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Fusion Engineering and  
Technology at ORNL 

• Motivation 
–  Strategic Hire 
–  Feedback from FED 

• Gaps in Fusion Engineering / Technology (pull) 
• Expertise at ORNL / FED (push) 
• Options for fusion technology program at ORNL (2-5 

years) 
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Strategic Hire Program 

•  “The purpose of the strategic hire program is to add 
senior individuals to the ORNL staff that bring critical 
skills and can build and lead new research programs 
and areas. In general strategic hires will be established 
investigators, have demonstrated the ability to develop 
substantial programs, and/or be otherwise well qualified 
for substantial research or organizational leadership 
roles. Individuals of substantial promise at earlier 
stages in their careers and who bring expertise critical 
to major ORNL strategic thrusts may also be supported 
through this program.” 
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Strategy (2-5 year) 

• Goals: 
–  To develop new world-class fusion engineer/fusion 

technology programs at ORNL. 
–  To close technology gaps towards a commercially viable 

fusion power plant. 

• Outcomes: 
–  Substantial DOE funding. 
–  Movement towards one or more facilities at ORNL. 
–  Strong publication record. 
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Bio Sketch 
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Bio Sketch 

• Research / Experience 
–  Structural Mechanics 
–  Vibration Damping and Control 
–  Finite Element Analysis 
–  Design Optimization 
–  Smart Structures and Materials 
–  Energy Harvesting 
–  Nanomechanics / Nanomaterials 
–  New Product Development 
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Primary Sources of Info for Gaps 

•  FESAC Report (October 2007) 
• ReNeW for Magnetic Fusion (June 2009) 
• Marmar Panel Report (September 2009) 
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Path to DEMO – Japan  

From “Recent Progress on Fusion Nuclear Technologies in Japan in Implementation of the ITER Program and the BA 
Activities,” Hideyuky Takatsu, presented at ISFNT-9, Dalian, China, 2009. 
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Path to DEMO and FPP – China  

From “Status and Strategy of Fusion Energy Development Towards DEMO in China,” Yuanxi Wan, ISFNT-9, Dalian, 
China, 2009 
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Path to DEMO and FPP – EU  
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2007 FESAC Report 

•  Technology Related Gaps to DEMO 
–  G-6. Developments for concept free of off-normal plasma 

events 
–  G-7. Reactor capable RF launching structures 
–  G-8. High Performance Magnets 
–  G-9. Plasma Facing Components 
–  G-10. Fuel cycle 
–  G-11. Heat removal 
–  G-12. Low activation materials 
–  G-13. Safety 
–  G-14. Maintainability 
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2007 FESAC Report – US 
Strengths and Opportunities 

•  US Leadership: 
–  Measurement 
–  Theory and predictive modeling 
–  Control 

•  US Competitive: 
–  Plasma-wall interactions 
–  Integrated, sustained, high-

performance plasmas 
–  Safety/environment 

•  US Risk: 
–  Measurement 
–  Control 
–  Antennas and launchers 
–  Materials 
–  Integrated, sustained, high-

performance plasmas 
–  Plasma-wall interactions 
–  Plasma facing components 
–  Safety 
–  Magnets 

•  US Leadership with $$$ 
–  Plasma facing components 
–  Materials 
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European View of Gaps 
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ReNeW for Magnetic Fusion 

•  Five “Themes” – two emphasizing technology 
issues 
1.  Burning Plasmas in ITER 
2.  Creating Predictable, High-Performance, Steady-State 

Plasmas 
3.  Taming the Plasma-Material Interface 
4.  Harnessing Fusion Power 
5.  Optimizing the Magnetic Configuration 
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Thrusts for Theme 3 – Taming the 
Plasma-Material Interface 

9.  Unfold the physics of boundary layer plasmas 
10. Decode and advance the science and technology of 

plasma-surface interactions 
11.   Improve power handling through engineering 

innovation 
12. Demonstrate an integrated solution for plasma-

material interfaces compatible with an optimized core 
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Thrusts for Theme 4 – Harnessing 
Fusion Power 

13.  Establish the science and technology for 
fusion power extraction and tritium 
sustainability 

14. Develop the material science and technology needed 
to harness fusion power 

15. Create integrated designs and models for attractive 
fusion power systems 
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Gap – Irradiated Structural 
Materials 
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Gap – High Performance Alloys 
and Ceramics 
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Gap – Material Testing Facilities 
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Gap – Plasma Facing Materials 
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Summary – Causes of Material 
Degradation 

•  Heat from normal plasma operation 
•  Heat from abnormal plasma operation (ELMS, disruptions, 

vertical displacements) 
•  Runaway electrons 
•  Neutron bombardment 
•  Ion impingement 

–  Heating 
–  Erosion/redeposition 

•  EM loading 
•  H/He/D/T permeation 
•  Coolant interaction 
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ORNL Fusion Technology Strengths 

• Within FED 
–  Plasma diagnostics 
–  Pellet injection 
–  Superconducting magnets 
–  RF antenna 
–  Electron cyclotron heating 

• Beyond FED 
–  Material diagnostics 
–  Structural materials / 

irradiation 
–  Supercomputing 
–  Remote handling 
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Potential Development Areas (2-5 
Years) 

•  Technologies 
–  HT superconducting 

magnets 
–  Instrumentation (i.e. 

sensor for blanket, TBM) 
–  Design of plasma facing 

components (i.e. RF 
antenna) 

–  3D magnet design / 
fabrication 

• Expertise 
–  Integrated design 

engineering (multiphysics) 
–  Plasma material 

interaction 
–  Irradiated materials 
–  Fabrication and joining 

technology 
–  Remote handling 
–  Codes / regulations / 

licensing 
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Possible Facilities / Major Projects 

• PMIF – O($20M) 
•  TBM – O($100M) 
•  FNSF – O($3B) 
• Stellarator – O($50M) 
• RF Facility – O($10M) 
• Hybrid Reactor – O($?????) 
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Discussion 

•  Today – quick questions / feedback 

• Next few days – seeking input 
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Backup Slides 
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Gap – Concurrent Development, 
Design, and Testing 

• Pg 156 
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Need for New Devices / Machines 

• Pg 311 
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New Test Facilities 

• Pg 316-317 
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Design Tools, Rules, and Codes 
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Thrust 14 Costs, Scope 
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