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ABSTRACT 
 

Small reactors design is one of the main activities of AREVA TA. At the time, 
AREVA TA main projects are oriented towards research reactors and reactors for 
military naval propulsion. Due to differences in the physics and performances to 
meet, each kind of small reactor leads to specific modelling needs. 
Many computing tools have been developed in order to successfully carry out these 
projects. These schemes are mainly based on the use of TRIPOLI, MCNP, 
APOLLO2 and CRONOS2 codes. In that framework, a multi-purpose pre/post 
processing tool named CHARM is being developed by AREVA NP in partnership 
with AREVA TA in order to integrate small reactors specification. CHARM is used to 
elaborate APOLLO2 input data while various dedicated tools are used to 
automatically generate TRIPOLI and MNCP input data. These 3D numerical 
models need a very accurate spatial description to perform specific calculations. As 
an example, for the JHR design, after calculating 3D burn up by APOLLO2/MOC 
models, the data is fed back into a TRIPOLI model used for safety analyses.  
This paper presents our methodology for the small core design and 3 examples: 
− The calculation scheme for the JHR (Jules Horowitz Reactor) neutronic studies. 

These design studies are a recent illustration of combined use of both 
deterministic and probabilistic codes, 

− The use of CHARM, with the modelling of a JHR core. The purpose of CHARM-
V2, based on Open Cascade Technology, is to provide a pre/post processing 
tool for APOLLO2/MOC, TRIPOLI4 and MCNP solvers, 

− The depletion Monte Carlo calculation of a MTR core. 
 

1. Introduction 
AREVA TA (ex-TECHNICATOME) has a great experience in small-size reactors based on 
enriched uranium cores, moderated with light or heavy water: for instance, materials and test 
reactors along with propulsion reactors (both military and civil).  
Historically, AREVA TA was created in 1972 following the merging of two CEA units 
(Commissariat à l’Energie Atomique), one specialized in material and test reactors and the 
other in propulsion reactors for the French Navy. 
 
In these areas, our main projects are: 
− Material and test reactors: …, ORPHEE, OSIRIS, PAT, CAP, RNG, RES, RJH-JHR 

(these two are still in progress), 
− Propulsion reactors: “Le Redoutable”, “Le Triomphant”, “Rubis” and “Barracuda” class 

submarines, Charles de Gaulle aircraft carrier. 
Our activity is also dealing with other nuclear reactor projects. 
 
It is noticeable that we have been and remain the operator of many nuclear facilities: 
− Test reactors, now all shutdown: PAT, CAP , RNG 
− 1 test reactor under construction, nearing completion: RES 
− Critical mock-up: AZUR  
This point is a very important fact for the core and reactor design capability (direct feedback 
of reactor operation). 



To achieve the high performances required, design of these reactors needs concerted action 
between many engineers in different technological and physical fields: mechanics, fuel and 
materials behaviours, command-control, instrumentation, thermal hydraulics, neutronics… 
All these technical fields are the basis of our activity. 
 
Performances required for a material test reactor (MTR) are significantly different from these 
dedicated to a naval propulsion reactor (NPR), though many characteristics are common: 
− The small size of the object that implies an appropriate treatment of the core-reflector 

interface and neutron leakage, 
− High level of both security and availability requirement, 
− Need of a high flexibility level in terms of experimental devices accommodation ability for 

MTR’s and in terms of fast and frequent power transients for NPR’s, 
− The use of uranium fuel up to 20% U235 enrichment (LEU), 
− The fluctuations required for the operating time of the core, 
− Small series manufacturing. 
 
To summarize, in comparison with power reactors like EPR, these small cores: 
− Are more neutronically coupled (lesser needs for an online in-core survey), 
− Needs higher uranium enrichments combined with a wide variety of burnable absorbers, 
− Have more core-reflector interface effects,  
− Require higher flexibility when in operation.  
 
The purpose of this paper is to introduce the way we use neutronic codes for core design 
activities, in a strategy using both deterministic and stochastic codes. 
 
2. Calculation schemes and codes 
Due to differences in required performances, each type of small reactor leads to specific 
modelling needs. The following method is used to carry out our projects: 
− Analysis of key values: fluxes, range of power, energy (life length), flexibilities, … 
− Choice of the most reliable computing schemes and/or development (calculation codes, 

cross section libraries). 
 
In terms of implementation, this method leads: 
− To rely on both deterministic codes (APOLLO, CRONOS) and probabilistic codes 

(TRIPOLI [NPR, MTR], MCNP [MTR]) with associated advantages meaning respectively 
sturdiness on burn up calculations on the first hand and refinement in geometric 
description and better flexibility for what concerns calculated quantities (neutron and 
gamma heating, flux perturbation in experimental devices, ...) on the other hand, 

− To use probabilistic codes at step 0 or in probabilistic depletion calculations using 
deterministic codes input (codes getting material balance from deterministic calculation 
objects) or in depletion calculations with ORIGEN and MONTEBURNS, 

− To use machine human interface (MHI) allowing to generate the main part of datasets for 
the different codes from a single description of geometries and materials and also to 
analyze the results. 

 
To illustrate these various issues, we give below three examples: 
− The calculation scheme for the JHR (Jules Horowitz Reactor) neutronic studies, 
− The use of the CHARM MHI, with the modelling of a JHR core, 
− The depletion Monte Carlo calculation of a MTR core. 
 
3. First example: Jules Horowitz Reactor – calculation scheme  
The JHR core design studies [1] are a recent illustration of combined use of both 
deterministic and probabilistic codes and of implication of CEA teams in the MTR design 
projects.  
 



In the beginning of the project, the CEA established the JHR-dedicated 3D regular geometry 
core calculation scheme HORUS3D/N V1 [1][6] based on the APOLLO2[4] and 
CRONOS2[3] codes. 
 
This calculation scheme was an 
opportunity for us to study 
various shapes of regular cores. 
Taking this into account, we 
were then convinced to be able 
to find a control rod 
management and a refuelling 
strategy that would bound the 
3D power factor, whatever the 
shape is. Step 0 Monte Carlo 
calculations allowed us to 
quickly find an optimum core 
shape which is an irregular 
geometry (close to a regular 
one) required by the high level 
of flux performances. 
 
Then the CEA developed a new 2D calculation scheme included in HORUS3D/N V2 [2]. This 
scheme is based on APOLLO2/MOC [7] solver in general geometry, including interface 
capabilities with the 3D Monte Carlo TRIPOLI4 code [8]. 
 
After calculating the 3D burn up and depletion with APOLLO2/MOC models, the composition 
data are fed back into a TRIPOLI4 model. To deal with axial phenomenon, this scheme 
includes a CRONOS2 3D calculation of the nearest regular core. 
 
The latest release of the HORUS3D/N V3.0 [13] contains APOLLO2 MOC 2D calculation 
scheme for fuel assembly and reflector in general geometry. It also contains major 
developments of a 3D calculation scheme based on CRONOS2 code including capabilities 
for irregular geometries. 
 
Those schemes are combined with several pre and post-processing tools such as: 
− SILENE[5] to generate mesh calculation for APOLLO2/MOC,  
− Object-Oriented PYTHON modules [10] to couple calculation schemes with the SALOME 

platform[12] and CHARM[14] 
 
Furthermore, reactor performances such as flux level in the experimental devices were also 
performed by a dedicated MCNP based model. Starting from a database, a FORTRAN tool 
converts MOC output libraries into MCNP material format and generates MCNP input files at 
each depletion step. 
 
4. Second example: pre and post-processing tool CHARM 
CHARM-V2 is a Pre Post Processor for APOLLO2/MOC, TRIPOLI4 and MCNP based on an 
Open Cascade technology [12]. The CHARM project is developed by AREVA NP in 
collaboration with an AREVA TA partnership to integrate small reactor modelling needs. 
 
Currently, this tool is embedded in many projects dedicated to experimental reactor and 
naval propulsion. The main advantages of this tool are listed as follow: 
− A multipurpose user friendly graphical interface to design geometry, meshes, material 

association, to configure score and tally and also to visualize results projected onto 
geometry, 

− A common geometry for APOLLO2/MOC, TRIPOLI4 and MCNP, 



− A suitable XML file format describing exactly a CHARM study which can be easily 
modified by a script for parametric studies, studies are also saved in HDF file format as 
for a SALOME study, 

− A batch mode to automatically generate numerous input data. 
 
CHARM has commonly been used to generate parametric geometries including more than 
30,000 meshes. 
 
JHR modelling 
This tool has been used for modelling the Jules Horowitz Reactor (Figure 1). 

 
Figure 1: JHR modelling with GUI CHARM-V2 

 
The making of a JHR input data with CHARM-V2 can be divided into two items: 
− First the design of physics geometry, 
− Then the configuration of mesh algorithms. 
 
The main steps to model JHR are described below. 
 
Step 1: Creation of the 
assemblies 

 
Figure 2: Modelling of different cores elements (isolated 

experimental device, experimental devices, fuel elements) 
 

Isolated experimental device Empty fuel element 

In-core experimental devices 

In-reflector experimental device



Step 2: Creation of the 
aluminium matrix, 
 
Step 3: Introduction of fuel 
elements and experi-
mental devices, 

 
Figure 3 and 4: Modelling of aluminium matrix and full core 

 
Step 4: Creation of void 
reflector and experimental 
cells. Creation of an 
overall reflector by an 
over draw with experi-
mental cells, 

 
Figure 5: Modelling of complete reflector 

 
Final step: Insertion of core and reflector to model the whole JHR (Figure 1). 
 
Display results 
In his stage of development, CHARM-V2 allows us to get give the mesh and geometry for 
the APOLLO2 MOC scheme. 
Results obtained from these files are presented with the MED format of the SALOME [12] 
platform in figure 6. 
 

Figure 6: Visualization of the JHR thermal flux, APOLLO2-MOC 
 
5. Third example: Monte Carlo burn up code 
This example deals with a running project of material and test reactor design. 
The objective is to design a MTR dedicated to scientists and operating teams of power 
reactor to come on. Several core configurations are studied. One of them fulfils the following 
conditions:  
− Orthocylindric shape (68 cm x 68 cm), 
− Fuel type: pin, 
− Annular core with central and external reflector (graphite), 
− With a key performance in thermal neutronic flux of 1013 n./cm2/s in natural convection. 



In the preliminary design study, AREVA TA have combined approaches: 
− one uses a deterministic calculation scheme with APOLLO2-CRONOS2, 
− the other uses a probabilistic calculation scheme based on MONTEBURNS [15] with 

MCNP [9]/ORIGEN [16] chained runs, and the pre-post treatment developed in the 
AREVA reactor framework, 

− we are analyzing the results obtained by both methods with the depletion effect for the: 
o Possibilities for experimental devices, 
o Choice of the fuel type, 
o Fuel assembly design, 
o Core and reflector geometries. 

 
As an illustration, some of the neutronic parameters for different cores (a, b, c) are listed 
below: 
− Safety parameters: power peak, 
− Thermal flux performances, 
− Neutronics in operation: the example of reactivity during a standard week. 
 
Power peak: The following figure shows a view of a core and the associated power map at 
step 0: 

Figure 8: a-b cores Figure 9: c core 
 
The heat zone of the core is located around the central reflector, close to internal 
instrumentation (white areas in the right picture), which is due to thermalization peaks in 
water. 
 
Thermal fluxes: This figure presents the evolution of the thermal fluxes in time, using 
Monteburns: 
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Figure 10: a-b cores – Thermal fluxes in evolution 

 
As it can be seen on the figure below, the flux is slightly the same, in BOC (Beginning Of 
Cycle) and EOC (End Of Cycle) with a small increase with the irradiation, in order to 
compensate for vanishing U235. 



Figure 11: c core – Thermal fluxes at step 0 and associated heat map 
 
The flux shape is as expected with the two reflector effects identified: 
− An overflow in graphite reflector zone (left from yellow on figure 10), 
− A rise on the outer core. 
 
Example of reactivity during a standard week: This figure represents the xenon reactivity 
under the following operational conditions: 
− 5 days a week (Monday to Friday), 
− Half a day at full power, 
− Then half a day: shutdown. 
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Figure 12: xenon reactivity in a standard week 
 



So the capability of using such reactor switch on during the day (full power) and switch off 
during the night is highlighted as the Xenon peak has disappeared each time the reactor is 
switched on again. 
 

6. Conclusion 
 
AREVA TA carries out the design of the small reactor cores with both deterministic and 
probabilistic calculation schemes to improve the reached performances and safety analysis. 
 
During these projects, benchmarks between the two schemes have been realized and have 
been demonstrated revealed good agreements for all neutronic common parameters.  
 
The results of these benchmarks allow us to use both probabilistic and determinist codes for 
core design in a faster, more efficient and safer way. 
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