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The Multiphysics Object Oriented Simulation Environment (MOOSE) framework is an open-source code mostly written in C++ that provides a framework to develop finite element-based applications for performing computational analysis [1]. The framework enables massively parallel computation and has been successfully run on up to 50,000 processor cores. It provides interfaces to the user through which customized physics, geometries, boundary conditions, material models can be easily implemented by the user without any need to consider the intricacies of the finite element solve which are handled internally by the framework. Thus, one of the unique features of the framework is that it provides users the ability to solve a problem of interest involving complex underlying physics. 
The framework has been used to develop several applications which are used for research and development of light water reactors, high temperature gas cooled reactors, molten salt reactors, liquid metal fast reactors, and microreactors [2-9]. Figure 1 shows an overview of the MOOSE framework, different applications based on the framework and using specific modules from it, and several applications which, while not directly based on MOOSE, can still be used alongside with MOOSE based applications to perform analyses. Due to easy couple-ability of different applications with parallel scalability, multiphysics and multiscale analyses can be easily performed.
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FIG. 1. The MOOSE framework is comprised of several physics and mathematics modules which are leveraged upon by the several applications built using MOOSE. Several other applications which are not based on MOOSE can be also coupled with MOOSE based applications and used alongside in performing a computational analysis.
More recently, MOOSE has been used to develop the application Tritium Migration Analysis Program (TMAP8) for supporting research and development for fusion reactors. TMAP8 is a MOOSE based application that is currently being developed for system-level mass and thermal transport calculations related to migration of hydrogen isotopes. The TMAP code was first written in FORTRAN in late 1980s for safety analysis of fusion systems. Several extended versions of the code were released later: TMAP4 (1992), TMAP2000 (2000) and TMAP7 (2004). The code has been used for several real-world applications which include analysis of advanced systems such as International Thermonuclear Experimental Reactor (ITER), for supporting fusion safety related experiments and estimates involving tritium production technologies. 
The TMAP7 code could model trapping of three separate traps and up to ten diffusing species. The code could automatically generate the heteronuclear molecular partial pressures using the solubilities and partial pressures of the homonuclear molecular species. Several species present at the metal surface do not themselves diffuse but contribute significantly to the reactions with diffusing hydrogen isotopes. The code accounted for the dynamic generation of these surface species and their role in the diffusion of the isotopes. The TMAP8 code is being developed to retain as well as significantly improve the modelling capability of the previous versions of the code. All these features of TMAP7, regarding heat transfer, mass flow between the enclosures and chemical reactions within the enclosures, will be retained in the TMAP8 code, however, the capability of the code in terms of the size and complexity of the analysis will be significantly improved by taking advantage of the MOOSE framework and modern parallel computing resources.
The MOOSE framework is an excellent example of technologies that are supports both fission and fusion research and development. Many of the applications that have been developed using MOOSE are being actively used for the advancement of fission reactors. With the development of TMAP8 and potentially other applications in the future, we expect to see significant contribution of the MOOSE framework to the development of fusion reactors.
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