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Addressing the fusion science and technology development needs of the accelerating fusion energy deploy-
ment timeline requires a deep understanding of the interaction between materials and the complex physics
and engineering processes in the extreme fusion environment. Plasma facing materials, for example, are
subject to extreme thermal loads, repeated thermal shocks, and bombardment by 14 MeV neutrons, plasma
ions, and neutral particles (deuterium, tritium, and helium), whose interactions with material and system
performance are complex. Advanced multiphysics modeling and simulation capabilities offer great potential
for accelerated scientific and engineering studies through a high-fidelity, multiscale approach resolving these
convoluted interactions. The open-source Software for Advanced Large-scale Analysis of MAgnetic confine-
ment for Numerical Design, Engineering & Research (SALAMANDER) framework addresses these needs by
leveraging the Multiphysics Object-Oriented Simulation Environment (MOOSE) framework to model the en-
vironment and response of plasma facing materials. SALAMANDER integrates various MOOSE capabilities,
including the heat transfer, solid mechanics, and thermal hydraulics modules, along with MOOSE-based ap-
plications such as Cardinal (neutronics and computational fluid dynamics) and TMAP8 (Tritium Migration
Analysis Program, version 8). SALAMANDER also supports dedicated plasma edge modeling capabilities for
plasma-material interaction simulations. By capturing these physics, SALAMANDER can accurately predict
the fusion environment and simulate component and system performance.
We will introduce SALAMANDER as a MOOSE-based Multiphysics capability and present its current capabil-
ities. We will describe an example case for a divertor monoblock focusing on interactions between its envi-
ronment and component performance, as well as future plans focused on expanding ongoing TMAP8 efforts
to higher fidelity through multiphysics simulations. This example will highlight SALAMANDER’s modular
design and how it enables collaborations for massively parallel multiphysics simulations. SALAMANDER is
being developed following the INL SoftwareQuality Assurance plan PLN-4005, ensuring rigorous verification,
continuous integration and adequacy for purpose. Its open access, on the other hand, enables a community-
driven development and wide usage. These features support SALAMANDER in advancing fusion research,
design, and performance evaluation.

Country or International Organisation
United States of America

Affiliation
Idaho National Laboratory

Speaker’s email address
pierreclement.simon@gmail.com

Author: SIMON, Pierre-Clément (Idaho National Laboratory)

Co-authors: LIETZ, Amanda (North Carolina State University); NOVAK, April (University of Illinois, Ur-
bana-Champaign); ICENHOUR, Casey (IdahoNational Laboratory); MrYILDIRIM, Emre (Tokamak Energy); GALL,



Grayson (North Carolina State University); GIUDICELLI, Guillaume (Idaho National Laboratory); TRUEBA, José
(Tokamak Energy); CARASIK, Lane (Virginia Commonwealth University); YANG, Lin (Idaho National Labora-
tory); HARBOUR, Logan (Idaho National Laboratory); ELTAWILA,Mahmoud (University of Illinois Urbana-Cham-
paign); SHIMADA, Masashi (Idaho National Laboratory); ROBINSON, Matthew (Tokamak Energy); HINTON,
Nathan (Tokamak Energy); FRANKLIN, Trevor (Virginia Commonwealth University)

Presenter: SIMON, Pierre-Clément (Idaho National Laboratory)

Session Classification: Data Techniques

Track Classification: Simulation and Modelling Techniques


