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Monte Carlo method for the design of nuclear 
power reactors and research facilities
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Monte Carlo method models the inherent stochastic nature of particles through a probabilistic approach. Such
codes are fundamental tools for nuclear systems analysis and experiments preparation. Results of interest are
response functions of particle flux in the system. Simulations regard either fixed source or eigenvalue problems.
The first ones present a given source of particles: the transport equation has a source term. The eigenvalue
problems concern multiplicative systems (i.e. including fissile materials: source depends on the system itself).
Examples of eigenvalue problems are about power reactors (Gen-III EPR, Gen-IV LFRs) and research reactors
(TAPIRO). Flux distributions are obtained; sensitivity and uncertainty analysis regard the multiplication
coefficient with respect to parameters of interest. Fixed source problems are about irradiation tests at n_TOF
facility (CERN) and studies of subcritical systems (ADS). Used codes are MCNP6.3, OpenMC and Geant4.ௗ

Core Flux shape: first eigenfunction

Eigenvalue Problems

𝑘 𝐿𝜙 = 𝑀𝜙 𝜙 𝑟, 𝐸, Ω෡ :

Particle flux by (static) Boltzmann equation (no source):Particle flux by (static) Boltzmann equation (no source):

𝒌 ∶ multiplication coefficient (eigenvalue)multiplication coefficient (eigenvalue)

flux at given position, 
energy, direction 
flux at given position, 
energy, direction 

Fixed Source Problems

𝐿𝜙 = 𝑀𝜙 + 𝑆

Particle flux field solved by (static) Boltzmann equation:Particle flux field solved by (static) Boltzmann equation:

𝑀, 𝐿 : multiplication and leakage operatorsmultiplication and leakage operators

𝑆 𝑟, 𝐸, Ω෡ : Particle source (position, energy, direction)Particle source (position, energy, direction)

Flux and responses: solution by source

Nuclear Power ReactorsNuclear Power Reactors

Nuclear power reactor
(Gen-III-EPR)

Reactor core
(power distribution)

• supporting core design 
• fuel cycle, burnup, depletion
• safety analysis
• material damage
• radiation protection

• supporting core design 
• fuel cycle, burnup, depletion
• safety analysis
• material damage
• radiation protection

Flux at positions for vessel dose – detector dose

n_TOF Experimental facilityn_TOF Experimental facility

• experiment preparation
• detector design 
• data analysis and 

comparison

• experiment preparation
• detector design 
• data analysis and 

comparison

neutron cross-section
neutron physics 

experiments

Neutron
time-of-flight

facility

Nuclear Research ReactorsNuclear Research Reactors

TAPIRO reactor cross-section

TAPIRO reactor 
at ENEA Rome

Minor Actinides irradiation (Gen-IV)

243Cm241Am239Pu235U
244Cm243Am240Pu238U
245Cm-242Pu237Np

Sensitivity for
integral parameters

Accelerator Driven Systems Accelerator Driven Systems 

• core design 
• breeding
• fuel/waste burning
• system coupling

• core design 
• breeding
• fuel/waste burning
• system coupling
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