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NCSX Project Update

Design Goals Remain Unchanged

•
Design a compelling experiment for the PoP mission at minimum construction cost and time to first plasma.

•
High-, disruption-free operation is the highest-priority design driver.

Great progress toward these goals since PAC‑2 (Dec., 1998)

•
Major decisions have been made: uncertainties reduced.

•
PAC advice was beneficial  (Thanks!).  We will explain.

Design Schedule

•
Physics Validation Review, Sept., 1999 (for planning purposes).

•
Conceptual Design Review (cost and schedule baseline), March, 2000.

•
Ready to start Title‑I design in mid-FY‑2000 (but may have to wait until FY‑2002)
This Meeting

We will…

•
Describe progress, open issues, and plans.

•
Present a picture of what will be proposed at the Physics Validation Review.

•
Solicit your advice, per Rob’s charge: right machine? right analyses?

This Talk

•
Machine Concept Decisions

•
Overview of progress since PAC‑2 and response to PAC‑2 recommendations.

•
Vision, strategy, next steps

•
Community interactions.

Review: NCSX Status at PAC‑2

Plasma configurations

•
New candidate plasma “C10” was being evaluated. Confinement a concern.

Coils

•
Coil generation from C10 demonstrated. Sheet currents were reconstructing reference plasma. Discrete-coil studies just starting.

Experimental requirements

•
Mapping of physics goals to design requirements documented. Priorities?

Engineering

•
Candidate solutions to specific design problems were being evaluated. Overall machine concept (i.e., in‑PBX vs new machine) was undecided.

Machine Concept Study (December, 1998)

PAC‑2 recommendation:

Decide between in‑PBX and new-machine option by end of Decem​ber, 1998. Develop a clear rationale, not necessarily cost alone.

Project response: accomplished on the schedule you recommended.

•
Intensive study by PPPL-ORNL engineering task force carried out Dec. 7-22.

–
defined and evaluated options.

–
advanced the design significantly.

•
Costing approach:

–
unit-costing (e.g. $ per kg) for major components.

–
cost information from HSX and W7‑AS for some elements.

–
analyzed major labor-intensive assembly operations in greater detail.

–
assigned contingencies for each WBS element.

•
Completed by Christmas, 1998.

Machine Concepts Evaluated

Common Features

•
“C10” quasi-axisymmetric plasma at B=1.3 T, 4s flattop.

•
Bakable vacuum-tight liner.

•
LN‑cooled saddle coils supported on segmented structural shell (with one exception).

Options

1.
(In-PBX) Through-port assembly of coils and liner inside PBX vessel (no disassembly of PBX coils).

2.
(In-PBX) Disassemble PBX TF & PF coils; reassemble around pre-assembled stellarator core.

3.
(New) New TF & PF coils, demountable to accommodate stellarator core.

4.
(New) Modular coils like HSX or W7‑AS on steel cases, weak supplementary TF, vacuum liner.

NCSX Stellarator Core
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•
3D liner

•
structural shell

•
saddle coils

Results

Option
Cost*
Contin​gency
Duration (months)

1

In
Through-port assembly
39.6

31%

64

2

In
Disassemble TF & PF
41.1

24%

63

3

New
New TF & PF
46.4

25%

51

4

New
Modular coils (HSX/W7AS-like)
52.1

30%

51

* FY‑1999 M$. Conceptual design not included.

Rationale
1.
Slight cost advantage outweighed by uncertainty related to large number of pieces to be installed and assembled in vessel.

3.
No physics benefit found to justify $5M additional cost.

4.
Large cost disadvantage; design delay to develop QA modular coil concepts.

2.
Successful test of critical joint disassembly operation resolved main uncertainty. Two spare coils in good condition. Five-year schedule a concern.

NCSX Core Installed in PBX TF Coils

Not shown: PBX PF coils
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Pulse Length

PAC‑2 recommendation:

Give a rationale for the choice of pulse length relative to the project priorities

and cost.

Status on B-field and pulse length

•
Pulse length of PBX‑M beams: 0.3s.

•
Nominal B-field for (=4% scenario: 1.2 T. (Project priority)

•
Saddle coil design goal: 0.3s flattop (full current) at B=2T (physics flexibility).
Actual performance will be limited by thermal stress and stiffness of braided conductor. Tests are planned to quantify behavior. (B. Nelson).

•
Longer pulses would be available at reduced B (~I2t), given long-pulse heating.

•
PBX TF coils: 1.5s at B=2 T, 22s at B=1 T; on-site power and energy adequate.

Re-use of PBX‑M Components Benefits the Program

Re-use PBX-M coils has been an issue in program reviews: PAC-1 (3/98), PoP Review Panel (6/98), FESAC (5/99).

NCSX mission can be accomplished within the PBX coil constraints.

•
Plasma configuration: R/(a(≥3.4
In range of interest (2-4). R/(a(≈2.7 configuration (at same (a() was not found to improve confinement or coils.

•
Coil topology: saddles plus TF/PF.
New-machine option with same physics and same coil topology cost at least $5M more. Modular coils $11M more. Unlikely to recover via optimization.

•
Pulse length:
TF/PF coils provide adequate pulse length. Main limitation is NBI. Longer-pulse TFTR beams would require a much larger (more costly) machine.

Mission can be accomplished within PBX constraints, cont’d:

•
Machine assembly
TF joint disassembly tests confirm feasibility of TF disassembly/reassembly approach. Through-the-port assembly not required.

•
Access for diagnostics and heating
While 20 coils is non-optimum for 3 periods, PBX could be modified to 18 coils to improve access, if necessary for much less (cost than a new machine.

Benefits of re-using PBX‑M coils

•
Saves at least $5M.

•
Reduced risk through use of already-working major components.

Likely Advantages of New Machine Approach

•
More freedom ( possibly improve physics or coil design.

•
May be faster to construct or reconfigure.

Eliminating PBX constraints would have advantages, but it costs more and is not required to accomplish the PoP mission.

Update of Cost Estimates Presented Since PAC-2

Date
Basis
TPC (FY‑99 $)

PAC‑2

12/3/98
Early (~5/98) unoptimized config​u​ration “D9E”, through-port assembly, conc. design excluded.
29.7

Options

Study

12/22/98
(
requirements clarified, major decisions made

•
Optimized plasma (“C10”)

•
More coils, higher current density, LN cooling

•
Vacuum liner

•
Assembly costs quantified

•
Longer schedule
41.1

FESAC &

PAC‑3

6/3/99
(
accounting change

•
Conceptual design costs added.

•
(minor technical refinements)
$44 - 46

•
All estimates are pre-conceptual.

•
First plasma in 2004 or 2005.

 Progress Since PAC‑2: Engineering

Core concept decisions have been made: (B. Nelson will discuss)
Structure

•
Segmented bronze casting for eddy-current reduction (A. Brooks).

Coils

•
Multi-turn, LN-cooled, flexible copper conductor.

Liner

•
Inconel flat developments brake-bent and welded together.

Next: Update to latest coils; develop design; update costs for PVR. 

Progress Since PAC‑2: Plasma Design

Confinement Analysis
•
Applied GTC gyrokinetic code to improve neoclassical transport evaluations.

•
Broadened energetic ion confinement studies (multiple codes, sensitivity studies, loss mechanisms).

•
M. Zarnstorff will discuss.
Plasma Configurations
•
Reference plasma updated to “C82” to increase kink stability margin.

•
C82 found vertically stable with ample margin! Opportunity to gain performance?

•
A. Reiman will discuss.
New Reference Plasma Configuration “C82”
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•
3 field periods
•
Aspect ratio 3.4 (fits in PBX‑M)

Stable at (=4%.

Confinement: predict (=4% reachable with 4 beams.
Progress Since PAC‑2: Coil Physics Design

PAC‑2: Development of a suitable coil set defines the critical path. Resources required to speed progress in this area should be supplied.

Project response:

•
Strong coil team has been dedicated and highly focussed:

S. Hirshman, ORNL
A. Brooks, PPPL

W. Miner, Univ. of Texas
D. Monticello, PPPL

N. Pomphrey, PPPL
P. Valanju, Univ. of Texas

•
Priority treatment given to coil issues: meeting agendas, rapid response to coil needs from other groups.

•
Excellent progress as a result.

•
S. Hirshman will discuss in detail.

 Coil Physics Design Highlights

Design of Coils for the Reference High-Beta Plasma (C82)
•
Discrete coils now reconstructing very well.

•
New tools and methods have speeded up design process.

•
Now able to design for critical engineering objectives:

–
Reduce current density

–
Reduce number of coils

•
Current status: candidate coil sets for C82 have been developed.

C82 Coils Provide the Basis for Next Steps
•
Engineering development (B. Nelson)

•
Next phase of coil physics design (S. Hirshman, M. Zarnstorff):

–
Flexibility to support a range of equilibria needed for experiments.

–
Good magnetic surfaces throughout plasma.

–
Startup.

Startup 

PAC‑2: “A start-up scenario should be defined using a set of fixed-time equilibria with the final beta value consistent with the project objectives.”

Project: Defined start-up scenario for coil design based on a simple sequence of snapshots:
(vacuum)  (( (full IP, low ()   ((  (reference state@ full IP and ().

PAC‑2: “The profiles of pressure and current can be any profiles that could be obtained with the available heating power, Ohmic transformer, and coil system. Although it is preferable that the final profiles be consistent with the likely bootstrap current of a power plant, this is not essential for the program to achieve its highest priority goals.”

Project: Focus to date has been:

•
Accessibility of target ( with available NBI power.

•
Development of candidate coil system (prerequisite for flexibility studies).

Plans for extending startup and flexibility studies will be presented.

Plan for Designing Coils for Flexibility and Startup 

Define target profile sets, from…

•
Experimental data base.

•
Time-dependent simulations.

•
Reactor examples.

Parallel coil design efforts

•
Free-boundary: test coil compatibility with target profile sets.

•
Fixed-boundary: vary configuration parameters to generate library of target equilibria for coil compatibility tests.

•
Vacuum: eliminate islands in outer region.

General Approach

•
Use C82 coil set (with independently-driven coil pairs) as the starting point.

•
Start by varying currents only.

•
If necessary, modify coil geometry.

 NCSX Physics Design Priorities

Compact-Stellarator Vision

•
3D shaping offers solutions to critical issues for steady-state MFE reactors: disruptions, recirculating power.

•
Compact stellarators provide an alternative route that complements the advanced-tokamak approach.

NCSX Project Design Priorities

•
Primary focus on facility design for the PoP experimental mission. Priorities:

–
Demonstrate high-beta, disruption-free operation in hybrid configuration.

–
Provide experimental flexibility needed needed to resolve physics issues.

•
Reactor analyses to scope physics issues and goals for PoP investigation.

 Roadmap to PAC-2 Responses

•
In-PBX vs new-machine decision: Neilson.

•
Speed up progress in coil design: Hirshman.

•
Startup (,flexibility, robustness): Hirshman, Zarnstorff, Reiman.

•
Extend energy confinement analyses: Zarnstorff.

•
Priorities:

1. High (; 2. Optimized QA; 6. Maximized externally-produced iota: Reiman.

3. Definition of robust & flexible set of produce-able plasmas: Zarnstorff.

4. Bootstrap consistency with 1.-3.: Reiman.

5. Minimized beam-orbit loss: Zarnstorff.

7.
Achievement of power-plant collisionality: Zarnstorff.

•
Choice of pulse length: Neilson, Nelson.

•
Structure eddy currents: Zarnstorff, Brooks.

•
Utility of ion cyclotron heating: Zarnstorff

•
Closer ties with world stellarator efforts, esp. W7-AS and CHS: Neilson.

•
Alfvén modes, ECH: future meetings.

Building Community Support

SEAB, FESAC

•
Presentation to SEAB on April 30.

•
Presentation and response to Program Evaluation Criteria at FESAC PoP Review on 5/21/99. Questions asked on:

–
Beta limits (Reiman will discuss).

–
Reactor compactness (Lyon).

–
Use of PBX‑M (Neilson).

Visits

•
Since PAC‑2, have visited Auburn, Columbia, GA, Texas, UCLA, Wisconsin to discuss the program.

Upcoming Community Meetings

•
Snowmass: Community white paper in preparation.

•
U.S.-Japan Workshop on Stellarator Concept Improvement: Sept. 22-24.

•
International Stellarator Workshop, Madison, Sept. 27‑Oct. 1

Summary

•
Substantial design progress has been made since PAC‑1. Some major design decisions have been made, greatly reducing uncertainty.

•
Next steps in the design process:

Physics: startup, flexibility, robustness of the design.

Engineering: design development for C82, R&D, update costs.

•
We are on track for a September PVR

–
The appropriate machine characteristics are being developed.

–
The appropriate analyses are being done.

