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Outline

Introduce the Virtual Test Bed Models

Description of the Molten Salt Reactor Experiment

Introduction to SAM and Pronghorn

Implementation of Domain Overlapping Coupling

How other modelers can apply the SAM-Pronghorn DOC for other reactor models
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Contextualizing the Virtual Test Bed Models

NRIC – National Reactor Innovation Center

NEAMS – Nuclear Energy Advanced Modeling 
and Simulations (DOE)

VTB – Virtual Test Bed 
www.mooseframework.inl.gov/virtual_test_bed
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MSRE – Molten Salt Reactor Experiment

MSRE at ORNL – Oak Ridge National Laboratory
Running Period: 1965 - 1969
More than 13,000 operational hours 

‘Mighty Smooth Running Experiment’ – Weinberg (1968)
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Computational Tools: SAM and Pronghorn 

• Fast-running, whole-plant transient 
analyses capabilities

Features: 
• 1-D pipe networks
• Point Kinetic model with various 

reactivity feedback
• Computationally efficient flow model

SAM
System Analysis Module
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Computational Tools: SAM and Pronghorn 

• Multidimensional, coarse-mesh, 
thermal-hydraulic code for advanced 
reactors

• Main area of application is analysis of 
accident scenarios

Features: 
• Leverages seamless multiapplication 

data transfer

Pronghorn
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SAM and Pronghorn Models

Pronghorn
Coarse Mesh Multi-dimensional Thermal-Hydraulics code
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SAM – System Analysis Module
System Level Thermal Hydraulic Analysis Module

SAM model of the MSRE primary and secondary 
circuits Results from the Pronghorn model
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• Numerically Stable
• Converges faster and is more accurate 

that domain-segregated approach
• Supports multiple boundaries 

Domain Overlapping Coupling
• Volumetric source terms match the 

variables of interest
− Ex: friction factor, volumetric heat 

transfer, pressure, passive scalars

Sam Pronghorn



Input File Syntax
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[OverlappingDomainCoupling]



Domain Overlapping Coupling Results on the MSRE
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Neutron Precursors



Domain Overlapping Coupling Results on the MSRE

Thermal-Hydraulics
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Domain Overlapping Coupling Results on the MSRE
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5 MW of Power, 19 pcm, 
are inserted at 0 seconds. 

All three models report the 
subsequent power drop 
due to the density-Doppler 
effect. 

However, the subsequent 
thermal oscillations of the 
neutron precursors 
completing the primary 
loop circuit is best 
captured by the 
Pronghorn-Sam DOC



Didactical Documentation on the Virtual Test Bed  
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https://mooseframework.inl.gov/virtual_test_bed/msr/msre/msre_sam_model.html



• The MSRE model was released to the VTB with didactical 
documentation

• The ODC method is easily appliable to other reactor types
− Framework allows arbitrary geometries 
− No assumption is made about the reactor being modeled
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Image Sources
NRIC -
• https://nric.inl.gov/#:~:text=NRIC%20is%20a%20nationa

l%20Department,the%20U.S.%20National%20Laborator
y%20System.

MSRE - 
• https://www.wikiwand.com/en/Molten-

Salt_Reactor_Experiment#Media/File:MSRE_Diagram.p
ng

NEAMS - 
• https://neams.inl.gov/about-us/

SAM - 
• https://publications.anl.gov/anlpubs/2021/05/166771.pdf

Pronghorn - 
• https://www.ne.ncsu.edu/wp-

content/uploads/2019/10/S5_Balestra_NUC_workshop_
sep_2019_PB1.pdf
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