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Organization (as of February 2015) 
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5 Research Groups + 1 Facility Group  3 Research Projects + 1 Decommissioning Project  

+ 11 Master Students  & Praktikants 
40 Staff  60 % Scientists  and  40 % [Post-Docs & PhDs]  
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Mission 

• Develop and qualify simulation methodologies for integrated safety assessments for 
current and advanced reactors 
 

• Act as a scientific support and TSO unit for national and international partners for the 
safe operation of current and advanced Nuclear Power Plants 
 

• Design, carry out and interpret reactor experiments and fuel characterization 
measurements to validate reactor physics codes and improve nuclear data 
 

• Perform conceptual design studies on innovative reactors for waste reduction and 
incineration as well as safety enhancement and risk minimization 
 

• Contribute to the education of the future generation of nuclear engineers and 
scientists, with focus on reactor physics, integrated reactor analysis and reactor 
experiments 
 

 



Laboratory for Reactor Physics and Systems Behaviour 
Nuclear Energy and Safety Department 

(Page 4/34) NES Competences and Highlights 18.03.2015 / LRS  

Strategic Goals 
• Build and maintain a High-Fidelity simulation platform for LWR cores (Higher-Order 

Deterministic Neutron Transport, Full-Core Subchannel Analysis, 3D Thermal-Mechanical Fuel 
Modelling) 
 
 

• Development of computational tools (including Open Source CFD) for Uranium and Thorium 
Closed Fuel Cycle and Safety Analysis of SFR and MSR 
 
 

• Consolidation of an Integrated Methodology for the Treatment of Uncertainties and Sensitivities 
in all Modelling Areas 
 
 

• Build up Knowledge in Component Activation, Storage and Transport Safety, and the relevant 
Nuclear Safety Regulations for Decommissioning of Nuclear Installations 
 
 

• Advanced fuel modelling during base irradiation and transients (LOCA, RIA, PC(M)I) 
 
 

• Establish an experimental “home base” at CROCUS, foster cooperation with the Hot Laboratory 
at PSI, and take benefit of the huge PROTEUS experimental data base 
 
 

• Expansion of the Teaching Activities of LRS within the Nuclear Master Program of EPFL/ETHZ, 
but also establishing new educational schemes for non-university partners   
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LRS Highlights 
 

STARS  
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Multi-Disciplinary   LWR Safety Analyses 

ISO-9001 
 

Multi-Partner                       Program 

Multi-Physics Multi-Scale    Code System 

Multi-Scope                   TSO Mission 

 Normal Operation 
 Operational Transients 
 DBA and Beyond DBA 
 Criticality Safety 
 Fluence, Dosimetry 
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TRACE Modelling of the Swiss Reactors 
 Research towards Consolidated V&V Strategy 

Sub-Channel Modelling with COBRA-TF 
Validation for OECD/NEA  BFBT Void/CHF Experiments 

CFD Modelling for Multi-Physics Safety 
Validation of STAR-CCM+ for  MSLB Applications  
(Juliette Coolant Mixing Experiments) 

First Assessment of OpenFOAM  for LWR Applications 
(ROCOM Buoyancy-driven mixing tests) 

Experiment 
Temperatiure Fields at  
Downcomer Inner Section 

STAR-CCM+ 

Temperatiure Fields at  
 

OpenFOAM 

Systematic Tracking of  
QoIs Evolution  

over M-Dimensional Space   
for each Transient 

 

STARS                                             RND Samples 2014 – Plant Behaviour 
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Full-Core Pin-by-Pin 3-D Transport 

Hybrid Stochastic/Deterministic Methods 
Development of Coupled CASMO/Serpent Depletion 
Scheme 

Reactor Dynamics and BWR Stability 
Validation of SIMULATE-3K and TRACE/S3K 
(Oskarshamn-2 Feedwater Transient and Stability Event)) 

Signal and Noise-Analysis Methods 
Development of Continuous-Structural ARMA Method  for  
Plant Diagnostics and Causality Analysis 
Application to KKL C20 Start-Up Stability Event  
Steam Flow  Neutron Flux Causality indicated by CSARMA 

 
 

 

 
 
 
 
 
 
 

 
 

Evaluation of CASMO Numerical Biases in SNF Isotopics 
 
 

 

 
 
 
 
 
 
 

 
 

Development of CASMO/SPH Algorithm for  
Pin-Cell Homogenized 3-D Solvers 

Comparison CASMO vs nTRACER w/o SPH for UO2/MOX Cluster 
 

 

 
 
 
 
 
 
 

 
 

STARS                                                   RND Samples 2014 – Core Physics 
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Advanced Fuel Behaviour Models for FALCON 
New methodology  to account for  “Fuel Restructuring”  
during LWR Fuel Base Irradiation (BI) at very High T 

Falcon V1 Code Development 
August 2014 - LRS/STARS becomes member of 

EPRI  Falcon Development Team 
PSI Advanced Gas Release and Swelling Model  (GRSW-A) 

integration in  Falcon V1.3 Release 
 

The impact on thermo-mechanical
behaviour is due to influence of FGR on
gas pressure, additional pellet swelling
caused by gaseous bubbles and effect of
temperature on thermal expansion
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lower thermal conductivity of Xe released
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The impact on thermal state
is due to gaseous porosity
which leads to thermal
conductivity degradation

Development of BWR “Fission Gas Trapping Model”  
due to Pellet-Clad Bonding 
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STARS                                               RND Samples 2014 – Fuel Modelling 
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STARS                                                  RND Samples 2014 – Multi-Physics 
Development of the “COBALT Loop”  

for Coupled Plant/Core/Fuel Safety Analyses  
of the Swiss Reactors 

Motivation 1:  
Reference Best-Estimate Transient Analysis Methodologies 
 

Motivation 2:  
Automated and Integrated Scheme for  
Multi-Physics Uncertainty Propagation 

Development of new  
“External Coupling Scheme” for  

TRACE/S3K Coupled Plant/Core Analyses 
Internal Coupling – All T-H with TRACE 
 

External  Coupling – Core T-H with S3K 
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PSI Activity Mn 

KKG C27 Scrapping Tests (C vs E for Mn Activity) 

Enlarged Validation of  
STARS/MCNPX Fluence Scheme 

Studies with CFD (OpenFOAM) 
of KKG Vessel Coolant Conditions 

Establishment of PERFORM-60 for Microscopic and  
Macroscopic Modelling of RPV Embrittlement  

RPV3 Module – Microstructure Evolution and 
Estimations of  ∆DBTT for Swiss Conditions 
 

AFTM Module   
Macroscopic Flow Behaviour  
and Fracture Toughness 
 Coll. LNM 
 

Multi-Physics Multi-Scale Integrated Methodology for  
Swiss RPV Ageing 

STARS                                                  RND Samples 2014 – Multi-Physics 
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STARS                                    RND Samples 2014 – Uncertainty Analysis 
Nuclear Data Uncertainty/Sensitivity Analysis 
ND Propagation in CASMO/SIMULATE Swiss Core Analyses   
Convergence Studies for Optimal # Samples  
(Main Challenge: 1 Core Sample ~ 5-10 GB Model) 

ND Propagation in MCNP Analyses 
Assessment of new Global Sensitivity Analysis Method  
for LWR Applications 

Manufacturing and Technological Uncertainty Quantification 
PSI MTUQ Methodology for 
Arbitrary Perturbations of 
Large MCNP Models 

Application to KKB Wet Storage Pool CSE+BUC 
(Uncertainty of FA Location within Absorber Box)  

Test study with an absorber box dimension: 
MTUQ-Global: Kef σ=388pcm
MTUQ-Individual: Kef σ=88pcm
Convention OFAT: ΔKef =409pcm; ΔKef/SQRT(N)=46pcm

• With conventional “global” methods (SUSA),  
uncertainties overestimated  

• Low Effects of  
Intra-assembly Individual Perturbations 
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Thermal-Hydraulic Physical Model Uncertainties 
Participation to OECD/NEA/CSNI PREMIUM 
(Reflood  Model Uncertainties during LOCA)  

STARS                                    RND Samples 2014 – Uncertainty Analysis 
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STARS                                                                        Scientific Support 2014 
Core Reload Licensing  

1st Time “Blind-Mode” Verification for ALL Reactors 
Comparison PSI/Vendor Results for KKG Cycle 36  Critical Boron  

Periodic Safety Reviews 
TRACE Modelling and Analyses of  KKG SGTR Scenarios 

Effect of Wall Fraction through Ruptured Tube on Releases  

 
 

 
 

 

Code Licensing 
Review of KKM PRIME Fuel Performance Code 

with Benchmarking against Falcon/GRSW-A 

SIMULATE-3 Evaluation of Return-to-Criticality during 
Depressurization for KKG Cycle 36 

SAM Procedures 
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STARS                                                                        Scientific Support 2014 
Plant Modernization – Multi-Physics Analysis of KKL Fast Pump-Run-Up Transients  

In-depth Study of  
Transient Phenomenology 

PSI t Evaluation of  
Transient Response in  

Entire KKL Operating Domain 

Very tight and Fast NK/T-H Dynamical effects  

Fuel Safety Criteria – Core-Wide Estimates of Fuel Rupture/Dispersal (Coll. ENSI/NRC/PSI) 
Development of “COBALT Loop” Modules for BWR Multi-Physics “FULL CORE LOCA” Analyses 

Comparison  
PSI/S3K vs AREVA/S-Relap/RAMONA  

 

Gas plenum

Cladding
(Zr-based alloy)

Fuel Pellet
(based on UO2)

KKC Cycle 30 – Assembly Bins 
 

COBALT.bohr 

COBALT.sdist 

COBALT.geom 

COBALT.bohr 

Rod-by-Rod SIMULATE-3  
Reconstructed Bundle Operating History 
 

FALCON/GRSW-A 
Base Irradiation 

TRACE System +  
Full Core Model 
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STARS                                                                                     Education 2014 
 Post-Docs 

 Criticality Safety of Spent Nuclear Fuel Geological Repositories  - NAGRA Collaboration  
 Deterministic (TRACE) / Probabilistic Dynamics – LEA Collaboration 
 Physics-based Modelling of RPV embrittlement –SN/ LNM collaboration 
 Atomistic modelling of Chromium doped fuel – Sciex Program / LNM Collaboration 

 
 PhDs 

 Nuclear Data Uncertainty Propagation in MCNP Calculations (Compl. March 2015) 
 Physical Model Uncertainties in Thermal-Hydraulics Codes (Feb. 2013) 
 Fuel Fragmentation, Relocation and Dispersal during LWR LOCAs (March. 2013) 
 Methodologies for Pin-Cell Homogenization in Next Generation Reactor Core Simulators (August 2013) 
 Development of High Fidelity Depletion Solver for Spent Fuel Characterization (Oct. 2014) 
 Advanced Methodologies for PWR Neutron Noise Modelling (Nov. 2014) 

 
 

  SNF Proposals (for new Post-Docs/Phds) 
 Derivation and Assessment of CFD Anisotropic URANS Closure Models (Submitted October 2014) 
 Nuclear Data Enhancements via Simulation-Experimental Studies (under preparation) 
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STARS                                                                                     Education 2014 

 Teaching (EPFL/ETHZ) 
 Special Topics in Reactor Physics 
 Nuclear Computations Laboratory Course 

 Master Projects 
 Batch 2013-2014 – Realization of 4 Master Projects  

− Validation of PSI Fluence Scheme for KKG Axial Gradient Probes 
− Hybrid Deterministic/Stochastic Transport Depletion Scheme  
− Development and Assessment of Monte-Carlo Codes for Nuclear Data Homogenization  
− Assessment of Open Source CFD Code for OECD/NEA PKL Turbulent Flow Experiments 

 Batch 2014-2015 – Start of 3 Master Projects  
− Direct generation of TRACE plant system models using CAD geometry 
− Basement of nTRACER for direct-core PWR cycle depletion calculations  
− Atomistic simulations of irradiation damage in doped fuel 
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LRS Highlights 
 

FAST  
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FAST reactors group @ PSI 
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ASTRID sodium-cooled fast reactor: ARDECo 
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ASTRID SFR: EU project 
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CRP on  ULOF in EBR-II SFR  
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Molten Salt Reactor project: NES task force 
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SAMOFAR: framework for the new project 



Laboratory for Reactor Physics and Systems Behaviour 
Nuclear Energy and Safety Department 

(Page 25/34) NES Competences and Highlights 18.03.2015 / LRS  

Molten Salt Reactor project: SNF PhD 
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LRS Highlights 
 

Experimental Neutronics  
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PROTEUS Decommissioning 
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PROTEUS to CROCUS 
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CROCUS Reactor 
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Highlight 2014: CROCUS neutron noise 
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Highlight 2014: CROCUS neutron noise 
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List of experiments on CROCUS 
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Mechanical noise by fuel rod oscillations 



THANK YOU … 
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