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NEAMS Program
www.neams.inl.gov 

• Nuclear Energy Advanced Modeling & Simulation

• DOE-NE led program across several national labs: 
INL, ANL, ORNL, LANL

• Both LWR and non-LWR advanced reactor designs

• Divided into 5 technical areas:

− Fuel Performance

− Reactor Physics

− Thermal Hydraulics

− Structural Materials & Chemistry

− Multiphysics Application

• Primarily leveraging MOOSE framework for 
software development
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http://www.neams.inl.gov/


MOOSE Accelerates Development of High-Fidelity 
Modeling and Simulation Tools

What is MOOSE?

• Multiphysics

• Complete Platform

• Open-source

• Massively Parallel

• Flexible

• Extendable
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mooseframework.org



MOOSE Physics Modules – All Open Source!

• Chemical Reactions

• Contact

• Electromagnetics

• Fluid Properties

• Fluid Structure Interaction 
(FSI)

• Function Expansion Tools

• Geochemistry

• Heat Conduction

• Level Set

• Navier Stokes

• Peridynamics

• Phase Field

• Porous Flow

• Ray Tracing/Particle 
Tracking

• rDG

• Reactor

• Stochastic Tools

• Subchannel

• Tensor (solid) Mechanics

• Thermal Hydraulics

• XFEM
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MOOSE Reactor Module:

Building a mesh with the Reactor module [1]

1. Shemon, Emily, Yinbin Miao, Shikhar Kumar, Kun Mo, Yeon Sang Jung, Aaron Oaks, Scott Richards, Guillaume Giudicelli, Logan 

Harbour, and Roy Stogner. "MOOSE Reactor Module: An Open-Source Capability for Meshing Nuclear Reactor Geometries." Nuclear 

Science and Engineering (2023): 1-25.



Accelerating Advanced Reactor Deployment

Marmot
Mesoscale Materials

Grizzly
Structural Mechanics for

Component Aging

Griffin
Radiation Transport

Pronghorn
Medium-fidelity CFD

Sockeye
Heat pipe Simulation

Bison
Nuclear Fuel Performance
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Accelerating Advanced Fission Reactor Deployment

Working 
to Open 
Source!



Open-Source Nuclear Technologies Research

• Fission:

− BlackBear – Structural Material Degredation

− Kuglepy – PBR Serpent file generator

• Fusion:

− TMAP8 – Tritium Migration Program

− SALAMANDER - Software for Advanced Large-scale Analysis of Magnetic 
confinement for Numerical Design, Engineering & Research

− UKAEA Applications!
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MOOSE Framework Ecosystem for Non-LWR Analysis

r · kr T = 0

r ·D r u + b = 0
@c

@t
− r · (~vc) = 0

Microreactor LMFRHTGR MSRFHR

MOOSE Framework

MOOSE Modules

MOOSE-Based  
Applications

MOOSE-Coupling 
Applications

MOOSE-Wrapped 
Applications
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AGR TRISO compact modeling

Irradiate fuel containing 20 uranium oxycarbide (UCO) 

designed-to-fail (DTF) fuel particles that will provide a 

known source of fission products for subsequent transport 

through compact matrix and structural graphite materials. 

Fuel compact containing 

4,000 TRISO particles 

randomly generated from an 

MC simulation.

Temperature (K) Effective Creep

Strain (-)

Tangential

Stress (Pa)
Radial

Stress (Pa)

A. AGR-2 Compact Modeling

The AGR-2 compact is a cylindrical fuel element containing roughly 4000 TRISO particle fuels. Figure 13 shows

the three-dimensional (3-D) computational domain, with the randomly distributed TRISO particles hosted in a H-

451 graphite matrix. The height and diameter of the fuel compact are 25 and 12 mm, respectively. The TRISO fuel

properties are listed in Table III. A recent Bison capability is used to couple TRISO particles that are randomly

generated from a Monte Carlo (MC) simulation to the host matrix so that the thermo-mechanical properties of the

particles and the matrix are in simultaneous communication. For further details on the coupling approach, refer to

[25]. The simulations are performed under the irradiation conditions listed in Table IV.

Fig. 13. Fuel compact containing 4000 TRISO particles randomly generated from an MC simulation. The

particles are coupled to the host matr ix by using a recent Bison capability so that the thermo-mechanical

properties of each are in simultaneous communication.

Figure 14 shows the Bison predictions (at the end of irradiation) for temperature, effective creep strain, tangential

stress, and radial stress. Higher temperatures are observed at the core of the fuel compact, which is 30 K hotter

than at the compact exterior. The effective creep strain varies between 1.4⇥10− 4 to approximately 6⇥10− 4. The

fuel compact creeps the most at mid-height. While similar behavior is observed for the tangential stress at mid-

height, higher tangential predictions are also observed at the top and bottom center of the compact. Lastly, the

radial stress has its maximum values (around 2.0⇥106 Pa) at the top and bottom center of the compact. Overall,

the simulation results seem reasonable. A more rigorous verification and validation study will be exercised in the

future. As mentioned, isotropic elasticity is considered in this simulation, due to the lack of a creep solver option in

20 of 28

Slide credit: Derek Gaston
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Reactor Use Case: SFR

Versatile Test Reactor (VTR)

• Fully-coupled feedback model between neutronics, 
conduction, hydraulics, and structural expansion

• Codes coupled: Griffin, Bison, and SAM
• POC: Nicolas Martin (INL)

Hexagonal Assembly 

• Duct bowing simulation due to 
temperature gradient (IAEA 
benchmark) – POC: Nicolas 
Wozniak (ANL)

• Subchannel liquid metal flow 
simulation (Toshiba 37-pin 
benchmark) – POC: Mauricio 
Tano (INL)

Advanced Burner Test Reactor 
(ABTR)

• Neutronics (Griffin) coupled with 
structural thermomechancis – POC: 
Javier Ortensi (INL)

• System code hydraulic (SAM) simulation 
coupled with point kinetics model – 
POC: Rui Hu (ANL)
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Reactor Use Case: HTGR
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High-Temperature 
Reactor (HTR-10)

• Steady-state benchmarks with 
different control rod positions

• Neutronics (Griffin) with heat 
conduction (MOOSE)

• POC: Javier Ortensi (INL)

Reactor Core
Outline

Inserted CR:
Flux depression

High-Temperature 
Test Facility (HTTF)

• Coupled heat conduction 
with system hydraulics 

• Steady-state and transient 
simulations

• POC: Lise Charlot (INL)

Pebble-Bed Modular Reactor 
(PBMR400)

• Coupled neutronics (Griffin) with thermal 
hydraulics (Pronghorn)

• Multiscale modeling: core-pebble-particle
• Steady-state and transient simulations
• POC: Paolo Balestra (INL)



Reactor Use Case: FHR
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Power density [W/m3]Fluid temperature [K]

Mk-I FHR 

• Coupled core neutronics (Griffin) with core thermal hydraulics (Pronghorn) 
with plant hydraulics (SAM)

• Steady-state and transient simulations
• POC: Guillaume Giudicelli (INL)

Generic Fluoride High-Temperature 
Reactor (gFHR)

• Equilibrium core calculation with pebble tracking
• Coupled neutronics (Griffin) with thermal hydraulics 

(Pronghorn)
• Steady-state and transient simulations
• POC: Sebastien Schunert and Javier Ortensi (INL)



Reactor Use Case: MSR
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Molten Salt Fast Reactor (MSFR)

• Coupled core neutronics (Griffin) with core 
thermal hydraulics (Pronghorn) with plant 
hydraulics (SAM)

• Steady-state and transient simulations
• POC: Mauricio Tano (INL)

Molten Salt Reactor Experiment 
(MSRE)

• Coupled systems hydraulics with point 
kinetics model (SAM) 

• Steady-state and transient simulations
• Benchmarked against MSRE data
• POC: Rui Hu (INL)



Reactor Use Case: Microreactor
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Empire Design

• Coupled core neutronics (Griffin), heat pipe 
(Sockeye), and thermomechanics (Bison)

• Steady-state and transient simulations
• POC: Javier Ortensi(INL), Nicolast Stauff (ANL)

Generic Gas-cooled 
Microreactor (GC-MR)

• Neutronics (Griffin) coupled with 
system hydraulics (SAM) and 
thermomechanics (Bison)

• Steady state and transient capabilities
• POC: Nicolas Stauff (ANL)



Virtual Test Bed (VTB)
• The VTB supports NRIC’s mission of delivering successful 

demonstration and deployment of advanced nuclear energy
How?
• Library of Reference Model: database of advanced 

multiphysics advanced reactor models that users can 
download, edit, and re-run

• Targeted Model Generation: developing demonstration-
relevant models (e.g., candidates for DOME/LOTUS) to 
accelerate safety evaluations

• Continuous Software QA: linking repository to software 
development to avoid legacy issues while enabling rapid 
code development 

VTB So Far
• 50+ models hosted (and counting): 20+ reactor designs, and 8 codes 

showcased
• Collaboration with NEAMS, industry, NRC, and academia
• Help accelerate timelines for DOE/NRC confirmatory analysis
• Accelerate development cycle for industry and academia
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Reactor Demonstrations
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Contact: lise.charlot@inl.gov

mooseframework.org/virtual_test_bed
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• 30+ distinct simulations
• 14 reactor designs
• 7 codes showcased
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