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status and prospect of fusion neutron source Design
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Intense fusion neutron sources  (FNS) may accelerate implementation of fusion technologies and provide sustainable development of fission energy enforcing the fuel cycle by fertile isotopes, beginning effective nuclide transmutation and closing nuclear fuel cycle.

A concept of the demonstration fusion neutron source has been formulated by RRC Kurchatov institute in 2010. It describes a steady state operating hybrid fusion-fission system with fusion power less than 10 MW and fission power in the blanket from 10 to 100 MW. The concept utilizes deuterium-tritium fusion reaction in a compact tokamak with major radius 0.5 m and aspect ratio 1.67 (neutron production rate ~1018 n/s corresponds to 3 MW fusion power). Several types of fission blankets with fission and non-fission multipliers and moderators of neutrons, which provide neutron multiplication and spectra shaping necessary for transmutation, fuel breeding (up to ~20 kg per year) and tritium production (up to 100 g per year). Steady state operation of the tokamak with copper coils at 1.5 MA current and magnetic field of 1.5 T is provided by neutral beam heating with the power of 10 MW. The total power consumption for the FNS is less than 60 MW. The construction cost is less than $200 M and operation cost is ~$25 M per year.

The design activity in 2011 will be realized in frames of the issued technical statement on conceptual design of the FNS. This statement is formulated on the basis of the system options considered at the FNS concept stage, evaluations of the available technical solutions realizing design and operation features of the FNS and its analogs, as well as patent information.

The conceptual design will aim at the system optimization leading to a higher fusion power closer to 10 MW, improvements of the blanket structure with the goal to reach higher neutron multiplication, thermal neutron flux over 1015 n/(cm2c) and production efficiency for fissile nuclides over 1 nuclide per fusion neutron. 

It is also suggested to start R&D assisting the conceptual design. The physics research should give new information about beam-plasma discharge with high pressure anisotropy and extremely low collisionality, corresponding to FNS conditions. The technology research should cover needs of magnetic system, vacuum vessel, divertor, neutral injection, molten salt blanket, remote handling, diagnostics, control, fuel cycle and materials. The research should include design, fabrication and tests of technology prototypes in conditions simulating FNS.
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