Exploratory Assessment of the 

Next Step Spherical Torus (NSST) 

and Component Test Facility (CTF)

Summary of Work Accomplished in FY03

Background/Objective: 

The spherical torus (ST) development path as presently envisioned provides a linkage between the presently operating machines (NSTX, MAST) to an eventual ST power plant via a sequence of intermediate devices, namely a Next Step ST (NSST) a Component Test Facility (CTF), and a DEMO.  This development path is also supportive of the mainstream tokamak development path which also requires a CTF for blanket technology testing, since the ST configuration is the most attractive option for a compact low cost CTF with relatively low tritium consumption. The mission of NSST is to conduct “Performance Extension” (PE) spherical torus research at fusion plasma parameters to provide sufficient physics basis for the design of a compact CTF.  The CTF will be a high availability steady-state DT fusion reactor with sufficient blanket test area and neutron flux and fluence to meet the requirements set forth by the fusion technology community for blanket testing prior to DEMO. In addition to its role in component testing, CTF experience with a steady state reactor grade fusion plasma will contribute to DEMO, be it an ST or otherwise. 

Approach:  Summary of the plan to accomplish the objective of this research.

To guide in the selection of a design point, which can meet the requirements of the NSST mission, a Systems Code was developed and a parametric study was performed. Work has begun to develop engineering and physics concepts which satisfy the design point identified by the Systems Code. Activities are now underway to confirm feasibility, identify physics issues, develop cost/schedule envelope and provide a linkage to the NSTX Research Program.  In order to minimize the cost and time required for construction, the design takes advantage of the D-site infrastructure (TFTR) at PPPL.  

Accomplishments of the Current FY:  

In FY 2002, the NSST LPDA study made significant progress both in physics and engineering.  A White Paper was written, and the NSST LPDA work was be presented at the SOFT meeting in Helsinki, Finland (September 9 - 13, 2002) and at the IAEA meeting in Lyon, France (October 14 - 19, 2002).  Highlights of the FY 02 NSST LPDA study accomplishments include:

· The TF coil configuration was simplified by adopting a two layer design (compared to the original three layer version) which greatly simplified the joints between the inner and outer TF legs.  This simplification will facilitate the design, construction, installation, and maintenance of the center stack.   Details of the TF outer leg shape and support structure were developed, based on the constant tension strap concept. The new TF coil configuration has also improved the NBI access and reduced the field ripple.

· A 3-D CAD model was created, which was used to develop design details of the TF outer legs, inner-to-outer-leg joints/connectors, and support structures.

· Other engineering feasibility issues were addressed including PFC heat loads, LN2 coil cooling, neutron flux/fluence/shielding, physical constraints associated with handling of center stack in Test Cell.

· The 3-D stress analysis of the inner TF bundle / OH solenoid interactions within the center-stack structure was carried out, confirming the feasibility of the NSST basic center stack design based on the new Cyanate Ester magnet insulation material being developed in collaboration with MAST.

· A 2-D stress analysis was developed to model the entire TF and PF magnet systems to analyze the electromagnetic forces including the overturning moments.  The calculations confirmed the basic soundness of the outer TF magnet design with partially restrained (using compression rings) constant tension (bow) coil configuration.  It also yielded the basic requirements for the device support structure.  

· Basic cost and schedule was developed for the NSST construction. 
· In the Physics area, equilibrium and stability analyses of high beta plasmas were performed for the latest NSST geometry, over a range of elongation and triangularity, showing the benefit of highly shaped NSST plasmas.  The TSC code runs were performed to confirm the capability of creating highly shaped, high performance plasmas in NSST, confirming the earlier spread sheet predictions.  The TRANSP runs are also started which confirmed the ability to produce high toroidal rotation using the tangential NBI beams on NSST.

Future Plans:

In view of its increased importance, the ORNL is planning to initiate its own internal laboratory fund for a scoping study of a CTF facility.  It is expected that PPPL will participate in the study as a major partner.  Since NSST is envisioned to provide the physics basis for CTF, the NSST LPDA future funds will be supporting this collaboration in addition to the present on-going NSST study.  Future NSST LPDA activities will focus on the following important items:

· Extend the 3-D engineering analysis to include the entire TF and PF magnet system and support structures.  

· Develop the liquid nitrogen cooling and thermal insulation concept, particularly for the ohmic heating solenoid.

· Develop non-ohmic current start-up and sustainment scenarios including innovative rf-based schemes, bootstrap over drive, CHI and poloidal field utilization.  Since it is expected that NSTX is expected to produce important data in this area for the next campaign, the NSTX results will be incorporated into the NSST scenario development study.

· Refine site-specific items such as the test cell and support facilities to solidify the basis of the initial cost and schedule estimate developed in FY 2002.  

· Produce a final report of the NSST LPDA which will support proposals for future funding from DOE explicit to NSST.

· Support the joint ORNL-PPPL CTF scoping study collaboration effort in both physics and engineering areas.  

