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1 – Introduction & motivation
 Increasing effort to develop highly accurate multi-physics approaches 

for nuclear reactor analysis of complex phenomenology. 
 Increasing demand from designers, operators, regulators and other 

stakeholders.
 Several projects around the world oriented to provide high-fidelity 

results improvement of local phenomena calculation & provide 
reference solutions).
 Under this framework, the McSAFE project started in 2017 under 

Horizon 2020 (EU):
McSAFE: High –Performance Montecarlo Methods for SAFEty
Demonstration:

 Cooperation between code developers, methods developers 
and industry stakeholders.

 12 partners from 9 countries around EU and an extended 
community of users around world.
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2 – McSAFE: high-fidelity multiphysics

 Move towards high fidelity multi-physics calculations using 
advanced codes and methodologies.
 High performance Monte Carlo (MC) codes to become 

valuable tools for core design, safety analysis and industry 
like applications for LWRs of gen II and III. 
 Final scope: NPP core level calculations including depletion 

and TH-feedback in a full scope approach (i.e. pin level):

Develop a Serpent2-SUBCHANFLOW coupling 
scheme to be used in pin-by-pin steady-state and 
depletion calculations (towards full-core)
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3 – Serpent2-SUBCHANFLOW coupling
 Serpent2: continuous-energy Monte Carlo particle transport.
 SUBCHANFLOW: COBRA-based subchannel thermalhydraulics.
 Object-oriented design:

• Problem base class (ICoCo): generic multiphysics interface.
• Enhanced flexibility, maintainability and code reusability.
• Experimental implementation strategy.

 Backup strategy: master-slave coupling (proven, reliable and efficient).

C++ supervisor program

Fortran90 library

SUBCHANFLOW

C library

Serpent2

C++ base 
class (ICoCo)C++ subclass C++ subclass
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 Serpent2:
• Multiphysics interfaces based on superimposing meshes on the tracking 

geometry to set densities and temperatures and get power.
• Internal (nested) meshes represented as (MEDCoupling) unstructured 

meshes for feedback exchange and interpolation.
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4 – Mesh-based feedback exchange (2)
 SUBCHANFLOW:

• Subchannel model defined by hydraulic parameters and connectivity.
• Coolant and fuel (MEDCoupling) unstructured meshes define the channel 

and rod geometry for feedback exchange and interpolation.
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4 – Mesh-based feedback exchange (3)
 Example: power transfer.
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Interpolation
Field transfer and 

interpolation handled 
by the supervisor.
 Interpolation done 

using MEDCoupling.
Master-slave 

coupling: mappings 
generated with this 
strategy.
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5 – Verification with VERA - Problem 6 (1)

 Pin-wise power, integrated axially:

 Multiplication factor:

M. García, D. Ferraro et al – M&C2019

Result Keff ΔKeff (pcm)
VERA-CS 1.16361 -
RMC-CTF 1.16239±0.00010 -90
MC21-CTF 1.16424±0.00003 47

MCNP6-CTF 1.16500±0.00006 103
Serpent2-SCF (OO) 1.16552±0.00003 141
Serpent2-SCF (MS) 1.16560±0.00003 147

 Multiplication factor:
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5 – Verification with VERA - Problem 6 (2)
 Axial power profile, integrated pin-wise:
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5 – Verification with VERA - Problem 6 (3)
 Axial power profile, for pins 2 and 4:
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5 – Verification with VERA - Problem 6 (4)
 Axial coolant temperature profiles, for channels A, B and F:
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5 – Verification with VERA - Problem 6 (5)
 Performance and convergence:

• No significant overhead between 
the object-oriented and master-
stave approaches.

• Relatively small gain from using 
acceleration methods.

• MC uncertainty quickly reached.
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6 – Conclusions and further work
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 Object-oriented Serpent2-SUBCHANFLOW coupling:
• Enhanced flexibility, maintainability and code reusability.
• Suitable for cooperation within the McSAFE project.
• Successful verification with Problem 6 of the VERA benchmark.
• No overhead observed with respect to the master-slave approach.
• Geometry agnostic capabilities assessed (VVER, PWR, etc.) 
(see to paper ANE 135  “Serpent2-SUBCHANFLOW pin-by-pin 
modelling capabilities for VVER geometries” – M García et al.)

 Further work:
• Towards full-core depletion:

- Memory bottleneck → Collision-based Domain Decomposition (CDD).
- Speedup optimization with CDD.

• Coupling with TRANSURANUS (fuel-performance).
• Validation with VVER-1000 and Konvoi PWR plant data.
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Serpent2-SCF VERA FA model
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