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ABSTRACT 

 

The development of a new coupled simulation capability for fast-spectrum molten salt reactors 

is presented.  This paper presents a fast chloride reactor design which has many of the major 

features of contemporary designs but is based off open literature.  The MPACT-CTF molten 

salt simulation suite is modified to have appropriate cross-section generation, neutron transport, 

an thermal-hydraulic capabilities for this reactor design.  The coupled tool is then used to 

demonstrate the behavior of this reactor as the core flow rate is varied and as the salt is depleted 

over the reactor lifetime.  
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1. INTRODUCTION 

 

Molten salt reactor technology has been gaining traction in recent years as can be seen through significant 

interest from multiple private companies investing in this technology.  In response to this interest, Oak 

Ridge National Laboratory (ORNL) is extending the Virtual Environment for Reactor Applications 

(VERA) [1] to simulate molten salt reactors (MSRs).  Previous work has documented the modifications to 

VERA to include delayed neutron precursor drift, depletion, and accuracy for a thermal MSR system 

[2,3].  One reason that molten salt technology has such interest is the diversity of designs that can be used.  

This work focuses on the development of a similar capability for a fast spectrum chloride salt system 

which has the interest of companies such as Elysium [4] and TerraPower [5].  In this paper we will first 

introduce a reactor model loosely based off the Salt reactor Onsite refueling Fast converter Task (SOFT) 

reactor  [6].  Then an overview of the methods used to analyze this reactor will be presented.  Finally, a 

demonstration of capability will be presented which includes benchmarking against Monte Carlo 

reference solutions and cycle depletion calculations. 
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2. REACTOR MODEL DESCRIPTION 

 

The reactor model description used in this work is based off the SOFT reactor but modified to represent 

more contemporary cores.  The major modification is to modify the geometry shape to represent a 

cylindrical core instead of a spherical core.  The height to diameter ratio of the cylinder is set to the critical 

height to diameter ratio for a bare core.  The reactor was then sized to have an eigenvalue close to critical 

with the original SOFT reactor plutonium chloride salt composition.  The inlet and outlet of the design are 

modeled as separate, continuous salt regions above and below the core.  The entire core is surrounded by a 

solid iron reflector.  The geometry is summarized in Table 1. 

 

Table 1: Geometry Specification for Simplified Molten Salt Fast Reactor 

Radius 160 cm 

Height 340 cm 

Reflector Thickness 100 cm 

Inlet and Outlet Height 80 cm 

 

Figure 1 shows the geometry and outlines the dimensions graphically.  It should be noted that the model 

has 100 cm of iron reflector on the top and bottom of the reactor which is not shown in Figure 1. 

 

Figure 1: Geometry for Simplified Molten Salt Fast Reactor 

 

The salt composition used comes directly from the SOFT reactor and is given in Table 2.  Here 

100% enrichment of chlorine is assumed.  The reflector is solid iron-56 at a density of 7.874 

g/cm3. 
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Table 2: Initial Salt Composition 
 

Isotope Atom % 

U-235 1.02E-03 

U-238 1.41E-01 

Pu-239 1.33E-02 

Pu-240 1.78E-03 

Pu-241 8.92E-04 

Pu-242 1.78E-03 

Na-23 1.81E-01 

Cl-37 6.59E-01 

  

Because this simulation will be coupled with thermal hydraulics, thermophysical properties of 

the salt are also defined based on values found in open literature and are documented in Table 3.  

Here all properties are assumed constant except the density, which is a linear function of 

temperature. 
  

Table 3: Thermophysical Properties of the Salt 
 

Specific Heat 0.95 kJ/kg-K 

Density 6.639 − 3.05 ⋅ 10−3T g/cc 

Viscosity 0.0217 g/cm-s 

Thermal Conductivity 0.007 W/cm-K 

 

Other parameters of interest are given in Table 4, which includes the thermal power generation, the 

velocity through the core, the cold leg temperature, and the effective length of piping outside the reactor 

core which is used to compute the concentration of delayed neutron precursors returning into the inlet of 

the core. 

 

Table 4: Reactor Parameters 

  

Power 2500 MW 

Axial velocity 100 cm/s 

Cold Leg Temperature 740 K 

Effective Pipe Length outside Core 480 cm 

 

 

3. SOLUTION METHODOLOGY 

 

The coupled simulations will be performed using the MPACT-CTF coupled code system which has been 

widely used for LWR applications and demonstrated for thermal molten salt reactor designs.  MPACT 

contains a collection of deterministic transport solvers for three-dimensional reactor problems.  The first 

step is to obtain a cross-section library that MPACT can use for its calculations.  For this work, MC**2-3 

[7] was used to generate the cross-sections for the salt and reflector in its 33-group microscopic cross-

section library at temperatures of 300, 600, 900, and 1200 K. MPACT is modified to read the ISOTXS 

file generated by MC**2-3 and then interpolate to the exact temperature for each isotope.  While the fuel 

and fission product cross-sections are generated using a homogeneous medium of the salt, the reflector 
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cross-sections are generated by using the reference SERPENT flux spectrum in the reflector region to 

account for the significant spectral changes in the reflector.  Further research will be performed to 

determine a more direct methodology to generate reflector cross-sections inside MPACT. 

 

Once the cross-section libraries are generated, MPACT can solve full core transport problems.  The 

traditional transport methodology that MPACT uses for calculations has been the 2D/1D method [8], but 

for this work, a 3D SN sweeper is implemented on a superimposed Cartesian grid.  Because of the 

cylindrical shape of the fuel/reflector interface, the cartesian grid overlay will require homogenization of 

the materials.  This is done using volume homogenization, which should be a good approximation if the 

mesh is sufficiently small compared to the average mean free path of the neutron.  A mesh sensitivity 

study will look at this impact in the results section.  To obtain closure in the finite volume SN sweeper, the 

diamond-difference scheme is employed [9].  This scheme defines the cell average flux as the average of 

the surface fluxes on two opposing surfaces in any of the three directions.  MPACT performs the SN 

sweeps in a spatially decomposed framework with a Coarse Mesh Finite Difference (CMFD) [10] 

acceleration technique to improve the overall convergence of the algorithm.   

 

In addition to computing the neutron flux distribution throughout the core, MPACT has methods to 

incorporate homogeneous depletion with continuous feed and removal, delayed neutron precursor drift, 

and thermal hydraulic coupling with CTF.  Details about the depletion and precursor drift methods can be 

found in [2].   

 

Lastly, the thermal hydraulics solution is obtained using the subchannel code CTF [11].  CTF models the 

reactor core using multiple parallel channels which have open gaps to allow mixing between the channels.  

While CTF does not have the detailed turbulence model which would be needed to capture the true flow 

paths in this reactor design, it captures many of the dominant physics and is useful for understanding the 

reactor performance in this work. 

 

The coupling scheme is a standard Picard iteration between the neutron transport and the thermal-  

hydraulics solution.  MPACT computes the power generation in all of the CTF channels and passes the 

power as a direct heat source.  CTF then uses these powers to compute the mass, momentum, and energy 

distributions in the reactor.  Once complete, the channel temperatures and densities are passed back to 

MPACT which will impact the salt number densities and the microscopic cross-sections.  This process is 

continued until both the neutronics and thermal hydraulic fields are sufficiently converged. 

 

 

4. RESULTS 

 

We are still currently gathering results for the coupled code system, but some preliminary work has been 

done to obtain solutions for both the neutronic and thermal hydraulic system. 

 

The first step in this comparison is to compare the cross-sections generated by MC**2-3 directly to an 

equivalent model in SERPENT [12].  For a homogeneous medium of the initial salt composition, the 

eigenvalues agree well.  A full core SERPENT model now allows us to assess the impact of the cartesian 

grid approximation for SN and to determine the quality of the cross-section library for a case where the 

spectrum is significantly changing.  Figure 2 shows the current MPACT power distribution in the core and 

fast flux distribution in the reflector regions.  The mesh convergence study will be complete in time for 

final paper submission. 
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Figure 2: MPACT Power Distribution in the core and Fast Flux Distribution in the Reflector 

 

Now that the errors associated with the MPACT solution are understood, coupling with CTF can be done.  

The CTF model provides a temperature and density distribution as shown in Figure 3. 

  

Figure 3: CTF Temperature (left) and Density (right) Distributions 

 

We are currently finishing the channel coupling needed for this reactor.  Once the coupling is complete, a 

series of cases will be run that will look at the impact of changing the core flow rate on reactivity and the 

impact of depletion with continuous feed and removal on the core performance. 
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5. CONCLUSIONS 

 

In this paper we present the methodology used to simulate a fast spectrum molten salt reactor with the 

MPACT-CTF coupled code system.  A reactor design is presented that is believed to be representative of 

contemporary fast spectrum MSR designs.  Then the methodology used to solve the whole core coupled 

system is presented.  Results are still being compiled and conclusions on these results will be made in the 

final paper. 
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