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Limiting efficiency of deuterium plasma based fusion neutron source
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The prospect of fusion energy production in high-temperature plasma is now considered practically only on the basis of the reaction of deuterium and tritium (D–T) in tokamak type magnetic containment devices. To realize the reactor, it is necessary that the plasma power gain factor reach a value of Q = 5–10. The problem of creating a reactor is the lack of structural materials with the necessary radiation resistance under conditions of neutron fluxes of 1 MW/m2. Another direction is the source of fusion neutrons. This is a less powerful and relatively compact device with a reduced level of neutron fluxes and a gain of Q = 0.1–1 depending on the purpose (driver of a hybrid “fusion–fission” reactor, a radioactive waste burner, a material testing device, etc.). The use of the D–T reaction involves the production of tritium, which is also associated with significant technological difficulties. Therefore, we consider the possibility of using the D–D reaction, among which the products contain tritium. Its burning can produce a noticeable yield in fast neutrons. 
The problem of D–D reaction is low reactivity. Possible increase of the reactivity will be achieved due to the powerful neutral beam injection (NBI) into the plasma [1–4]. For deuterium-based plasma, the gain can be Q = 0.2–0.5 at injection energies of 1–2 MeV. The fraction of energy in fast neutrons is more than 50%. The effect of additions of lithium isotopes to deuterium plasma was analyzed [5]. The calculations show possibilities to realize the essential neutron yield from the tritium-lean deuterium-based plasma. The estimates of the parameters needed for the realization of a source of tokamak based fusion neutrons are presented. Requirements to different magnetic confinement systems are discussed respectively with the proposed concept.
The efficiency of the power plant is considered taking into account the conversion of thermal energy. The use of a gas-cooled blanket with a solid raw material makes it possible to use one circuit with a closed gas-turbine installation similar to the scheme with a high-temperature gas-cooled reactor with spherical fuel elements. Helium is preferred as a heat carrier, but the use of other gases is not excluded.
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