
Advanced Studies in Theoretical Physics 

Vol. 9, 2015, no. 14, 659 - 666 

HIKARI Ltd,  www.m-hikari.com 

http://dx.doi.org/10.12988/astp.2015.5666 

 

 

Effect of Graphite Reflector on the Neutronic  

 

Parameters of the TRIGA Mark II  

 

Research Reactor 
 

 

Mohammed Mghar and Abdelouahed Chetaine  

 

Physics Department, Laboratory of Nuclear Physics, University Mohamed V,   

Faculty of Science, Rabat, Morocco 

 
   Copyright © 2015 Mohammed Mghar and Abdelouahed Chetaine. This article is distributed 

under the Creative Commons Attribution License, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

 

Abstract 

 

The measurement of neutronic parameters in nuclear reactors has an important 

influence on control and safety of nuclear reactor. The effective multiplication 

factor (keff) is the most important neutronic parameter for determining the state of 

reactor. This parameter strongly depends of the reflector elements loaded in the 

reactor core and the outer reflector thickness that surrounds the core. The main 

purpose of this work is using the Monte Carlo simulation via the MCNP5 code to 

evaluate   the reflector effect of the Moroccan TRIGA Mark-II research reactor on 

the keff value. For this goal, the geometrical structure of the reactor and the fuel 

configuration were designed. The MCNP5 calculations of keff parameter of the 

reactor varying with reflector thickness have been performed. The obtained results 

are analysed and discussed. 
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1. Introduction 
 

The TRIGA Mark-II research reactor of Morocco was achieved initial 

criticality on May 2, 2007 of 2MW nominal power. This reactor is moderated and 

cooled by light water, equipped with a graphite reflector, four beam ports and a 
thermal column. The reactor has been used for manpower training, radioisotope pro- 
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duction, neutron activation analysis and in the various fields of the nuclear 

research.  The TRIGA core consists of 96 fuel elements, 5 fuel follower control 

rods, 17 graphite elements, 1 central thimble and 1 pneumatic transfer system 

irradiation terminus. The reactor fuel is a solid homogeneous mixture of hydride 

of uranium-zirconium (U-ZrH), enriched about 20% of 235U, encapsulated in a 

stainless steel cladding [1]. The atom ratio (H/Zr) is approximately 1.65. Fig.1 

shows the MCNP simulation of the geometrical configuration of core, the fuel 

elements, graphite dummy elements and the control rods loaded in the core. The 

fuel and reflector element structure of the TRIGA Mark-II reactor are described in  

Fig.2 and Fig.3.  

 

In Morocco, several study concerning the TRIGA Mark II reactor has been 

performed with a simplified model.  A three-dimensional model of the TRIGA 

reactor was elaborated using the Monte Carlo code MCNP5, Some practical 

calculations of the neutronic safety parameters of the Moroccan TRIGA such as 

core excess reactivity, total and integral control rods worth and power peaking 

analysis were performed on the one hand, and the burnup simulation was 

established by using an internally developed burnup code called BUCAL1 on the 

other hand [2], [3]. Also, the safety analysis and optimization of the core fuel 

when the reactor is working with a power around 2 MW was established [4]. In 

this work, the most important neutronic parameter such as effective multiplication 

factor (Keff) was calculated as function of the number of reflector pins in core. In 

order to have an optimal thickness of reflector, calculation of Keff varying with 

reflector assembly thickness (outer reflector, see Fig.4) also was done.  

 

 
 

Fig.1. MCNP model of the Moroccan TRIGA reactor core (radial and axial sections) 

 

 
Fig.2. MCNP model of the fuel element in TRIGA core 
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2. Reflector effect on the effective multiplication factor Keff  
 

The effective multiplication factor (Keff) is the most neutronic parameter with 

respect to the control and safety of reactor. It is defined as the ratio of the neutrons 

produced to the sum of the neutrons absorbed in fission or non-fission reactions, 

plus those lost in any one generation. The Changes in the neutron flux distribution 

cause changes in the power level of the reactor. Since the change in power level is 

directly affected by the multiplication factor Keff. The  power  level in reactor  is  

directly  proportional  to  the  neutron  density, whenever Keff < 1,  the  reactor  is  

subcritical  and  the  power  level  is  decreasing. However, if Keff >1, the reactor 

is supercritical and the power level is rising. Finally, Keff =1.0, the reactor is 

critical and operates at a constant power level. The multiplication factor defines 

mathematically as following: 

𝐊𝐞𝐟𝐟 = 
production

absorption + leakage
                  [a] 

 

Several studies have been performed to evaluate the effect of graphite on 

neutron flux distribution and effect of different cross-section data sets on 

reflectors of a typical material test research reactor as graphite reflector.  A 

thickness of 32cm of graphite was selected as effective thickness of graphite 

reflector for ENDF library used in calculations [5], [6]. Keff value measurement in 

nuclear reactors strongly depends of the number of reflector elements in the core, 

and also the reflector assembly thick that surrounds the reactor core. The 

Moroccan TRIGA core consists of 17 graphite elements, each element has the 

same physical dimensions and general configurations as the standard fuel 

elements, but they have an aluminium alloy cladding and are entirely filled with 

graphite as shown in Fig.3. The graphite reflector increases keff by reflecting 

neutron leakage to the reactor core and reduces the amount of fuel necessary to 

make the reactor critical. Thanks to the reflector assembly (outer reflector) that 

surrounds the core as shown in Fig.4, it was possible to reflect the neutrons 

leaking to the reactor core and consequently increasing the neutron flux 

distribution. This reflector assembly has an outer diameter of about 940-mm, a 

height of about 530-mm, and an inside hexagonal configuration with an across flat 

dimension of about 530-mm [7]. In this work, how the effective multiplication 

factor value of the Moroccan TRIGA Mark-II reactor depends of the number of 

reflector elements and outer reflector thick has been evaluated. 

 

 

            
 

Fig.3. Reflector element via MCNP code                    Fig.4. Reflector assembly 
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3. Simulation results and discussion 
 

3.1. Calculation of Keff as function of the reflector elements number 

In order to evaluate the effect of each reflector element loaded in the core on the 

Keff value of the Moroccan TRIGA reactor, the fuel rod was modelled exactly, 

meaning that Zr rod, Molybdenum supporting disc, stainless steel cladding and air 

gaps were modelled explicitly. The graphite reflector, supporting grid and 

irradiation channel in the core were also explicitly modelled. Also, S(α, β) thermal 

neutron treatment for hydrogen, graphite and zirconium as well as the continuous-

energy neutron interaction data based on the ENDF library have been used in our 

MCNP calculation. Fig.5 shows the MCNP model of the Moroccan TRIGA 

reactor.  In this paper, Keff value for each reflector element is measured by taking 

into account of both prompt and delayed neutrons. To this end, the MCNP 

calculations were performed by the NJOY nuclear processing system, run with 

10,000 cycles of iterations with a nominal number of source histories of 10,000 

neutrons per cycle, for a total of 100 million simulated neutrons. The first 100 

cycles was escaped to obtain a well-distributed neutron source. The Keff value was 

calculated in critical operating condition of the Moroccan TRIGA reactor, it had a 

statistical error less than 10pcm. The MCNP results concerning the effective 

multiplication factor varying with number of reflector elements in the core (from 

0 to 17reflectors) are presented in Table.1, such as ENDF is the nuclear data 

library used in our work. 

 

 

   Fig.5. The axial view of the Moroccan TRIGA reactor model using MCNP code              

 

Fig.6. Radial view of t the TRIGA reactor model with reflector using MCNP code 
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* Statistical error for Keff values = ±8 pcm 

 

Table.1. MCNP calculated values of Keff varying with number of reflector 

elements loaded in reactor core 

 

3.2. Calculation of Keff varying with reflector assembly thickness 

As already mentioned, the outer reflector thickness that surrounds the reactor 

core (yellow part, see Fig.6) has an important influence on the effective 

multiplication factor and also on the kinetic parameters such as the mean neutron 

generation time (Λ) [8]. In this work, for evaluating the effect of the outer 

reflector thick on the keff value, all the reflector elements (17 elements) were 

loaded in the reactor core, and the MCNP calculation of Keff varying with each 

5cm of reflector thick has been performed. The MCNP results concerning the 

effect of the outer reflector thick on the Keff value of the Moroccan TRIGA Mark-

II reactor are presented in Fig.8.   

      
Fig.7. Variation of Keff value with increasing number of graphite elements in 

reactor core 

Number of 

reflector 

element 

Keff  

calculated 

Number of 

reflector 

element 

Keff 

calculated 

Number of 

reflector 

element 

Keff 

calculated 

0 0.99215 6 0.99458 12 0.99807 

1 0.99266 7 0.99497 13 0.99819 

2 0.99286 8 0.99568 14 0.99866 

3 0.99294 9 0.99612 15 0.99910 

4 0.99360 10 0.99689 16 0.99910 

5 0.99388 11 0.99713 17 1.00021 
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Fig.8. The effect of the outer reflector thick on the Keff of the Moroccan TRIGA 

 

 

3.3. Discussion 

 

From this study, it is concluded that the graphite reflector in the reactor has an 

important effect on the effective multiplication factor Keff. Table.1 shows that the 

MCNP calculated values of Keff increase with the number of reflector elements 

inserted in the reactor core. These values vary from 0.99215 to 1.00021 

(~806pcm) for a core without and with 17 graphite elements respectively. In 

addition, it is observed that the contribution of each reflector element in 

increasing of Keff value is varied from a graphite element to other one as shown in 

Fig.7. This contribution is varied from 8 to 94pcm. The increasing of the effective 

multiplication factor is mainly due to the reflection by the graphite elements of the 

neutrons to the reactor core. The number of reflected neutrons to reactor core 

varies from a graphite element to other one according to the graphite elements 

position and the neutron flux distribution in the core and also the reflection 

probability. As shown in Fig.8 the effective multiplication factor value increase 

with the outer reflector thickness surrounding the reactor core. As deduced, for the 

first 25 cm of outer graphite, keff value increases in a very important way; however 

for outer graphite of which thickness is more than 25cm (from 25 to 50 cm) keff 

value is almost constant, the increase is only in the order of 7pcm a long this 

interval.  

 

4. Conclusion 
 

In the present work, the effect of the graphite reflector on the neutronic 

parameters of the Moroccan TRIGA reactor such as the effective multiplication 

factor has been evaluated  using the Monte Carlo code MCNP5. The simulation 

results show that each reflector element loaded in reactor core increases keff with a 
value varying from one to other one (8 to 94pcm). Also, it is concluded for an exter- 
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nal reflector of which thickness is  less than 25cm, Keff value increases 

exponentially in a very important way and then it becomes almost constant after  

25cm thick (~7pcm). Consequentially an outer reflector that surrounds the core of 

which thickness is more than 25 cm can be neglected for reflecting the neutrons 

and increasing the effective multiplication factor.  
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