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Research Interest 
The research interest in tritium science in the Office of Fusion Energy Sciences (FES) is in its use as the 
primary fuel for a self-heated burning plasma; to understand and manage the associated safety and 
processing issues; and to develop efficient breeder materials, models of tritium’s affect on material 
properties, permeation windows, and permeation barriers, exhaust purification systems, tritium 
isotope separation systems, detritiation systems, tritium accountancy tools and models to support 
safety assessments. 
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Presentation Outline 

Background: SBIR solicitation language 
Current research activities: 
• Status and progress of the SBIR solicitation and funded R&D:  
• Nano-engineered solid tritium breeder fuel by a small business in California. $150K 

(FY12)+ $1M (FY13-FY14). 
• Numerical simulation of fluid flow under Magneto-Hydro-Dynamic (MHD) influence. 
• International Collaborations. 
Challenges/Issues: 
• Should a FES-funded University performing tritium research be added to the TFG? 
• Fundamental Research Exclusion for publication of university research. 
• Applying export control and SNM controls for fusion energy tritium R&D. 
• Do current export control and SNM guidelines adequately define boundaries? 
Potential future research & collaborations 
• Seeking collaboration from TFG on areas of common interest in tritium research. 
Backup Slides: tritium questions to be answered 
• Panel discussion of questions. 

 



Background – SBIR Program 

The blanket material systems topic seeks to address the challenges in harnessing fusion power, and 
developing the fusion fuel cycle technology through an advanced breeding blanket, which is 
designed to breed, extract, and process the nuclear fuel and heat energy necessary for a self-
sufficient, electricity-generating reactor. The blanket is a complex, multi-function, multi-material 
engineered system (structure, breeder, multiplier, coolant, insulator, tritium processing), with many 
scientific and technological issues in need of resolution. Proposals are requested that address the 
following issues that include but are not limited to:   
• Innovative solid fusion breeder fuel materials development and simulation tools 
• Innovative liquid fusion breeder and/or coolant materials development and simulation tools 
• Advanced materials and tools for simulation and analysis of breeder blanket material and 

component behavior in the fusion nuclear environment including thermofluid, MHD, and 
thermomechanical simulation of coolant flows and structural responses 

• Innovative materials and tools for simulation and analysis of materials and systems for tritium 
processes including creation, extraction, separation, purification, management and containment 

• Diagnostic sensors for blanket systems that are compatible with the fusion environment 
• Neutronic simulation and analysis tools that go beyond the current state of the art.  

 
 

SBIR topic are in plasma-facing components, blanket materials and systems, 
superconducting magnets and materials, structural materials and coatings, other. 
 



Background – SBIR Program 

More detail on the topics of interest follow: Solid breeder material concepts that advance as many 
as possible of the following criteria:  
(1) high breeder material densities (up to~80%);  
(2) high thermal conductivities (as opposed to point contacts between pebbles);  
(3) better thermal contact, such as reliable joined contact, with cooling structures (instead of point 

contacts between pebbles and wall);  
(4) the absence of major geometry changes between beginning-of-life and end-of life (such as 

sintering in pebble beds) in the presence of high neutron fluence;  
(5) structural integrity in freestanding and self-supporting structures with significant thermo-

mechanical flexibility;  
(6) high breeding ratios that benefit from increased breeder and multiplier material densities 

(typically lithium and beryllium) and preferably leverage existing R&D in nano and micro 
engineered materials, such as those developed for advanced lithium ion batteries; and tools for 
simulation and analysis of materials and systems for solid breeders that leverage advanced 
computational techniques. 
 
 

SBIR blanket materials and systems solicitation, (continued) 
 



Background – SBIR Program 

More detail on the topics of interest follow: New liquid breeder material concepts that advance as 
many as possible of the following criteria:  
(1) new liquid breeder materials that have a high breeding capacity;  
(2) that are not influenced by the magnetohydrodynamic (MHD) effect;  
(3) can operate at high temperatures (400-700 deg C);  
(4) are not 87 corrosive to the materials used in planned fusion systems (RAFM steels, ODS 

steels, NFAs, SiC);  
(5) are conducive to tritium extraction, and tools for simulation and analysis of materials and 

systems for liquid breeders that leverage advanced computational techniques 
 
• Innovative materials and tools for solving specific challenges, such advanced simulation and analysis tools 

for thermofluid, MHD, and thermomechanical coolant flows and material responses.  
• Also insulating the flowing liquid metal breeder/coolant against MHD and thermal effects with Flow 

Channel Inserts (FCI). These materials have a low electrical conductivity (1 to 50 Ω-1m-1). FCI structural 
loading is low, but they must be able to withstand radiation damage and thermal stresses from through-
surface temperature differences in the range of 150-300K, over a thickness of 3 to 15 mm depending on 
designs.  
 
 
 

SBIR blanket materials and systems solicitation, (continued) 
 



Background – SBIR Program 

• Materials, simulations and tools needed for managing tritium used in the fusion fuel cycle in a 
safer and more efficient manner are needed. Early experiments can be performed using 
hydrogen as a surrogate, but more advanced technology development will likely need to be 
partnered with a national laboratory with the ability to handle tritium. 

• Current solid breeders operate with a He purge gas at approximately 8 MPa, and liquid metal 
breeders at a partial pressure of approximately 0.3 Pa.  

• Tritium extraction technologies including permeator materials and extraction methods need to 
distinguish between the different species for more efficient trapping and desorption from the 
He purge gas that operate at better than 40% efficiency on the first pass.  

• An advanced purification system to remove impurities at better than 90% efficiency on the first 
pass is needed along with tritium barrier and management materials. An integrated multi-
physics simulation tool to model tritium chemistry, tritium transport through materials, 
permeation rates, tritium concentration and flux in materials and systems, at different 
irradiation levels which goes beyond the current state of the art available domestically and 
internationally 

•   

SBIR blanket materials and systems solicitation, (continued) 
 



Background – SBIR Program 

• Diagnostics for the blanket system are needed, including liquid metal flow sensors that are able 
to accurately measure the velocity profile across the whole cross-section, and tritium 
concentration sensors.  

• Neutronic and safety simulation and analysis tools for determining radiation-induced material 
damage, tritium breeding efficiency, and worker radiation exposure conditions under a fusion 
environment with a peak 14 MeV neutron source are needed. The fusion neutronic 
environment is different, and harsher than the fission environment.  

• Simulation and analysis tools that advance the state of the art to enable effective prediction of 
the fusion Tritium Breeding Ratio (TBR), material damage effects, such as swelling and creep, 
and prediction of the effectiveness of fusion radiation shields and barriers designed to limit 
worker and remote handling equipment exposure to the radiation environment, are critical to 
the safe adoption of fusion power.  

• Ideally these tools are plug-ins, or compatible modules within existing commercial design 
software codes for structural, thermal, fatigue, or fluid flow, or safety analyses, such as 
Ansys®, Fluent®, Nastran®, LS-DYNA®, to enhance the integration, validation, and adoption 
of the tools.   

SBIR blanket materials and systems solicitation, (continued) 
 



Solid Breeders - SBIR Program 

SBIR blanket materials and systems, progress 
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Liquid Breeder/Coolant- SBIR Program 

SBIR blanket materials and systems, progress 
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International Collaborations UCLA, INL 

International collaboration with South Korea 
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International Collaborations UCLA, INL 

International collaboration with South Korea (continued) 
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International Collaborations UCLA, INL 

International collaboration with South Korea (continued) 
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Export Control 

Federal agencies with export control responsibilities 
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Export Control 

Federal agencies with export control responsibilities (continued) 
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Export Control 

Commerce control list – Tritium  

15 



Export Control 

Commerce control list - Tritium (continued) 
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Export Control 

Commerce control list - Tritium (continued) 
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Export Control 

Commerce control list - Tritium (continued) 
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Export Control 

Commerce control list - Tritium (continued) 
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Export Control 

University Fundamental Research Exclusion 
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Export Control 

University research restrictions 
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Export Control 

University information and conference exclusion 
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Export Control 

University minimizing impact of export control restrictions 
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Export Control 

University compliance guidelines (continued) 
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Export Control 

University compliance guidelines (continued) 
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Export Control 

NRC compliance guidelines for nuclear items 
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Export Control 

NRC compliance guidelines for nuclear items (continued) 
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Export Control 

 Commerce (EAR) compliance guidelines 
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Export Control 

 Commerce (EAR) compliance guidelines (continued) 
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Export Control 

Department of State compliance guidelines 
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Export Control 

NNSA compliance guidelines 
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Export Control 

NNSA controlled software compliance guidelines 
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Export Control 

NNSA controlled software compliance guidelines  
Nonproliferation and international security (NA-24) 

Radiation Safety Information Computational Center (RSICC) 
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Export Control 

Treasury OFAC compliance guidelines 
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Export Control 

Treasury OFAC compliance guidelines (continued) 
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Export Control 

University compliance guidelines Common Scenarios 
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Export Control 

University compliance guidelines Training Resource 
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Export Control 

Guidance from NA-22 for University research related to SNM 
Office of Defense Nonproliferation Research and Development 
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Selected information that may be helpful as a comparison 
General Rules: 
 
Information and software useful for designing or developing nuclear weapons are 
classified to prevent or delay availability of confirmed nuclear weapon 
information. 
Special Nuclear Materials (SNM) - Types and Quantities 
  
Isotopes of interest 
  
235U and 239Pu are the fissile materials used in nuclear weapons and are referred 
to as Special Nuclear Material (SNM).  Other isotopes and elements have been 
suggested including 233U (from the Th fuel cycle) and 237Np and 241Am (from spent 
fuel reprocessing).  Our office would like to be informed of any work on isotopes 
other than 235U and 239Pu or work on any non-bomb grade Pu (239Pu content less 
than 90%) or U (235U content less than 90%). 



Export Control 

Guidance from NA-22 for University research related to SNM 
Office of Defense Nonproliferation Research and Development 
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Special Nuclear Materials (SNM) - Types and Quantities (continued) 
  
Quantities of Interest 
  
Here is the official IAEA definition of significant quantity: 
• SIGNIFICANT QUANTITY -- The approximate quantity of nuclear material in 

respect of which, taking into account any conversion process involved, the 
possibility of manufacturing a nuclear explosive device cannot be excluded. 

   



Export Control 

Guidance from NA-22 for University research related to SNM 
Office of Defense Nonproliferation Research and Development 
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Nuclear Safeguards and Security: 
 
The following SNM production activities are of concern: 
•  Essentially all uranium isotope enrichment activities are classified.  
 
Unclassified Research Areas 
•  The following subject areas are generally considered unclassified: 
•  Electronics and data handling when not tied to specific application  
•  Basic chemistry and physics of uranium and plutonium 
•  Processing of uranium ore 
•  Uranium hexafluoride production 
•  Geology of uranium and thorium deposits 
•  Theoretical and experimental physics 





Panel discussion questions 

1. What are the best practices and roles for university research and export control for tritium technology, 
since published general scientific research is generally excluded from export control? 

2. Should there be more guidelines and controls of research and publications and export control language 
since 10 CFR 810 is silent on tritium as a special nuclear material (SNM)? 

3. Should tritium be specifically identified as a SNM? 

4. Should the TFG play an active role in drafting guidelines related to what is or is not export controlled or 
classified, particularly for fusion energy research with tritium, which encompasses neutron 
multiplication, tritium breeding, processing, storage, isotope purification, isotope separation, water 
detritiation, and tritium barrier and permeator materials development, particularly as the US fusion 
program is collaborating at the university (UCLA) and lab (INL) sites with ITER member domestic 
agencies from China, EU, India, Japan, South Korea, and the Russian Federation. 

5. What are the lessons learned from past TFG activities in the public domain? 

6. Which activities are the TFG able to provide data that will eliminate duplication?   

7. Which new activities are the TFG interested in collaboration?   

8. Which activities will answer questions needed for safe successful ITER operation?  

9. What collaborations should take place on JET to maximize the knowledge capture during the last D-T 
volumetric fusion neutron source operations between now and ITER (2030+)?  

 

TFG/Office of Science/Fusion Energy Panel Discussion Questions 
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