C-Mod results. A strong increase of W erosion on the antenna limiters as well as of the central W concentration goes along with ICRF heating. In the discussion in became clear that a high-Z wall together with the present day design of ICRH antennas is not a solution for ITER or DEMO. Plans exist on both C-Mod and AUG to improve the antenna design.

The second important topic in this session concerned the issue of hydrogenic retention in metal walls and its comparison with carbon. After the 2007 operation of the all-W AUG, surface analysis of divertor tiles showed that 0.3% of the injected D2 gas was retained in W tiles. On carbon PFCs typically 4% of the injected D2 gas was found in previous campaigns. Thus, long term D2 retention is in the all-W AUG reduced by one order of magnitude. The D-inventory in the all-W AUG is dominated by D2 trapping in the outer divertor rather than by co-deposition in carbon/boron layers on the inner target tiles. The avoidance of boronisations during 2007 provided a clear test bed for these post campaign investigations, because co-deposition with B would increase the D inventory significantly. Gas balance measurements (rather high error bars) on a shot by shot basis showed a similar reduction of D retention. In addition, a clear wall saturation at very high D2 levels was observed.

The C-Mod presentation dealt with gas balance measurements on a shot by shot basis. No saturation effects have been observed. High fractions of retained D are found. The long term retention was reported to be close to zero which is explained by an effective removal of D caused by regular disruptions. Due to this effect the net long-term retention on C-Mod is close to zero. In 2011 C-MOD will start operation with a heated (600 oC) W divertor. Comparing the retention results from AUG and C-MOD the most striking difference is the effect of disruptions on C-MOD’s long-term D inventory.

M. Watkins reported on the status of the ITER-like wall project of JET. In June 2009 a shutdown will start with the aim to install a tungsten divertor together with a Be main chamber wall. In the second half of 2010 JET operation will resume. This project together with the AUG tungsten programme demonstrates the strategy of the EU to prepare the use of W as a first wall material in ITER since a tungsten first wall is at present the sole candidate for DEMO though there remain unsolved issues.

In the discussion the US (T. Taylor, GA) seemed to be disappointed by ‘only’ a factor of 10 less D retention measured in the all-W AUG compared to a carbon dominated inner wall. There was a discussion how this result extrapolates to ITER. The amount of D trapped by co-deposition with carbon increases linearly with particle fluence (or time), while the amount of D trapped in W increases only with the square root of fluence. This behaviour results from laboratory experiments and will lead to an even more pronounced reduction of the D inventory in a long-pulsed W machine compared to one with carbon tiles. In addition, higher wall temperature in ITER will lead to less D retention.

Japanese side (M. Kikuchi) questioned whether JET will continue with their W divertor plans, keeping in mind that the outcome of the AUG programme might be negative. The group was quite surprised by this question and did not interpret the present AUG results as negative. 
Both carbon and tungsten have issues as a material for the divertor/first wall in long pulse burning plasma experiments and further research is needed to resolve these issues.
D-2. ITER issues #2 PFC ELM Control
M. Wade presented for A. Leonard and the ITPA Pedestal Physics Working Group the research and development plan for developing ELM control capabilities for ITER as developed and proposed by the ITPA Pedestal Working Group. This plan included activities aimed at improving the physics understanding of established ELM control techniques and their impact on other aspects of ITER scenarios as well as research activities that could lead to new means of ELM mitigation/suppression in ITER.  The primary ELM control techniques that are presently being pursued for use on ITER include ELM pacing using pellets, the use of resonant magnetic perturbations (RMPs), pellet pacing, and the exploration of small or ELM-free H-mode regimes. 

M. Watkins inquired as to the process through which this plan was requested and developed.  M. Wade indicated that the formal request was made by the ITER IO physics team based on a recommendation from the ITER Science and Technology Advisory Committee (STAC).  T. Taylor indicated that the STAC recommendation was made in response to the ITER IO’s determination that ELM control was a “mission-critical” issue for ITER and the associated recommendation for the implementation of non-axisymmetric RMP coils in the ITER design.  M. Wade commented that this is new method of operation for the ITPA working groups.  Previously, physics topics for the ITPA had primarily determined their physics topics in a bottoms-up grass root means.  The definition of a physics topic to be focused on by the ITPA by ITER management is a first.  It was agreed by the group that this was an appropriate means of defining the ITPA activities and the associated joint experiments given the importance of ITER in international fusion development.

M. Kikuchi suggested that joint research be considered between DIII-D and JT-60U to develop a common physics understanding of the role of rotation on ELMs.  Experiments on JT-60U have shown that the ELM character changes significantly as the rotation is varied with small ELMs observed in counter-rotating plasmas.  This suggests that the ideal MHD picture of ELMs may not be adequate in describing all aspects of the ELM onset and character.  T. Taylor indicated that DIII-D does not see a significant difference in the type 1 ELM character based on rotation alone.  Therefore, more experiments are needed to reconcile the DIII-D and JT-60U observations.
Therefore, more experiments are needed to reconcile the DIII-D and JT-60U observations.

E. Marmar suggested that the scope of the plan not be solely focused on H-mode plasmas as C-mod had recently obtained good confinement in plasmas that appear to have an L-mode edge with respect to particle transport, while having a substantial temperature pedestal. These experiments are performed at high input power and low q95 (~3), with the grad-B ion drift direction away from the X-point.  The committee was open to this suggestion.
E. REPORTS ON THE COMPLETED WORKSHOPS AND PERSONNEL 

     ASSIGNMENTS FOR JUNE 2007 – MAY 2008
Workshops and personnel assignments completed in the period of June 2007 - May 2008 are listed in Appendix E1. Two workshops on “6th joint WS of LT (W66) PD and Textor IA's on implementation of the ITPA Coordinated Research Recommendations”, and “Control of ELMs and RWM linked with US-Japan WS” (W67) were carried out. The total number of personnel assignments completed in the period was 25. One PA was participation (more than 4 weeks), and the others were for review tours (less than 4 weeks) (see Appendix E2). Subjects are summarized as follows (see Appendix E3):  Task 1 (Transport and ITB Physics) was 4 (16%); Task 2 (Confinement database and modeling) was 1 (4%); Task 3 (MHD, disruptions and control) was 5 (20%); Task 4 (Edge and pedestal physics) was 4 (16%); Task 5 (SOL and divertor physics) was 0 (0%); Task 6 (Steady State Operation) was 2 (8%); Task 7 (Tritium and RH Technologies) was 0 (0%); and Task 8 (Other) was 9 (36%). The reports on the workshops (FORM C) and the short reports for review tours are attached as Appendices E4 and E5, respectively. 

We should enhance the task activities, especially for Task 5 and 7.
F. PROPOSALS OF WORKSHOPS, PERSONNEL ASSIGNMENTS AND REMOTE PARTICIPATION FOR JUNE 2008 – May 2009 
Proposed Workshops and Personnel Assignments for June 2008 - May 2009 are listed in Appendix F. This includes one postponed Workshop as a new one (W68: “Development of high βN scenarios for ITER”). The Committee discussed these proposals and authorized their implementation. 
G. GENERAL DISCUSSION ON COOPERATION
~Restructuring of the tokamak related IAs (LT, PD, and PWI in TEXTOR).~
A brief background; this topic has been discussed by the ExCos of the three IAs and by the IEA Fusion Power Coordinating Committee (FPCC) for the past ~ 5 years.  The key motivations for these discussions at different times have been:

· Increased coordination of activities among IAs in preparation for the ‘ITER Accompanying Program’

· Improved efficiency by reducing the number of IAs in the FPCC 

· Inclusion of new tokamaks (KSTAR, EAST, SST-1) coming into operation in the international fusion program

· Enhanced collaboration on Steady State issues

· Providing sponsorship for the International Tokamak Physics Activity (ITPA) as the international fusion community enters the new ITER era and the operation of ITPA under the IAEA auspices ends.

Brief summaries of these discussions have been documented in the minutes of the ExCo and FPCC meetings over the past several years. The last set of discussions were held during the FPCC meeting on February 27-28, 2008, just as the ITER Organization announced the future ITPA operations under the ITER auspices. 
The consensus of these FPCC discussions was:

· The three technology oriented IAs on  Nuclear Fusion Reactor Technologies (NFTR), Fusion Materials (FM), and Environment-Safety-and Economics (ESE) would remain separate because their activities are too different to be  carried out in a single IA;

· The IAs on alternate concepts on Reversed Field Pinches, Stellarators, and Spherical Torii did not want to merge because they have more in common with tokamaks than among themselves.

· The tokamak related LT and PD ExCos would be interested in merging; the PWIT would transform itself into a PWI topical IA for tokamaks and stellarators rather than being limited to TEXTOR. The FPCC asked the ExCos of these three IAs to discuss this matter further since the consensus at the FPCC meeting was reached among the ExCo Chairs/Co-Chairs only. The FPCC asked to have a more definitive consensus on this matter for inclusion in the new FPCC mandate to be submitted to the IEA Committee on Energy Research and Technology (CERT) in October 2008.   

Consensus of the June 3-4 meeting:
Following the FPCC recommendations, the participants at the LT and PD ExCo meetings discussed these issues with an aim to develop a consensus on the future direction of the tokamak IAs, for further discussion with the following absent members of the LT and PD ExCos, and with Uli Samm, the Chair of the IEA PWIT IA,  within a month:

· LT: Francesco Romanelli

· PD: Hartmut Zohm, Otto Gruber, G.S. Lee, J-H Han

The consensus of the June 3-4 meeting is as follows:

“The LT and PD ExCos wish to create a new IEA Tokamak Implementing Agreement, and invite the PWIT to join this IA. While these two ExCos respect the wish of the PWIT to extend its activities on PWI on tokamaks and stellarators,  they note that this topic is an integral part of activities in both the LT and PD collaborations and these would be duplicative if the PWIT did not join the new Tokamak IA. The LT and PD ExCos note that the special area of plasma-surface interactions studied in linear devices such as Magnum PSI and Pisces, in particle beam-based high heat flux test facilities such as GLADIS and in the material sample exposure program planned for TEXTOR would benefit from a coordinated collaborative activity in the IEA FPCC.  These activities might be better carried out under the PWI annex of the IEA NFT IA or, possibly, a newly formulated version of it’.

If the PWIT ExCo agrees to join a single tokamak IA, a small committee of the three IAs would be asked to carry out the following action items to implement the consensus:

1) The process to achieve a single tokamak IA, either through modification of one of the agreements or by starting a new agreement;

2) Identify a list of Parties that would participate in the IA, and the tokamak facilities in those countries

3) Establish a drafting committee to 

a) develop a list of scientific tasks and procedures for operations in the IA.  (This work was started at the June 3-4 meeting by adapting tasks from the existing tokamak agreements.  This draft includes a statement on including implementation of ITPA joint experiments as being one of the roles for the new Tokamak IA).
b) Describe operational and management procedures for the Executive Committee

If the PWIT does not wish to join a single tokamak IA, the LT and PD ExCos would proceed with the establishment of a single Tokamak IA to include all tokamaks except TEXTOR. 

A new issue arose in these discussions on interactions of the proposed Tokamak IA with the Spherical Torus IA.  It was noted that a new ST agreement became operational in 2007 and that it fosters collaboration and community building among a variety of experimental groups of different sizes, including some experimenting on very small size devices.  The two major STs in the ST IA, MAST in EU and NSTX in the U.S., participate in ITPA-IEA joint experiments extensively.  Thus it would be appropriate to enable MAST and NSTX to participate in joint experiments within the proposed Tokamak IA.

The aim is to provide a final consensus of the three tokamak related IAs on their future direction to the FPCC in September 2008 for inclusion in its new Mandate, for submission to CERT in October 2008. The preparations for a new tokamak IA would then start after CERT action on the proposed FPCC Mandate, in close coordination with the IEA secretariat of the FPCC.

A further update of this consensus will be provided to the ExCos of the three tokamak IAs following the informal discussions around the ITPA CC meeting at Aix en provence on June 30-July 1, 2008.
2) Remote Televideo Participation: A few of the IEA LT exchanges from DIII-D to JET include several remote participants from DIII-D to accompany a lead DIII-D participant on site at JET.  A written process should be developed to guide such remote televideo participation, and the names of the remote participants should be included in the ‘Form A’ used to approve the travel of the lead collaborator for the exchange.

In general, remote televideo participation should be encouraged to minimize travel and gain experience in the ‘sociology’ of remote participation.  With the increased scientific interactions among the fusion communities and the need to prepare for remote participation in ITER, the current collaborations provide the opportunity to develop this tool.  

3) Sponsorship of IAEA TCMs:  The IAEA recently announced that it would reduce its fusion activities and discontinue sponsorship of two TCMs on H-Mode and Energetic Particles.  These TCM’s, held every two years, have been ongoing for over ten years.  The last H-Mode TCM was held in Japan in February 2008 and it attracted about 200 participants.  The ITPA Topical Groups on Transport Physics and Confinement Database hold their workshop immediately after the TCM, to benefit from the broader expose of H-mode issues at the TCM. A benefit of these TCMs is the publication of the TCM conclusions in refereed journals that contributes to the dissemination of fusion knowledge.

The ExCos discussed the pros and cons of the three IAs taking over the sponsorship of these two TCMs.  The consensus is that IAs should sponsor these TCMs, which provide the basis for travel of scientists to the meetings. Discussions will be held with the IAEA to explore joint sponsorship under the IEA procedures.
The IAEA TCMs in the past helped the Nuclear Fusion journal to reduce periodic (two year cycle due to IAEAFEC) fluctuations of number of paper submissions through the cluster papers and special issues on various IAEA TCMs. The chair of Nuclear Fusion Board of Editors, M. Kikuchi expressed his wish that IEA IA’s and ITPA’s proposals on cluster papers/special issues to compensate reduction of IAEA activity on TCM. 

4) Exchange of information on selected critical issues for ITER: Considering that the programs participating in the IEA LT/PD IAs have much to contribute to ITER physics issues, two topics were selected for some information exchange at this meeting.  These were on  ‘PFC materials and experiments’ in C-MOD, ASDEX-U, and JET, and on ‘ELM Control issues’.  These discussions were useful and feed into the planning of future scientific exchanges.

5. End of JT-60U and start of KSTAR: It was noted that one of the three original members of the IEA Large Tokamak Facilities, JT-60U, will be shutdown at the end of this August, to be replaced by the JT-60SA, which is expected to start operations in about seven years.  The participants discussed the plans for the last set of experimental campaigns on JT-60U before its permanent shutdown.  It was also noted that the newest tokamak in the international community, KSTAR is in its commissioning phase for first plasma in the next few weeks.  KSTAR is a participant in the IEA PD IA.  Myeun Kwon shared information on the successful commissioning of KSTAR.

H. SCHEDULE FOR ANNUAL REPORT FOR FPCC

The schedule and responsible persons for the production of the annual report for FPCC were discussed. As usual, the Executive Summary will be prepared by the Chairman. He will distribute a draft in the early autumn. The deadline for submission to the FPCC will be the end of November 2008.

I. NEXT MEETING

The next Executive Committee Meeting will be held in May, 2009 in JET (EU). It will be a joint meeting with PD IA.
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