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1. Introduction 
 
Hybrid fusion-fission reactors are currently being studied due to their ability to transmute actinides through 
fission reactions. Because it has a high hardened neutron flux (about 14.1 MeV of energy) originating from 
the deuterium and tritium (D-T) fusion reactions in the fusion reactor core, it increases the probability of 
inducing fission in the transuranic nuclides [1] decreasing its high radiotoxicity and long decay half-life. 
 
The fission system coupled to the fusion reactor is inserted after the Plasma Chamber in the core of the reactor 
operating in subcritical mode [2]. This region, loaded with reprocessed fuel from LWR plants, is submitted to 
two spectra of neutron fluxes: the first, corresponding to the fission reactions that occur in the transmutation 
layer (TL) and the second one is due to the D-T fusion reactions which produce neutrons with high energy 
and flux. The combination of these neutrons sources increases the probability of transuranic transmutation. 
 
The Nuclear Engineering Department at the Federal University of Minas Gerais (DEN/UFMG) has been 
developing works on computer simulations for different nuclear reactors and hybrid systems, to study 
alternatives for the closed fuel cycle. A Fusion-Fission Hybrid System (FFHS) model developed is based on 
the materials and radial dimensions proposed by ITER [1] but with certain modifications made to its 
dimensions to introduce a transmuting layer (TL) into the system [3, 4]. In a previously developed work [5], 
modifications in the modeling of the fusion reactor were studied, specifically the insertion of the Divertor 
system, which is a component on a Tokamak type fusion reactor, and which are of extreme importance. This 
Divertor system inserted in the SHFF model was also based on the ITER Divertor system, which is currently 
being manufactured [6]. Its main function is to extract impurities that accumulate in the plasma, mainly due 
to erosions in the materials that make up the first wall of the Plasma Chamber. 
 
Since changes in the geometry or material of the fusion system can affect the neutron flux in the fission system, 
this work intends to monitor and analyze the neutron spectrum corresponding only to the neutrons that are 
scattered along the bottom of the Plasma Chamber, until they reach the initial surface of the TL. For this, a 
comparison of hybrid fusion-fission systems with and without the Divertor component is performed, in order 
to verify the fraction of neutrons that reach the initial surface of the TL: the fraction of neutrons that undergo 
scattering with the materials of inter coating; and the fraction of neutrons that do not suffer any collision on 
the way until they reach the initial surface of the TL (E ~ 14.1 MeV). 
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2. Methodology 
 
Fig. 1 shows the two-dimensional modeling of the hybrid fusion-fission reactor, without the Divertor 
component. The geometry is represented by the intersection of cylinders and planes limiting the different 
fusion device layers, as well as the TL [7]. The materials used were according to the ITER guidelines [6] and 
the paper [8]. 
 

 
 

Figure 1: System 1 with the transmutation layer and no Divertor. 
 
 
The model above was modified to insert the Divertor component in the lower part of the Plasma Chamber, 
based on the reference ITER Divertor [6, 9] and is represented by intersections of flat and cylindrical surfaces. 
 

 
 

Figure 2: System 2, the modeled Divertor with cylinders and planes.  
 
 
The two systems have the same volume for the TL of 105.194 m3, for the Plasma Chamber of 837.000 m3 and 
for the volume fuel about 74.050 m3. The TL is load with a hexagonal lattice containing the fuel rods and the 
coolant, its location is inside the block shield and next to the heat sink component. The fuel used in the TL 
was a spent fuel from a PWR reprocessed by the GANEX technique and then spiked with thorium until reach 
11.5% of fissile material such as uranium-233 [9]. 
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To calculate the neutron flux resulting from the scattering in the bottom of the Plasma Chamber, SSW and 
SSR cards available by code MCNP5. They allow writing and reading surface source files, respectively, 
enabling tracking of particles by a system. Initially the two systems will run with a value of 1.0E+08 particles. 
 
 

3. Expected Results 
 
The objective of this work is to make a comparative analysis of the fusion neutron spectrum that reach the 
initial surface of the TL after making changes in the geometry of the fusion reactor. The fusion neutron 
spectrum can influence the neutron flux in the TL volume, thus affecting the transmutation of actinides present 
in the fuel. In a previously carried out study [5], an increase in the neutron flux in the volume of the TL was 
verified for the hybrid system modeled with the Divertor component, as can be seen in Figure 3 and Table 1, 
for the fuel at Beginning of Life (BOL). 
 

 
 

Figure 3: Neutron fluxes for the two systems in the TL region and for fresh fuel. 
 

 
Table 1: Neutron fluxes and relative errors calculated for fresh fuel systems. 

 
 System 1 System 2 

Thermal Neutrons (%) 0,037 0,036 
Intermediate Neutrons (%) 69,642 70,186 

Fast Neutrons (%) 30,321 29,779 
Total Flux (n.cm-2.s-1) 1.619E+15 4.799E+15 

Total Flux Relative Error 7.000E-04 1.200E-03 
 
 
The population of neutrons, for the most part, corresponds to neutrons with intermediate energies (0.5E-06 < 
E < 0.5 MeV), being larger for the system with the Divertor component. Therefore, we intend to track the 
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fusion neutron spectrum that reaches the initial surface of the TL and its influence on the fission neutron 
spectrum. 
 
 

4. Conclusions 
 
The probability of inducing fission in transuranic nuclides is higher for systems that produce hardened neutron 
fluxes. Hybrid fusion-fission systems can produce neutrons of 14.1 MeV of energy through D-T fusion 
reactions, reactions with a larger fusion cross section at low kinetic energies of the particles. Therefore, 
changes in the source of fusion neutrons, whether due to changes in the geometry or materials of the fusion 
system, directly impact the spectrum of fission neutrons. 
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