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ABSTRACT 

The 2-MW TRIGA MARK II research reactor at Centre National de l’Energie, des Sciences et des 
Techniques Nucléaires (CNESTEN) achieved initial criticality on May 2, 2007 with 71 fuel elements. 
The reactor is designed to effectively implement the various fields of basic nuclear research, 
manpower and training and production of radioisotopes for their use in agriculture, industry and 
medicine. This work aims to study the time-dependent neutronics parameters of the TRIGA reactor for 
elaborating and planining of an in-core fuel management strategy to maximize the utilization of the 
TRIGA fluxes, using a new elaborated burnup computer code called “BUCAL1”. The code can be 
used to aid in analysis, prediction, and optimization of fuel burnup performance in a nuclear reactor. It 
was developed to incorporate the neutron absorption tally/reaction information generated directly by 
MCNP5 code in the calculation of fissioned or neutron-transmuted isotopes for multi-fueled regions. 
The use of Monte Carlo method and punctual cross section data characterizing the MCNP code allows 
an accurate simulation of neutron life cycle in the reactor, and the integration of data on the entire 
energy spectrum, thus a more accurate estimation of results than deterministic code can do. Also, for 
the purpose of this study, a full-model of the TRIGA reactor was developed using the MCNP5 code. 
The validation of the MCNP model of the TRIGA reactor was made by benchmarking the reactivity 
experiments. 
1. Introduction 

The Moroccan 2MW TRIGA Mark II research reactor at Centre des Etudes Nucléaires de la Maâmora 
(CENM) achieved initial criticality on May 2, 2007. The reactor was designed to effectively 
implement the various fields of basic nuclear research, manpower training and production of 
radioisotopes for there use in agriculture, industry and medicine. 
For the purpose of modelling the Moroccan TRIGA MARK II research reactor, the general purpose 3-
D Monte Carlo N-Particle transport code MCNP5 (X-5 Monte Carlo Team, 2003) was chosen because 
of its general modelling capability, correct representation of detailed geometry, transport effects and 
continuous energy cross sections. 
The principal thrust of this work is study of the burnup effects on the 2MW TRIGA MARK II research 
reactor parameters. By burnup we mean the following changes in the core: 1) depletion of U235, 2) 
fission products build-up, 3) spectral changes of flux, 4) negligible plutonium and 5) depletion of 
burnable poison.  
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2. BUCAL burnup computer code 
BUCAL1 (B. El Bakkari et al., 2009) is a FORTRAN computer code elaborated by “Equipe de 
Radiation et Systèmes nucléaires (ERSN)” at University ABDELMALIK ESSAÄDI, Morocco.  The 
code is designed to aid in analysis, prediction, and optimization of fuel burnup performance in a 
nuclear reactor. It was developed to incorporate the neutron absorption tally/reaction information 
generated directly by MCNP5 code in the calculation of fissioned or neutron-transmuted isotopes for 
multi-fueled regions. The use of Monte Carlo method and punctual cross section data characterizing 
the MCNP code allows an accurate simulation of neutron life cycle in the reactor, and the integration 
of data on the entire energy spectrum, thus a more accurate estimation of results than deterministic 
code can do. The BUCAL1 strategy consists of using the nuclide inventory, MCNP tally information, 
power density, and other data to determine the new nuclide inventory for a given region of the core at 
a new time step. Then the new inventories are automatically placed back into MCNP input file and the 
case run for a new subsequent time step. 
3. MCNP modelling of TRIGA reactor 
The Triga reactor is a light water cooled, graphite-reflected one, designed for operation at a steady 
state thermal power level of 2000 kW. An outstanding feature of the TRIGA reactor is its proven 
safety, which stems from the large instantaneous negative temperature coefficient of reactivity of its 
U-ZrH fuel moderator-material. The TRIGA core consists of 101 fuel elements, 17 graphite elements, 
central thimble and a pneumatic transfer tube. Elements are arranged in seven concentric rings in 
hexagonal geometry and the spaces between the rods are filled with water that acts as coolant and 
moderator. 
The reactor was modelled in full 3-D details to minimize geometry approximations. The repeated 
structure capability of MCNP was used to create a full core 3-D model of TRIGA. 
The TRIGA lattice can be represented as a hexagonal prism, solids with eight faces. The fuel elements 
were modelled explicitly specifying the detailed structure of the rod to eliminate any homogenisation 
effects. The tapered end fixtures of stainless steel were also modelled with a very little approximation. 
The power level of the reactor is controlled with five control rods: a regulating rod and four shim 
safety rods. The control rods were explicitly modelled along the active length containing three vertical 
sections of boron carbide, fuel follower and void region. The central thimble was considered to be 
filled with water and the pneumatic tube was considered to be void. The graphite dummy elements are 
of the same general dimensions and construction as the fuel-moderator elements, except these 
elements are made of aluminium alloy and filled entirely with graphite.   
The model was extended up radially containing the graphite reflector and lead shield. An annular well 
on the inside diameter in the top of the graphite reflector that provides for the rotary specimen rack 
was also modelled along with the radial and tangential beam ports that serve for experimentations 
around the TRIGA core. To complete the modelling of all reactor facilities the thermal column, which 
is squared assembly located in the side of the reactor shield structure, is also modelled. It is located 
between beam ports NB1 and NB4 and the reactor tank that consists of an aluminium vessel installed 
in the reactor shield structure, this facility serves for the irradiation of large experimental specimens. 
Figures 1 and 2 represent the radial and axial view of MCNP5 model of the 2MW TRIGA MARK II 
research reactor of CENM. 
4. Results and analysis 
The calculations of the system eigenvalues were performed with the “KCODE” option in the MCNP5 
code. The initial source distribution for the keff calculations was given on the fuel meat points. The 
calculations were performed with 5000 cycles of iterations on a nominal source size of 2000 particles 
per cycle in order to decrease statistical error estimates. Initial 50 cycles were skipped to insure 
homogeneous neutrons source distribution. The estimated statistical errors (1σ ) were reduced below 
24 pcm for keff values. Calculations were made using ENDF/B-VII (M B Chadwick et al., 2006) 
nuclear data evaluation. The NJOY99.9 (R E MacFarlane, 2002) system was used to process the 
evaluated data into libraries suitable for use with the MCNP code. To reduce the MCNP time of 
calculation the fuel elements of the core were separated into 7 different groups taken into account of 
their power. Figure 7 shows the fuel distribution in the core and the 7 groups proposed. 



 
 
 

4.1. TRIGA core life time estimation 
The calculation of the keff and its relationship with core burnup is of primary importance to determine 
the core life time. First the excess reactivity for the beginning of the core life was calculated by MCNP 
at 2 MW reactor power and was found to be 6.77$ (keff = 1.04975). Then burnup calculation was 
performed for the TRIGA core without changing the loading pattern to determine the core life of the 
primary fuel cycle and for the primary core configuration. The variation of keff as a function of total 
thermal power produced is presented in Figure 3. 

 
Figure 3. Excess reactivity ($) of TRIGA reactor as a function of burnup (MWh). 

At the initial burnup time a sharp loss of reactivity of 3.52$ is observed which is particularly due to the 
build-up of 135Xe and 149Sm. The concentration of these fission products poisons strongly influence the 
reactivity and eventually reaches equilibrium at about 150MWh and 1500MWh for Xe and Sm 
respectively. The excess reactivity becomes zero at 3360 MWh of reactor operating history which 
correspond to 70 days of continuum operation at full power which is the life time of primary fuel cycle 
for the actually core configuration.  
4.2. Burnup estimation 

The individual burnup (% 235U depletion) of fuel and fuel-follower elements for each of the 7 groups 
(Fig. 7) at the end of the core life time is shown in Figure 4. The maximum value (~ 7 %) of 235U 
depletion is observed for group K which corresponds to the hottest fuel elements of B ring. Then the 

Figure 1. The radial view of the MCNP 
model of TRIGA reactor. 

Figure 2. The axial view of the MCNP 
model of TRIGA reactor. 



235U depletion decreases when passing from the core centre to the core periphery until it reaches a 
value of 2.8 % for fuel elements of Q group. The core average burnup is found to be 4.54 %. 

 
Figure 4. % 235U depletion as a function of fuel groups.  

 

 
4.3. Axial and radial in-core flux distributions 

Typical three-group average neutron radial and axial flux distributions at the beginning of life (BOL) 
and end of life (EOL) of the core for 2 MW power were calculated and plotted in Fig. 5 and Fig. 6, 
respectively.   
For the radial flux distribution. It shown that, the thermal flux peaks in the central thimble and falls 
sharply to ~40% of its initial value in B-ring and the fall continue down to G-ring. In the graphite 
reflector, the thermal flux falls down with ~70% of its G-ring value. Epithermal and fast fluxes peak in 
B-ring and fall down linearly to the outer region. 
Axially, the three-group average neutron fluxes peak at the axial mid-plane of the TRIGA core and fall 
down gradually.  

 
Figure 6. In-core Radial flux distribution Figure 5. In-core axial flux distribution 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Fuel elements distribution for burnup calculation. 

5. Conclusion 

A full 3-D model of the 2MW Moroccan TRIGA MARK II research reactor was elaborated using the 
Monte Carlo code MCNP5. The model was validated by benchmarking reactivity experiments. New 
burnup computer code called BUCAL1 was used in the study of time dependent neutronic parameters 
of the TRIGA reactor. This code was developed by “Equipe de Radiation et Systèmes nucléaires 
(ERSN)” at University ABDELMALIK ESSAÄDI, Morocco. BUCAL1 uses the neutron absorption 
tally/reaction information generated directly by MCNP5 code in the calculation of fissioned or 
neutron-transmuted isotopes for multi-fueled regions. The life time of the reactor was found to be 
3360MWh or 70 days of continuum operation. At the end of the primary life cycle, the average fuel 
burnup was found to be 4.54%. 
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