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INTRODUCTION 

  

 Switzerland represented by the Paul Scherrer Institute (PSI) is a member of the Generation IV International 

Forum (GIF). In the past, the research at PSI focused mainly on HTR, SFR, and GFR. Currently, a research program 

was established also for Molten Salt Reactors (MSR). MSR has potential for high resources utilization, low waste 

production, and risk reduction with strongly reduced potential for severe accidents. It may fulfill the “low waste, low 

risk” requirement of the broad public towards a better acceptance of nuclear energy generation in the future. 

Furthermore, since MSR operates at low pressure and since both the safety approach and the fuel cycle may be 

potentially simplified, it might in the long term become more economical than current or planned nuclear reactors. 

Safety is the key point and main interest of the MSR research at the Nuclear Energy and Safety (NES) department of 

PSI. However, it cannot be evaluated without knowing the system design, fuel chemistry, salt thermal-hydraulics 

features, safety and fuel cycle approach, and the relevant material and chemical limits. Accordingly, sufficient 

knowledge should be acquired in the other individual fields before the safety can be evaluated. The MSR research at 

NES may be divided into four working packages (WP): 

• WP1: MSR core design and fuel cycle. 

• WP2: MSR fuel behavior at nominal and accidental conditions. 

• WP3: MSR thermal-hydraulics and decay heat removal system. 

• WP4: MSR safety, fuel stream, and relevant limits. 

Between all of these WPs there is dependence illustrated by Fig. 1 and each of them has an influence on the other 

three. At the same time the WPs are proposed so that there are research topics which can be independently studied 

within each of the WPs. The work plan of the four WPs is based on several ongoing or past national and 

international projects relevant to MSR, where NES/PSI participates: 

• NES internal MSR project. 

• Swiss National Science Foundation (SNF) PhD grant entitled “Small Modular Molten Salt Reactor Designing 

for Low Waste Production”, 3 years PhD from 04/2014.  

• SNF PhD grant entitled “Data Assimilation Methods for Reactor Physics Design and Safety Calculations of 

Molten Salt and High Temperature Reactor Cores”, 3 years PhD project, which should start in 2015.  

• swisselectric research project entitled “Feasibility and plausibility of innovative reactor concepts in an 

European electricity supply environment”. 2 years project from 05/2015 dedicated from 30% to MSR. 

• EU FP7 project ACSEPT (Actinide reCycling by SEParation and Transmutation), 4 years collaborative project 

2008-2012. In the frame of this project, the HERACLES database for GEMS was created at PSI.  

• EU FP7 project SACSESS (Safety of ACtinide Separation proceSSes), 3 years collaborative project 03/2013-

02/2016. The PSI contribution focuses on Mo and MgO behavior in LiKCl and on AcF behavior in LiF-AlF3.  

• EU FP7 project EVOL, 4 years collaborative project, 2009-2013, where PSI was an official observer.     

• EU Horizon 2020 project SAMOFAR (Safety Assessment of the MOlten salt FAst Reactor), 4 years 

collaborative project from 08/2015 dedicated to MSR safety. PSI is involved in several SAMOFAR tasks. 

 

WORKING PACKAGES 

 

WP1 is dedicated to identification of MSR designs appropriate for sustainable energy production and 

simultaneously limiting the waste production and granting high levels of safety. The work plan is based mainly on 

the Swiss National Science Foundation PhD grant and swisselectric research project. It is divided into two main 

phases. Initial and ongoing phase of WP1 is a parametric study evaluating major design options. The second phase 

objective is to identify a reactor design out of the choices from the parametric study. Several of the design options 

have been already evaluated [for instance 1 or 2]. 
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Fig. 1: Illustration of WPs interdependency. 

 
Fig. 2: GEMS modules, databases, and planned innovations. 

 

The WP2 is dedicated to the thermochemistry of molten fluorides. The activities are financed through the 

EU projects ACSEPT, SACSESS, and SAMOFAR and through the internal MSR project. The thermodynamics 

modelling with the PSI in-house open-source code GEMS (Gibbs Energy Minimization Software for 

Thermodynamics Modelling) [3] (Fig.2) will play a vital role in this WP. It is developed at NES since the year 2000 

under the lead of D. Kulik. MSR can be simulated by GEMS using the HERACLES database.  

The WP3 is dedicated to the MSR thermal-hydraulics simulation with two main tools: the GeN-Foam 

solver [4] for OpenFOAM and the system code TRACE coupled with the PARCS code or point kinetics [5]. It is 

financed through the internal MSR project and EU projects SAMOFAR. MSR thermal-hydraulics is peculiar from 

several points of view and there are not so many available codes which can handle all of them.  

Evaluation of MSR safety should be the main long-term aim of the NES project and particularly of the 

WP4. It is a very broad topic and the other three WPs should thus provide key inputs to support the research 

conducted in WP4. Since MSR safety strongly depends on the fuel treatment, the designing and safety evaluation of 

the off gas system may belong here. MSR safety is strongly design-dependent only few general tasks may be 

addressed in the initial phase. One of them is a simplified level-3 Probabilistic Safety Assessment (PSA) which will 

be applied to MSR to address hypothetical accidents in the nuclear energy chain. At the core of this activity is PSI’s 

Energy-related Severe Accident Database (ENSAD). For background information and more details on the simplified 

Probabilistic Safety Assessment employed compare the following report of the EU project NEEDS [6]. 

 

CONCLUSIONS 

 

 NES department of PSI is involved in many research areas related to MSR. At the current stage, the 

program focuses on several specific and independent studies, which are divided into four working packages. The 

safety is the key point and main long-term interest of the MSR research at NES.  
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