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Abstract: 
 
The CENM TRIGA MARK II reactor is part of the National Center for Energy, Sciences and 
Nuclear Techniques (CNESTEN). It’s a standard design 2MW, natural-convection-cooled 
reactor with a graphite reflector containing 4 beam tubes and a thermal column. The reactor 
has several applications in different fields as industry, agriculture, medicine, training and 
education. In the present work a computational study has been carried out in the framework of 
neutronic parameters studies of the reactor. A detailed MCNP model that include all elements 
of the core and surrounding structures has been developed to calculate different parameters of 
the core (The effective multiplication factor, reactivity experiments comprising control rods 
worth, excess reactivity and shutdown margin). Further calculations have been carried out to 
calculate the neutron flux profiles at different locations of the reactor core. The cross sections 
used are processed from the library provided with MCNP5 and based on the ENDF/B-VII 
with continuous dependence in energy and special treatment of thermal neutrons in 
lightweight materials.   
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1. Introduction:  
 
Research reactors are most commonly used as sources of neutrons for scientific investigations 
or for use in nuclear analytical techniques. The CENM TRIGA MARK II reactor is basically 
a user institute opens to all interested research teams at universities and other research 
national or international institutions. The reactor is provided with different irradiation 
facilities that converge at the reactor core and allow simultaneous performance of multiple 
experiments [5].  
Optimisation of experiments by computational methods is a practical alternative witch also 
offers additional information of some parameters that would be difficult to obtain 
experimentally. However, as reactor systems become more complex, increasingly 
sophisticated tools must be employed to accurately predict their behaviour under normal and 
transient conditions. The MCNP code developed and maintained by Los Alamos Laboratory 
is the internationally recognized code for analyzing the transport of particles by Monte Carlo 
method [3]. This code was selected to develop a detailed computational model of the CENM 
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TRIGA MARK II research reactor. The model witch includes all structures and materials 
found in the reactor has been used to study the nuclear reactor response. In particular, 
criticality calculations have been carried out to assess the reactor effective multiplication 
factor, reactivity excess, control rod worth, and shutdown margin. Neutron transport analyses 
have been performed to investigate the neutrons flux profiles in different positions of the 
reactor.   
 
2. Modelling of CNEM TRIGA MARK II reactor:   
 
The MCNP (version 5) was used to simulate the CENM TRIGA MARK II research reactor 
core and its surrounding components in three dimensions. All fuel elements and control roods 
were presented as cylinders of appropriate materials and dimensions. Each element was 
modeled in detail in order to minimize the geometry approximations. All irradiation facilities 
were modeled and placed in their real positions. The model was extended radially to describe 
the graphite reflector, the lead, and the biological shielding. Water filling all the sides of the 
core was also modeled. The geometric and material data are taken from the fabrication 
documentation provided by reactor manufacturer [1].  
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4. Results and analysis 

 
 
 
The nuclear response of the reactor has been investigated by neutron transport analysis carried 
out with MCNP5 code running on a Pentium 4 processor at 1,8 GHz. The cross sections used 
are processed from the library provided with MCNP5 and based on the ENDF/B-VII with 
continuous dependence in energy. The effect of chemical binding and crystalline effects that 
become important as neutron energy becomes sufficiently low (less than 4 eV) is taken into 
account using the S(α,β) treatment. This function was applied in this work to the water, the 
graphite and UZrH fuel in order to supply a more accurate estimation.  
The input deck was run as a kcode source problem for criticality calculations. Several runs 
were performed with a large number of histories to ensure good statistical sampling 
throughout the core and the regions of interest.     

 

Fig1. Radial and axial view of CENM TRIGA MARK II reactor  
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3. Results and discussions:  
3.1 Core excess reactivity 
 
The core excess is an important parameter witch is routinely assessed to provide assurance 
that there is always sufficient negative reactivity to shut the reactor down. The excess 
reactivity was experimentally determined from control rod worths critical positions and their 
calibration curves. Then the individual values of excess reactivity associated with each control 
rod were combined to obtain the total core excess reactivity. The comparison between the 
experimental reactivity value and the MCNP ones is shown in Tab 1. As it can be observed, 
the experimental data match well the numerical ones. 
 

Tab1. Measured and calculated values of the core excess reactivity 
 
                                                  MCNP                        Experiment                    C/E 

                                                                                                  
           Core excess              10.14                             10.27                         0.987           

 
 
3.2 Control rods worth 
 
The calculation of the control rod worth simulated explicitly the experiment which was 
carried out by the positive period method [2]. In this method the reactor is made critical by 
withdrawing the control rod a certain amount, and the resulting (positive) period is 
determined from the measured doubling time to derive the reactivity. In Fig x, the integral 
worth of the control rods is plotted against rod positions in the active fuel region. A 
Comparison between Calculated and measured results for total rod worth are shown in the 
table bellow.  

 
Tab 2. Comparison of measured and calculated control rod worth  

 
                   Shim I           Shim II          Shim III         Shim IV          REG 

         
C/E              0.98                0.92               1.02                0.94               0.95 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 2 Integral worth for Shim 1  Fig 3. Integral worth for Shim 2  
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As it can be seen from the integral reactivity curves shown on figures y, the agreement 
between the MCNP values and the experimentally determined values is fairly good. (C-E/E) 
values didn’t exceed 8% for all results.  
 
3.3 Shutdown margin  
 
The shutdown margin is defined as the amount of reactivity by witch a reactor is subcritical or 
would be subcritical from its present condition assuming all control rods are fully inserted 
except for the single rod with the highest integral rod witch is assumed to be fully withdrawn. 
On the de basis of this definition the calculated value obtained using ENDF-B VII is 1.00$, 
this value deviates from that obtained experimentally 1.38$. Using JEFF-3.1 and JENDL-3.3 
evaluations, the difference to the experimental value was much smaller: 1.15$ and 1.21$ 
respectively.     
 
3.4 Axial profiles and radial profiles of neutron flux:  

Fig.4 Integral worth for Shim 3  Fig.5 Integral worth for Shim 4  

Fig. 6 Integral worth for Reg  
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Fig.7 Radial profile of thermal, epithermal and fast components of neutron flux in the fuel 
zone 

 

 
 

Fig.8: Axial profile of thermal, epithermal and fast components of neutron flux calculated 
along the central thimble 
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Fig 7 shows that the thermal and the epithermal components have a maximum pick on the 
axis of the core. These components drop off symmetrically when going away from the center 
due to the increased leakage. In contrast to thermal flux shape, the fast neutron component 
presents a drop in the center of the core. The reason for this is that neutrons generated by 
fission are rapidly slowed down in elastic and inelastic collisions with water contained in the 
central thimble. We note that the flux was tallied at the reactor midplane, where it’s known to 
have the highest magnitude, over a very small height of -0.1 and 0.1 cm around the reactor 
midplane.   
The axial profiles (Fig 8) of all components along the central thimble have a shape of a cosine 
witch peaks at the center and decreases as we approach the top and the bottom of the core.  

 
 

Conclusion:  
 
A theoretical and experimental work has been carried out to study the nuclear behavior of the 
CENM TRIGA MARK II research reactor. A detailed computational model of the reactor that 
includes all elements of the core and surrounding structures has been used to calculate 
different parameters of the core. The results obtained have been successfully compared with 
the experimental ones. Neutrons flux distributions calculations are consistent with the 
expected reactor behavior and show that the neutron flux depends strongly on the position in 
the reactor. Further measurements to validate the neutron flux in selected positions are in 
progress. 
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