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1. Extended abstarct
Recently, 3D Light Water Reactor core simulator DYN3D was extended to perform steady-state and transient calculations of Sodium cooled Fast Reactors (SFR) on reactor core level [1]. The essential supplementary methods included, among others, time-dependent axial and radial core expansions models.
Scaling up the simulation capabilities to system level requires the coupling of DYN3D with thermal-hydraulics (TH) system code capable of sodium flow modeling. Moreover, the coupled code system should be able to model thermal expansions of out-of-core (OOC) structures (e.g. control rod drive lines (CRDL), primary vessel, core support structure, etc.) impacting the effective position of the control rods.
In this study, the adaptation of existing coupling of DYN3D with the TH system code ATHLET to transient analyses of SFRs is described. In addition, the capabilities of the coupled ATHLET-DYN3D are verified and validated using the Phenix reactor natural convection test [2] and the Superphenix (SPX) startup transient benchmark [3]. 
For the Phenix modelling, the application of the stand-alone DYN3D code with internal TH module for this benchmark exercise has already been reported [4]. Thus, the application of the coupled code system in this study had a twofold objective.
First, the TH models of ATHLET and result of the coupled solution are verified at the core level in comparison with stand-alone DYN3D and its TH module. The same core model and few-group cross section (XS) data applied in [4] were used in the current study. The XS were parametrized with respect to fuel and sodium  temperatures, radial expansion of the core driven by expansion of the diagrid plate, and axial expansion of the core driven by cladding temperature. A simplified TH model in ATHLET was developed consisting of 1D channels connecting the inlet and outlet plenums. The channel parameters in ATHLET were identical to those of the stand-alone DYN3D model. In this way, the developed coupled DYN3D/ATHLET model of the core is equivalent to the stand-alone DYN3D model. For the simulated transient, a reasonable agreement was stated between the results obtained with the stand-alone DYN3D code and with the coupled ATHLET-DYN3D system without modelling of OOC and corresponding CR position feedback effect. 
Second, the simulation was extended to account for the thermal expansion of the OOC structures, driven by sodium temperature at different locations, thus introducing an additional reactivity effect due to variation of CRs position. The simplified models and parameters were selected for primary vessel, conical shell, and strongback for calculation of expansion based on the core inlet temperature as boundary condition for the transient. For the coupled simulation with modelling of OOC, the effect of the CR position change becomes noticeable at the end of the simulated time period, resulting in a correction of the outlet sodium temperature, reactivity and power shape. The decomposition of reactivity for this simulation is shown in Figure 1, where the net reactivity in the case without OOC is also presented for the comparison. 
For the analysis of the SPX startup transient benchmark, the ATHLET model was adopted from the previous related study, where ATHLET was applied to the SPX calculations as a stand-alone code [5] with point kinetics approximation. The TH model with the simplified approach for modelling of the structures of vessel, diagrid and strongback was used, as recommended in [3]. The 24-group XS library was prepared with Serpent [6]. The XS were parametrized with respect to fuel and sodium temperatures, radial diagrid expansion, and axial fuel expansion driven by fuel temperature. Reasonable agreement was observed for main parameters as compared to the experimental data.
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[bookmark: _Ref474425344]FIG. 1. Transient evolution of the reactivity and its components in Phenix reactor natural convection test calculated with the ATHLET-DYN3D coupled system with account for out-of-core structures thermal expansion
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