[image: image1.png]


IEA IMPLEMENTING AGREEMENT ON CO-OPERATION ON THE

LARGE TOKAMAK FACILITIES
Annual Progress Report (June 2007 to May 2008) of the

Executive Committee
Executive Summary

1. Mission of Large Tokamak Implementing Agreement and relevance to the international fusion program

  The objective of this Implementing Agreement (IA) is to enhance the scientific and technological achievements of the Large Tokamaks (LT) by means of co-operative actions for the advancement of the tokamak concept. This IA is one of the largest co-operations among the fusion IA’s under the IEA. The achievements of the large tokamaks under this IA provided essential data and operating experience for ITER and the advancement of the tokamak concept.

2. Current foci and objectives of LT IA

Current scientific foci of large tokamak experiments are energy confinement (dependence on plasma pressure, collisionality and aspect ratio); dependence of density peaking on collisionality; control of plasma instabilities (resistive wall modes, neoclassical tearing modes at high beta, edge localized modes, disruptions); identity and similarity studies of the edge plasma; material erosion, migration re-deposition and fuel retention; long-duration sustainment of steady-state high plasma pressure plasma discharges with reduced TF ripple and high bootstrap currents; hybrid and other advanced modes and ITER scenario development; effect of q profile on triggering high confinement and fast particle induced MHD instabilities; and real time control of plasma profiles,. 

The objectives of investigation of the issues listed above are to advance the scientific basis for the burning plasmas in tokamaks and contribute to the resolution of ITER Science and Technology Advisory Committee (STAC) issues identified in the ITER design review in 2007 and to prepare for ITER scientific exploitation.  ITER will be the first burning plasma experiment to demonstrate the scientific and technical basis of fusion energy. The IEA LT scientific exchanges to carry out these investigations are accomplished through coordinated experiments and supporting data analysis and computational modeling using JET (EU) and JT-60 (Japan) and the U.S. national devices ( DIII-D, CMOD and NSTX), and many  university researchers. The International Tokamak Physics Activity (ITPA), now operating under the ITER auspices, identifies high priority research tasks for ITER in close coordination with the ITER Organization, and proposes experiments and modeling activities to resolve them.   The IEA LT IA holds annual workshops, in close cooperation with the IEA Poloidal Divertor and IEA Plasma Wall Interaction in TEXTOR IAs, the tokamak leaders and the ITPA on “Implementation of the ITPA coordinated research recommendations”. The 2007 annual workshop was held at JET in Culham, U.K. on Nov.-29-30, 2007. In this 6th annual workshop, leaders representing 11 major world tokamak programmes were among the participants  

Current foci of large tokamak technology are the development of negative-ion-source-based neutral beam injector (N-NBI) in JT-60U, tritium and remote handling in JET (including cleaning of plasma facing components using a flash lamp and a small plasma torch), as well as diagnostics improvements. In general, it was considered that the interactions between IEA/ITPA/ITER were working well, with the primary path for the proposal of experiments being the ITPA Topic Groups. The need for improved coordination in joint modeling activities was also recognized.
3. Highlights and accomplishments during the reporting period June 2007-May 2008
In the EU, JET has seen the successful completion of the 2007 Shutdown and 2008 Restart of Operations, the elaboration and start of the 2008 Experimental Campaigns, major R&D activities and procurements related to components and buildings for enhancements to be installed on JET during 2009/10, the conduct of Fusion Technology Tasks using the JET Facilities, and a proposal for a longer-term JET programme to end 2014. The 2008 scientific programme has a strong ITER focus (High level commissioning of new systems and issues that could impact on the design of ITER components; preparation of integrated operating scenarios for ITER; and physics issues essential to the efficient exploitation of ITER) and extends over 102 days (including 30% contingency), together with 73 days for commissioning the ITER-like ICRH Antenna.

In Japan, objective of JT-60 experiments is to establish advanced tokamak concept for ITER and DEMO.  Toward this challenging goal, various techniques have been introduced and tested, such as improvement of heating system, installation of ferritic steel tiles to reduce toroidal field ripple, development of new diagnostics, various real-time control techniques. As for the research and development in FY2007 to 2008,　items　emphasized are i) long sustainment of high integrated performance plasma, ii) sustainment of high N plasma exceeding no-wall ideal limit, iii) sustainment of high radiation fraction with high H factor at high density, and iv) long-pulse and high-power injection of negative-ion based neutral beam and ECRF. The JT-60U facility will be shutdown in August 2008 for its replacement with the new superconducting tokamak JT-60 Super Advanced (SA) that is being designed and constructed as a part of the Broader Approach (BA) Agreement between Japan and EU.  JT-60SA will be operational in about eight years.

The U.S. fusion community, through the U.S. ITER Project Office and the U.S. Burning Plasma organization, has been extensively engaged in the ITER Design Review and in finding solutions for technical issues raised by the ITER STAC.  The three facilities (DIII-D, C-MOD, and NSTX) are in the midst of experimental operations.  Five year program plans for the period of 2009-2014 have been established for these three facilities through community workshops and peer reviews of their proposals. The U.S. fusion community is also in the process of developing long term strategic plan to identify approaches for addressing gaps in physics and technology beyond burning plasma experiments in ITER, towards a fusion demonstration plan.  As a first step, the community identified gaps and opportunities, as documented in the October 2007 report of the U.S. Fusion Energy Advisory Committee on  “Priorities, Opportunities and Gaps: Towards a Long-Range Strategic Plan for Magnetic Fusion Energy”. This plan is to be developed by June 2010.
The physics-related work in the collaboration is conducted under eight topical areas, six of which correspond to those used in the ITPA. These are Transport and ITB Physics, Confinement database and modeling, MHD, Edge and pedestal physics, SOL and divertor physics, and Steady State Operation. In addition, Tritium and Remote Handling Technologies, and Other issues, such as Diagnostics and Power Supplies issues, are conducted in two separate Task Areas. Accomplishments in these Task Areas are described in Attachment A2.

Two Workshops were held during the reporting period. These were:

W66: Sixth Joint workshop of Large Tokamak, Poloidal Divertor and Textor IA's on "Implementation of the ITPA Coordinated Research Recommendations" at JET, Culham, U.K.; December 1-2, 2007. 
W67: Control of Edge Localized Modes (ELM) and Resistive Wall Modes (RWM); February 25-26, 2008; JAEA Naka Site, Japan.

W68:
Summary reports from these workshops are included in Attachment A3.

There were 25 personnel assignments and scientific exchanges among the three Parties were completed during this period. A list of exchanges is shown in Attachment A4.

The 23rd meeting of the IEA Large Tokamak LT was held at General Atomics in San Diego, CA on June 3-4, 2008. This meeting was held jointly with the IEA PD, as it has been done so for the past 3-4 years. The minutes of this meeting is shown in Attachment A5.

The next meeting of the Executive Committee will be held at JET in Culham, U.K. in May 2009.

4. Future strategy

The joint Ex-Co meeting of the LT and PD IAs on June 3-4, 2008 provided the opportunity to discuss several issues for future strategy of IEA LT and other tokamak related activities.  These are briefly summarized below (with further details available in the minutes of the meeting);

1. Development of a single tokamak IA: The discussions in the IEA Fusion Power Coordinating Committee (FPCC) and the Executive Committees of IEA LT, PD, and PWIT on  ‘re-structuring’ the tokamak related IAs, which have been in progress for the past ~ 5 years, were continued further, leading to a consensus to proceed with a new single Tokamak IA that would be open for the participation of major tokamaks in the ITER Members.  A draft scientific scope for such a new agreement was initiated, and the management structure for such a new agreement will be drafted for discussion during the February 2009 meeting of the IEA FPCC.

2. Remote televideo participation: A few of the scientific exchanges are carried out through televideo participation to minimize travel.  Such televideo participation should be enhanced and a written process should be developed for its implementation.

3. Sponsorship of IAEA Technical Committee Meetings (TCMs): The IAEA International Fusion Research Council (IFRC) 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 IFRC would like to enhance its partnership with the FPCC in sponsoring such fusion related activities for ITER and the international fusion community. As a first step in this direction, the IFRC invited to hold its February 2009 meeting jointly with IFRC in Vienna. This meeting is expected to provide an opportunity to explore ways to develop this joint sponsorship of international fusion activities.

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. Such high priority ITER issues should be highlighted at the ExCo meetings.

5. End of JT-60U tokamak in Japan and start of KSTAR in Korea: The JT-60/60U facility, which has been a prominent contributor to the IEA LT activities over the past two decades, was terminated in August 2008 to prepare for the construction and installation of the new superconducting tokamak JT-60SA. It will be operational in about eight years.  In the meantime a new superconducting tokamak, KSTAR in Korea, achieved its first plasma in June 2008.  Korea is a Partner in the IEA PD IA.  Both of these changes in fusion resources in Japan and Korea provide new opportunities for collaborations in a new Tokamak IA. These opportunities should be explored in the coming years.

Finally, the implementation of the ITPA coordinated research recommendations was successfully started in 2002 under the IEA LT IA. This joint experiment arrangement among JT-60U-JET-USDOE has been strengthened to prepare for the successful start-up of ITER operation with wider participation from the other IEA/IA’s and Bilateral Agreements. The ITER organization decided in November 2007 to invite ITPA to operate under ITER auspices, which is now in effect since February 2008. 
5. Collaborations inside/outside IEA
The close coupling between the ITPA, the ITER organization, the IEA FPCC, and the IAEA IFRC provide the opportunity to streamline international collaborations in fusion, with its priority for the success of ITER in achieving its key scientific and technological objectives. In recognition of the change of the world fusion program into new era, symbolized by the establishment of ITER Organization, collaborations inside/outside IEA have to be strengthened in view of support and supplement ITER towards DEMO. The IEA LT homepage (http://www-jt60.naka.jaea.go.jp/lt/) is open to all IEA IA’s and the public.

6. Message to policy makers

The IEA Large Tokamak Implementing Agreement is one of strongest fusion IA’s and has been effective in developing tokamak research to reach break-even conditions and in developing the necessary databases for the next step device ITER and a steady-state tokamak reactor. This Agreement provides leadership in coordinating ITPA joint experiments with other tokamak related IEA IA’s. The IEA LT ExCo looks forward to the establishment of a new Tokamak Agreement to streamline tokamak related activities in FPCC, and enhancement its productive interactions with ITPA, IO, and the IFRC.
7. List of attachments

These reports can be found on the IEA LT IA web-site, http://www-jt60.naka.jaea.go.jp/lt/index.html, in the ‘Internal Use’ sub-area. Please contact Kensaku Kamiya (secretary) for password to access this part of the website.
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