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ABSTRACT 

 
KENO-VI is a Monte Carlo based transport code used to obtain the criticality of a nuclear system. 
A model built using this code in the SCALE6.0 software system was developed for the 
characterization of neutronic parameters of the IPR-R1 TRIGA research reactor. A comparison 
with experimental values and those calculated with a MCNP code model could be then attained 
with the purpose to validate this methodology. 
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1. INTRODUCTION 
 
TRIGA (Training, Research, Isotopes, General Atomics) reactors are research reactors developed 
by General Atomics and widely used in the world. Situated in the UFMG (Universidade Federal 
de Minas Gerais) campus, the IPR-R1, a reactor of the type TRIGA MARK 1, operated by the 
CDTN/CNEN (Centro de Desenvolvimento da Tecnologia Nuclear / Comissão Nacional de 
Energia Nuclear), reached criticality for the first time in November of 1960 and it’s been 
operational since then. For matter of simplicity, the burnup history of this reactor was 
summarized in different cycles, the sixth one being the actual configuration. 
 
In the present work, a Monte Carlo model of the IRP-R1 has been developed, through the ORNL 
(Oak Ridge National Laboratory) computer software system SCALE6.0 (KENO VI), with the 
intent of characterize the neutronic parameters of this reactor, such as the effective neutron 
multiplication factor, the neutron flux in the reactor irradiation devices and the reactivity of the 
core and of the control bars. In addition, isotopic characterization of the burned fuel, amongst 
other burnup data can be obtained for each operational cycles of this reactor with the use of the 
SCALE6.0 transport and depletion sequences (TRITON). The model, thus, could be validated by 
comparison with experimental results, as well as with results obtained with MCNP5, a Monte 
Carlo method based transport code [1]. 
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2. IPR-R1 TRIGA REACTOR 

 
The usual configuration of a TRIGA research reactor [2] is shown in the Fig. 1. It consists in a 
cylindrical nucleus surrounded by a graphite ring followed by a concrete and steel cladding. The 
nucleus contains 91 elements arranged in six concentric rings (A to F) around its center. This 
nucleus is located in the bottom of a water pool. 
 
 

 

Figure 1.  Active part of the nucleus in a typical TRIGA reactor. 

 
 
The IPR-R1 has its nucleus immerged into a demineralized light water pool, which works as a 
coolant, neutron moderator and reflector, and as a radiation cladding. There are 91 positions in 
the active part of the nucleus and each one can be filled with fuel or control rods, graphite “false” 
elements, neutron source or irradiation devices. Currently the IPR-R1 operates with 63 fuel rods 
at 100kW. The nucleus configuration for the sixth cycle can be seen in the Fig. 2. 
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Figure 2.  Nucleus configuration. 

 
 
There are two types of fuel rods currently being used by the CDTN. The rods of the first type 
have aluminum cladding and the second type ones have stainless steel as the clad (Fig. 3). The 
composition of the fuel elements is a homogeneous mixture of metallic uranium and zirconium 
hydride, being 8 - 8.5% of the weight composed by uranium enriched to 20%.  
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Figure 3.  Fuel rods. 

 
 
It’s noteworthy to add that in the beginning of life of the IPR-R1, the compositions of the 
aluminum cladding fuel rods were slightly different form each other. For simplicity in the 
calculations, the average composition was used for each fuel rod situated concentric ring from 
the central tube. 
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3. METHODOLOGY 
 
A 3D model of the IPR-R1 was built with the criticality program KENO-VI in SCALE6.0 to 
obtain the neutron multiplication factors (k-effective or just keff) for the two different states of the 
control rods (in/out). This way it’s possible to characterize the criticality for each one of these 
rods. 
 
KENO-VI calculates the criticality parameters using the Monte Carlo method and is capable of 
building a large amount of different volumes. Although its primary purpose is to determine keff 
[3], the usual parameter employed in the reactors field is the reactivity, which measures how far 
from criticality is the system. We define the excess reactivity of the nucleus, ρ, by 
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where keff is the effective neutron multiplication factor of the nucleus with all control rods out. 
The reactivity worth of each control rod is obtained by 
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where keff1 and keff2 are the neutron multiplication factor for the rod in the states out and in 
respectively. With this parameters it is possible to characterize the importance of a given control 
rod  
 

4. RESULTS 
 
The Table I shows the results in terms of the neutron multiplication factor with the respective 
deviation in each case calculated by KENO-VI, along with the different reactivities. 
 
 

Table I. Values of the keff 
 

 keff ρ (pcm) 

Excess 1.0190 ± 0.0024 1865 

Regulator 1.0174 ± 0.0024 -299 

Control 0.9973 ± 0.0020 -2135 

Safety 1.0126 ± 0.0020 -1814 
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The standard deviation for the excess reactivity was calculated by partial derivative as following: 
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The same method was employed to calculate the deviation in the reactivity of the control rods. 
That is: 
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With the experimental values available, a comparison is made in the Table II. Also it is possible 
to compare the results with distinct methods, namely the diffusion theory and MCNP4B.  
 
 

Table II. Values in pcm of the reactivity 
 

 KENO-VI MCNP Diffusion Experimental 

Excess 1865 ± 231 1830 2477 1825 

Regulator -299 ± 463 -295 -399 -411 

Control -2135 ± 432 -2258 -2509 -2410 

Safety -1814 ± 441 -2160 -2339 -2212 

 
 

4.1.  Discussion 

 
As it can be noticed, the deviations of the values obtained are very large in every calculation 
(around 10%). This can be accredited to the fact calculations parameters are still to be applied. 
Nevertheless, the reactivities obtained are close to the experimental ones. There’s virtually no 
difference between the excess reactivity of the nucleus measured and calculated by KENO-VI. 
Slightly larger discrepancies in the control rods can be observed. Nevertheless, the values still 
have a good approximation. 
 

5. CONCLUSIONS 
 
The model built in KENO-VI shows a good concordance with the ones calculated by MCNP and 
measured experimentally. A development of this model can be achieved by changing the 
calculation parameters and adding geometry elements that were left either because of lack of 
source or for simplification of the code. After refining this model, the results obtained can be 
used in other works in order to give not only parameters values but also their characterization in 
another code. 
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In tandem with the validation of this model, a method to generate collapsed and homogenized 
cross-section libraries by two energy groups, using the NEWT sequence in SCALE code, is 
being developed. These libraries could be, then, applied in 3D diffusion codes for coupled 
transient calculations. 
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