Abstract

This work proposes and evaluates a Fission-Fusion Hybrid Molten Salt Reactor (FFHMSR),
combining two subsystems, a deuterium + tritium (DT) fusion reactor surrounded by a
neutron-absorbing Fusion Blanket (FB) and a critical Molten Salt fission Reactor (MSR). The
molten salt, which contains dissolved actinides, circulates at a high rate between them.

As envisioned the MSR exhibits the large Conversion Ratio of graphite moderated reactors
having small fissile and large fertile inventories. DT fusion neutrons irradiating actinides in
the molten salt release additional neutrons which increase isotope conversion and fission.
Actinide fuel is continually added while fission products are continually removed so the
system's operation never requires refueling interruptions.

The choice of molten salt as a eutectic mixture of the fluorides of lithium, sodium, and
actinide fuel is explained by eliminating other options.

System behavior is explored through simulations invoking modules from the Scale 6.1 code
package. Modules include ORIGEN which simulates evolution over time of an isotope
inventory and others for neutronics transport, criticality and cross section weighting. The
simulation automatically adjusts the ratio of fission to fusion power to maintain MSR
criticality, implemented through FORTRAN codes and associated files developed as part of
this work.

Simulations showed actinide inventories stabilizing to steady levels while fresh actinide fuel
from feedstocks of Spent Nuclear Fuel or uranium-238 or thorium-232 continued to be
added and fissioned. Required fusion was less than 1% of total power and adequate tritium
breeding was obtained. The non-removal strategy was also tried with long-lived fission
products (FPs) with the mixed results that some inventories stabilized while others did not.

FFHMSR benefits of consuming all actinides and some long-lived FPs are that waste issues
are ameliorated while available fission energy is increased by two orders of magnitude.
Proliferation resistance is enhanced by the absence of fuel reprocessing and related
transportation, by low fissile inventories and by denaturing all fissile by nonfissile isotopes.
Safety is enhanced by liquid fuel characteristics allowing emergency draining of fuel to a
passively cooled safe location while also providing a stronger negative power coefficient
than feasible with solid fuel.



