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DOE established a U.S. ST Coordinating Committee 
(STCC) with broad representation and charter

• Membership composed of leaders of major ST R&D components
– Three ST experiments: NSTX (Jon Menard), Pegasus (Aaron Sontag), 

LTX (Dick Majeski)
– ST R&D on diagnostics (Fred Levinton) and theory-modeling-simulationST R&D on diagnostics (Fred Levinton) and theory modeling simulation 

(Bill Dorland), and by universities (Steve Sabbagh), national laboratories 
(Don Hillis), and GA (Rob LaHaye)

– Chaired by Martin PengChaired by Martin Peng 
• Purpose: enhance U.S. ST R&D in support of US FES Program
• Functions:

– Define & clarify roles of ST in FES Program
– Coordinate milestones, plans, and longer term goals
– Review and report progress relative to funded R&D– Review and report progress relative to funded R&D
– Represent and advocate ST Program nationally, and internationally 

through the IEA ST Executive Committee
M ti d f ll d d
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• Meetings and conference calls as needed
• Charter expected to evolve



STCC plunged into an assessment of critical 
research on NSTX for the next 3 years

• First STCC meeting held during APS meeting to clarify charter g g g y
and schedule activities.

• Asked by DOE during the following week to answer: 
“What critical research should NSTX carry out during FY08-
FY10 toward the scientific basis for CTF-type of facility?”

• All members participated as best possible given short notice.
– 11/30/07: conference call

12/5/07: dinner meeting in Oak Ridge TN– 12/5/07: dinner meeting in Oak Ridge, TN
– 12/6/07: morning meeting at ORNL

• Identified large number (>40) of possible research topics.Identified large number ( 40) of possible research topics.
• Applying “Measures of Criticality” to arrive at answers. 
• Effort is of high interest to the U.S. ST R&D community.
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Effort is of high interest to the U.S. ST R&D community.
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Transparent “Measures of Criticality” are needed to clarify 
the likely, relative values for NHTX-CTF type of facilities
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Application of the Measures is straightforward, but also 
pin-points needed information not available at present
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The ST community is given opportunities to present 
reasons for strong ST R&D in the FES Program

• Now: Develop a strongest case to maintain NSTX research p g
during FY08-FY10, to inform DOE’s pending decisions 
regarding the future of NCSX and PPPL.

• Next: Move forward with work to define and clarify the roles of 
ST in FES Program

What should be the 20 year vision of the ST Program as part of the U S– What should be the 20-year vision of the ST Program, as part of the U.S. 
FES Program?

– What should be the 10-year goals, and 5-year goals to realize this vision?
– What should be the 3-year goals and plans to reach these mid-term 

goals?

• The STCC plans to work closely with and account for theThe STCC plans to work closely with, and account for the 
interests of, the ST R&D stakeholders in carrying out its duties
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Back-up
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FESAC Greenwald Panel: Relationship of Initiatives to Gaps  
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Fusion Engineering Science and Technology R&D



Demo knowledge base requires interactive R&D among 
stakeholders of underlying science and enabling capabilities

Underlying Science
(sheath interface, PMI, 

h i l h i t t i l

Performance Models
(power handling, particle 

t l i & i

Science
Community

physical chemistry, material 
interface, neutron 

interactions, nano-structure, 
atomic migration, etc.) 

control, erosion & corrosion 
resistance, tritium breeding-

recovery-accountability,  
dpa lifetime, etc.) 

Informs

Enables Enables

Predictions of 
Physical Properties
(first-principle, ulltra-
scale simulation etc )

Dedicated & 
Integrated 

Scientific user 
R&D Facilities

Performance 
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DesignsDesigns

scale simulation, etc.) R&D Facilities

Motivates Motivates
Operates

Measurements of 
Ph i l P ti Control Tools Performance 
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Physical Properties Control Tools Instrumentation



Nuclear Component Testing (NCT) aims to complement 
ITER mission and fill many DEMO R&D gaps

• Mission of the Nuclear Component Testing (NCT) activity:
Create a lowered-risk, reduced-cost approach to a fusion environment beyond 
the ITER level and utilize it to test discover innovate and develop the remainingthe ITER level, and utilize it to test, discover, innovate, and develop the remaining 
needed physical and engineering sciences knowledge base for Demo.

• Recommended# simultaneous component testing capabilities substantially exceed 
those planned for ITERp

Performance metrics ITER Capabilities# Demo Goals
Fusion Power (MW) 500 75-150 ~2500
Burning plasma energy gain Q 5 10 2 5 3 5 ~20Burning plasma energy gain Q 5-10 2.5-3.5 ~20
Plasma control: H&CD (MW), fueling ~80 31-43 ~125
Burning plasma operation mode S*-H* HIHM* A*
Divertor heat flux (MW/m2) ~10 ≤10** ~10##Divertor heat flux (MW/m2) ~10 ≤10** ~10##

Total area of (test) blankets (m2) ~6 ≥10 (test modules) ~670
Continuous operation ~hour ~day→2 weeks ~months
14 MeV neutron flux on module (MW/m2) ~0 8 1 0 2 0 ~314-MeV neutron flux on module (MW/m2) ~0.8 1.0-2.0 ~3
Total neutron fluence goal (MW-yr/m2) ~0.3 6 ~6-15
Duty factor goal ~1% 30% 50%-70%
Tritium self sufficiency goal (%) ~0 ~100 ≥100
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Tritium self-sufficiency goal (%) ~0 ~100 ≥100
# Abdou et al., Fusion Technology 29 (1996) 1; other references.
* Operation modes: S = Standard, H = Hybrid, A = Advanced; HIHM = Hot-Ion H-Mode
** SOL geometric flux expansion considerations only;  ## Pacher et al, IAEA FEC 2006, FT/P5-42



ST configuration offers attractive designs for fusion 
engineering science & technology R&D

WL [MW/m2] 0.1 1.0 2.0
R0 [m] 1.20
A 1.50
kappa 3.07
qcyl 4.6 3.7 3.0
BT [T] 1.13 2.18
Ip [MA] 3.4 8.2 10.1
Beta_N 3.8 5.9
Beta_T 0.14 0.18 0.28
ne [1020/m3] 0.43 1.05 1.28
fBS 0.58 0.49 0.50
Tavgi [keV] 5.4 10.3 13.3
Tavge [keV] 3.1 6.8 8.1
Q 0.50 2.5 3.5
Paux-CD [MW] 15 31 43
E [k V] 100 239 294ENB [keV] 100 239 294
PFusion [MW] 7.5 75 150
T M height [m] 1.64
T M area [m2] 14
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T M area [m2] 14
Blanket A [m2] 66
Fneutron-capture 0.76



IEA ST Implementing Agreement provides timely tools to 
enhance worldwide ST research cooperationp

• Objective
• Strengthen cooperation among ST research programs and 

facilities to
• Enhance effectiveness and productivity of fusion science and• Enhance effectiveness and productivity of fusion science and 

technology research
• Extend the scientific and technology database of toroidal 

confinement concepts to the ST regime
• Establish a scientific and technological basis for the successful 

development of fusion power using STp p g

• Contracting Parties (Executive Committee Members)
• EURATOM (Gianella, Lloyd)
• National Institutes of Natural Sciences (NINS) (Motojima, Takase)
• USDOE (Eckstrand, Peng)
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World ST Program is growing in capabilities and goals

Gl b M (RF) LATE (J) HIST (J)Sphera (It)

NSTX (US)

MAST (UK)

Globus-M (RF) LATE (J) HIST (J)Sphera (It)

Pegasus (US)

TS-4 (J)
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QUEST (J)LTX (US)
TST-2 (J)

SUNIST (PRC)ETE (Brazil) UTST (J)



Combining Proof-of-Principle & Concept Exploration 
offers timely opportunities to obtain the needed data

• NSTX: establishes ST physics basis
– Commonalities in Tokamak physics (ITPA); new insights
– ST issues: start-up, over-dense plasma waves, divertor, etc.

• Pegasus & LTX: explore key scientific feasibilities
NSTX

• Pegasus & LTX: explore key scientific feasibilities
– Plasma gun start-up; very low A physics
– Plasma & lithium wall; very low recycling physics

NSTX (PoP) Pegasus (CE) LTX (CE)
R0 (m) 0.85 – 0.95 0.2 – 0.45 0.4

PEGASUS

R0 (m) 0.85 0.95 0.2 0.45 0.4
A 1.3 – 1.6 1.12 – 1.3 1.5
Ip (MA) 1.5 0.3 0.4
R B (m T) 0 51 0 1 0 13R0BT (m-T) 0.51 0.1 0.13
IN (MA/m-T) 7.2 20 3
PNBI (MW) 7 TBD 0.2
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PRF (MW) 6 1 TBD
τpulse (s) 1.5 0.05 0.25



World ST R&D is an integral part of fusion program that 
supports, supplements, and benefits from ITER & BA activities

World ST Exps
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TS-4
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UTST Physics Support

Fusion Engineering
Science & Technology



Suggested IEA ST work in the Era of ITER & BA

• Two broad areas of research collaboration (Annexes: 2008-2011)
I. Coordinate collaboration on research and upgrades in support of 

ST development
II. Coordinate development of component test facilities with Broader Coo d ate de e op e t o co po e t test ac t es t oade

Approach in support of Demo
• Organize annual international workshops (ISTW07 – Kyushu 10/07; 

ISTW08 - Frascati) and research collaboration forumsISTW08 Frascati) and research collaboration forums
• Promote & represent ST fusion R&D in worldwide

• Invite of Brazil, PRC, RF, etc. to join Agreement
• Enhance coordination of activities within Contracting Party
• Publish special ST issue in refereed journal (~2008)
• Create and maintain world ST website and links• Create and maintain world ST website and links
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The ST community is prepared to work actively with ITER and BA 
to meet the Grand Challenge of fusion energy

World ST Exps
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Fusion Engineering

IEA ST Agreement, FPCC, 2/27-28/07 20

TS-4
TST-2
UTST Physics Support

Fusion Engineering
Science & Technology


