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Abstract. During the last decade Thorium based fuel has been proposed as a GEN-IV option 

for nuclear energy production. Since several radiotherapy electron linear accelerators are on 

the market with excellent operability record as well as technical reliability, they could be 

employed as drivers for accelerator-driven subcritical molten salt reactors to produce energy 

or actinide transmutations including orphan sources. Linacs above 10 MV having tungsten 

anode targets generate photons with a abroad continuum spectrum that have energies above 

the nucleon binding energy and are capable of inducing nuclear transformation. 

Bremsstrahlung photons with enough energies induce (γ,n) and (e,e’n) reactions. Expected 

reactions in the accelerator’s W-target are: 180W(γ,n)179W, 182W(γ,n)181W, 184W(γ,n)183W, and 
186 W(γ,n)185W. Both, gamma radiation and neutrons emerging from the Wnat anode  

impinging on target material such as thorium or uranium induce fission releasing around 200 

MeV/fiss. Relevant photon-induced reaction information is available and cross sections 

values are published for the energy range between 10-20 MeV for the actinides, 232Th, 238U 

and 237Np. The primary photon and neutrons beam at low power (1mA, 20MV) could be 

employed as a driver for a subcritical room-temperature liquid fuel assembly to provide 

feasibility experiments. It is proposed to be employed in a simple geometry reactor core, 

interacting with a circulating fluid containing 232Th as fertile material and natural uranium as 

fissile/fertile material. Simulation by MCNP5 code is employed to determine fast neutron 

spectra, fission rate and 233U production rate. As part of the safety requirement, the ambient 

dose equivalent is determined around the assembly moderator. The nuclear track 

methodology was applied for preliminary experiments employing an 18 MV linear 

accelerator [Varian Clinac 2300] of a radiotherapy center [GURVE Servicio de Radioterapia, 

Centro Medico Docente La Trinidad, Caracas, Venezuela].   Th-loaded and Unat-loaded 

Nuclear Track Detectors were irradiated at controlled variable dose (600 MU). Charged 

particles and fission fragments induce latent nuclear tracks in polyallyldiglycol carbonate 

(PADC) (CR-39TM) detectors. These undergo chemical treatment for latent track 

development. Digitalized images were analyzed to obtain track density that provides bar-

histograms. These contain information on fission reaction rate, system efficiency and neutron 

flux.  It is expected that an accelerator operating at 1 MW power in principle could generate 

20 MW. Enhanced safety margins are expected since the fission energy producing system is 

not self-sustaining and criticality depends on the beam availability. If it is stopped the 

reaction rate diminishes readily to negligibly values. Results reported in this study will 

stimulate further development to provide a subcritical larger assembly for a Photon Driven 

Molten Salt Reactor employing a molten fluoride fuel [7LiF  72 mol  %  BeF2 16 mol % ThF4 
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10 mol %  UF4   2 mol %] for experiments, power feasibility studies and technical training in 

the frame of the Venezuelan government future nuclear energy program.  
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