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Develop the understanding required for an attractive fusion
 energy source through integrated research 

— and — 

Pursue near-term applications of plasma science and
 technology in support of national goals. 

ITER 



  1 Physics Division 
  2 Computer Science and Math. Div. 
  3 National Center for Computational Sciences 
  4 Leadership Computing Facility 
  5 Fusion Energy Div. 
  6 Measurement Science and Systems Div. 
  7 Materials Science and Technology Div. 
  8 Nuclear Science and Technology Div. 
  9 Research Reactor Div. 
10 High Flux Isotope Reactor 



Molecular dynamics
 simulation of particle
 surface interactions  

Controlled Fusion 
Atomic Data Center 

•  Study fundamental interactions among electrons, ions, atoms,
 molecules, and materials; develop and apply advanced
 computational methods in data production; collect, evaluate,
 and disseminate data to the plasma science community 

Multi-charged Ion
 Research Facility 



•  Develop fundamental plasma theory and the computational
 base needed to understand plasma behavior in fusion devices,
 to understand and exploit improved confinement regimes, and
 to develop new confinement configurations and technologies 

SciDAC: AORSA 3-D
 simulation of rf
 heating in ITER 

3-D ITER equilibrium 
(∇P = JxB) 

ITER 

C-Mod  
(9X) 

SciDAC: RF + MHD
 integrated plasma
 simulation of ITER 

IPS 





NSTX boundary physics: 
Pedestal and ELM
 characterization 

ELM control (RMP coils, Li) 

JET: RMP coil
 feasibility studies

 for ITER 

VHFS 

New ITER‐Like LFS 

HFS 

LFS 
Pellet Injector 

•  Collaborative research in boundary physics, fueling and
 particle transport, confinement  and stability, wave
-plasma interactions 

DIII-D: Pellet pacing,
 fueling, disruption
 mitigation for ITER 



•  Develop plasma heating/current drive, and fueling
 technologies to create and control  high temperature
 plasmas 

ITER disruption mitigation
 technologies deployed on DIII-D 

ITER-like RF antenna
 deployed on JET 

JET A2 (1996) : large
 well-spaced straps 

 0.9-1.8 MW /m2 

JET ILA (2009):
 short closely

-spaced straps
 4.1-6.3 MW / m2 
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•  Computational materials science and atomic scale
 characterization; advanced materials for higher temperatures;
 nanoscale microstructural modifications developed to mitigate
 irradiation and He effects 

Stress-Strain Behavior
 1300°C 

Irradiated, 7dpa unirrad. 



•  Leads to the realization of needed, new R&D facilities 
Magnets : 
20  QPS vs. 50 W7-X 
(lower cost) 



•  Pursue near term applications of plasma science and
 technology in support of national goals 

Microwave plasma
 processing of carbon

 fibers-EERE 

World’s first fault
 current limiting

 cable-DHS 

High density helicon
 plasmas for space
 propulsion-NASA 



 OFES Core Research ITER Project 
U.S. Burning Plasma

 Organization 

Jim Van Dam (U. Texas) 
Director and US ITER
 Chief Scientist 

Virtual Lab for
 Technology 

Stan Milora, Director
 and US ITER Chief

 Technologist  

U.S. ITER Project
 Office 

Ned Sauthoff (ORNL),
 Director 

WBS Mgr 
Dave Rasmussen 

•  Burning plasma R&D (USBPO) 
•  Modeling and simulation Batchelor 
•  Energetic particles Spong 
•  Enabling technologies/Engineering sciences Uckan 
•  TBM sciences Uckan 

•  ITPA activities etc. 
•  Energetic particles Spong 
•  Pedestal Maingi 
•  Diagnostics Hillis 
•  Integrated scenarios Murakami 
•  Disruption mitigation Baylor 

Other ITER project
 opportunities  

Disruption mitigation,
 pellet ELM pacing, ELM
 coils, LHCD   

Diagnostics 
Dave Johnson 

Engineering
 Manager 
Brad Nelson 

Pellet injection system Combs   

ICH transmission lines & tuners Goulding 

ECH transmission lines Bigelow   

Pumping & Leak check systems Gardner 

RGA Gardner 

Reflectometer Hanson 



6.5 m  

Pellet Injector 
Fuel Recycling 

 System  

•  2 pellet injectors  requiring continuous, highly
 reliable, high throughput DT pellet feed 
–  3 mm pellets @ 30 Hz  for ELM pacing 

 or 5 mm pellets @ 7 Hz for  HFS fueling 
•  Pellet injector system enclosed in a cask for

 secondary containment 
•  Disruption mitigation with large shattered

 cryogenic pellets 



RF tuners at ORNL’s
 RF Test Facility 

RF ICH Transmission lines 
•  2.5 MW per line, 8 lines 
•  Water-cooled coaxial design 
•  1,000 meters 

Microwave ECH Transmission lines 
•  1 MW per line, 24 lines 
•  Overmoded 170 GHz waveguide 
•  2,000 meters 

ORNL’s RF
 transmission line 

Test Stand 

Gyrotron for ORNL’s
 Waveguide Test Facility 

Waveguide
 at ORNL’s
 170 GHz

 Test Facility 



•  Lab 
–  Relocate infrastructure(power supplies and equipment) 

 from Y12 to ORNL 
–  New 25,000 sq. ft. research building (built to house a

 modest scale experiment). 



•  DOE OFES 
–  Research equipment installation  

–  A companion building to house power supplies (73 MVA) 



New R&D Staff 
C. Klepper   
A.  Lumsdaine     
A. Sontag   
L. Chacon   
S. Diem    
S. Meitner   
J. Canik    
J-M Park   
A.  Horton   
R. Sanchez   
T. Biewer  

J. Harris    
K. Freudenberg   

New R&D Post-docs 
J-W Ahn 
D. Battaglia (MFE Fellow) 
G. Chen 
N. Commaux 
T. Gray (MFE Fellow) 
D. Green 
A. McLean 
E. Unterberg (MFE Fellow) 
M. Shafer (ARRA) 


