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ABSTRACT 

This paper presents the validation and verification of the calculational model of TRIGA 

research reactor using Serpent 2 Monte Carlo code. Detailed geometrical model of TRIGA 

research reactor was developed to benchmark future burnup calculations. Results of flux and 

reaction rates calculations using Serpent 2 code were compared to the experimental results 

and to calculations performed with the Monte Carlo code MCNP. The calculated normalized 

reaction rates in the core are in very good agreement with the calculated MCNP and 

experimental results, therefore the computational model describes very well the neutron flux 

and reaction rate distribution in the reactor core while in the reflector the distribution of the 

flux in comparison with the measurements differ by maximum 3 percent. 

1 INTRODUCTION 

Today the Monte Carlo method is used routinely in neutron transport calculations even 

for relatively complex systems such as research reactors. At the Jožef Stefan Institute the 

Monte Carlo code MCNP [1] is used for almost two decades for the calculations of neutron 

flux and spectra calculations, dose rate and reaction rates calculations, etc. A very detailed 3-

D MCNP model was developed that was benchmarked against experimental measurements.  

There are still some areas of reactor calculations where Monte Carlo codes are not 

commonly used. Those are burnup and group constant calculations. Both areas are commonly 

covered with deterministic transport codes. The development of the Monte Carlo Serpent 

code [2] aimed at addressing these two areas and it motivated us to develop the TRIGA model 

with the use of the Serpent code. The Serpent code allows the user to perform burnup 

calculations and also to generate group constants for specified homogenization areas to be 

used in deterministic reactor simulation codes.  

Before burnup calculations can be undertaken it is necessary to validate the model by 

static calculations like flux distribution and reaction rates calculations. Therefore, in this 

paper the validation of the Serpent TRIGA model is presented. 
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2 SERPENT 2 CODE 

Serpent is a continuous-energy Monte Carlo reactor physics burnup calculation code [2] 

developed at the VTT Technical Research Centre in Finland. Serpent 1 is publicly available 

from the OECD/NEA Data Bank. However the analyses in this paper have been performed 

using Serpent 2 which is still in the beta-testing phase and is available to registered users on 

request.  

3 MODEL OF THE TRIGA REACTOR 

A detailed 3-D geometrical model of the TRIGA reactor was developed (Figures 1 & 2). 

Here it is important to highlight that models for Serpent and MCNP are identical as far as 

geometric and material parameters are concerned: both codes use similar structure. However 

there exist differences which force one to develop the Serpent 2 model from scratch. The 

basis was the improved MCNP model developed by L. Snoj et al [3] . The improved model 

was using several geometrical improvements over the benchmark model that was developed 

by Jeraj et al [5]. The following improvements were implemented in the model and they have 

been used in the current Serpent model: 

 Irradiation channels in the core, 

 Graphite of the thermalizing and thermal column, 

 Carrousel with explicitly modelled irradiation tubes, 

 Neutron source element, 

 Triangular irradiation channel, 

 Radial and tangential beam ports. 

 

 

Figure 1: Detailed geometrical model (xy view) of the TRIGA research reactor presenting the 

rotary groove in the graphite reflector, left, and the radial and tangential beam ports (right). 
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Figure 2: Detailed geometrical model (xz view) of the TRIGA research reactor presenting 

Graphite of the thermalizing and thermal column. 

 

The analyses were performed with Serpent 2 version 2.1.20 and with the ENDF/B VII.0 

library [4]. Numerical simulations were performed using 3·106 neutrons and 5000 active 

cycles. Calculations of reactions rates in the irradiation channels are calculated by multiplying 

the neutron flux in the irradiation channel with the corresponding cross section where the 

neutron flux is normalized per one fission neutron. To obtain a meaningful comparison to the 

measured results the calculations results has to be properly scaled. This scaling procedure is 

described in detail in reference [3]. 

4 RESULTS 

Our first indication of the well-developed TRIGA model using Serpent code was the 

good agreement of the multiplication factor with the MCNP model. All calculations were 

performed with ENDF/B-VII.0 cross section but the libraries were generated independently 

and differ mainly in the thinning of the cross section tables to reduce the size of the library 

files. The results are presented in Table 1. 

Table 1: Multiplication factor comparison of the TRIGA reactor core 

 Multiplication factor  

code MCNP SERPENT Δ k[pcm] 

ENDF/B-VII.0 1.05928±2 pcm 1.05898±2 pcm 30 

 

The difference is acceptable considering that both codes use different data libraries. 

However, our goal was to compare the flux distribution in the core and in the rotary groove of 

the graphite reflector that contains special irradiation channels. 

4.1 Comparison of flux and reaction rates in the rotary groove 

Flux and reaction rate distribution were compared to the MCNP results and 

experimental results. This experiment was performed in the past to verify the calculated 

neutron flux distribution in the TRIGA reactor. During this experiment aluminium-gold foils 
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were irradiated in the 27 locations outside the core, in the rotary groove in the reflector as 

shown in Figure 1 (right), and in the 6 locations in the core. The details of the experiment can 

be found in the references [3], [6], [7], [8] and [9]. 

First, the comparison of the flux is presented for each of the irradiation channel in the 

rotary groove between the Serpent and the MCNP code. The results are presented in the 

Figure 3. 

 

Figure 3: Calculated flux comparison for each of the 40 irradiation locations in the rotary that 

is located in the graphite surrounding the reactor core. 

 

During the TRIGA model development the importance of proper modelling of the radial 

and tangential irradiation beams in the graphite reflector was noted. With the improved model 

we can conclude that the calculated fluxes are almost the same, the biggest differences being 

in the channels between position 20 and 35, but the differences are less than 1 %. 

All reaction rates are normalized to the average of all irradiation channels. First the 

results of calculated and measured reaction rates in the carrousel facility are presented in 

Figures 4 and 5. The normalization is calculated using the following expression: 

 

,

1

1/

i
i norm N

i

i

A
A

N A





,         (1) 

where Ai is the measured specific activity or calculated reaction rate in the i-th 

irradiation channel in the rotary groove and N is the number of measurements in the rotary 

groove. 

It can be seen from Figure 4 that the calculated values of 197Au(n,γ)198Au reaction rates 

with the Serpent code are very close to the calculated MCNP values. The maximum 

difference is less than 2 %. While the differences with the experimental results are in the 

range between 2 and 3 %.  
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In the case of 27Al(n,α)24Na reaction rates it was noted that the uncertainties in the 

measured activities are slightly bigger [3], however the agreement between experimental and 

calculated values is still excellent as can be seen on Figure 5.  

 

 

Figure 4: Calculated and measured reaction rates (197Au(n,γ)198Au) in the irradiation channels 

of the carrousel facility normalized to the average of all irradiation channels. 

 

 

Figure 5: Calculated and measured reaction rates (27Al(n,α)24Na) in the irradiation channels of 

the carrousel facility normalized to the average of all irradiation channels. 
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In this paper the modeling uncertainties are not analyzed since we assume that are very 

close to the uncertainties obtained with the MCNP code. Those uncertainties have been 

described in ref. [3]. It was concluded that the threshold for Al reaction is much higher than 

the average energy of the fission neutrons so these neutrons are weakly sensitive to any 

structures inside and outside the core. Therefore, only adequate modelling of the fuel in the 

reactor core, which is the source of fast neutrons, is needed to properly calculate the fast 

neutron flux distribution in the carrousel facility. Thermal and epithermal neutrons however, 

experience many scattering events inside the core and are therefore very sensitive to all 

structures and their material composition in the reactor. It was identified [3] that one of the 

reason for the systematic discrepancy between the experimental and calculated 
197Au(n,γ)198Au reaction rates between the 30th and 35th irradiation channel might be some 

unknown structure, misplaced rotary groove, impurities in the structures or similar.  

4.2 Comparison of reaction rates in the reactor core 

In the reactor core calculations of reaction rates were performed in the 6 irradiation 

channels. The results are presented in the Table 2. 

Table 2: Measured and calculated results for reactions: (27Al(n,α)24Na) and 197Au(n,γ)198Au 

 

Au reaction Al reactions 

channel Serpent MCNP measured Serpent MCNP measured 

F24 4.84E-08 4.87E-08 8.879E+00 2.737E-02 2.71E-02 3.326809 

F22 4.85E-08 4.88E-08 9.053E+00 2.762E-02 2.74E-02 3.207137 

F15 5.51E-08 5.63E-08 1.049E+01 2.795E-02 2.80E-02 3.371401 

F19 4.93E-08 4.96E-08 9.167E+00 2.904E-02 2.91E-02 3.478445 

F26 4.96E-08 4.92E-08 9.897E+00 2.760E-02 2.76E-02 3.267784 

central 1.99E-07 2.01E-07 3.670E+01 6.039E-02 6.04E-02 7.330229 

 

All reaction rates from Table 2 are then normalized to the central channel. The results 

are presented on Figures 6 and 7. The normalization is calculated using the following 

expression: 
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where Ai and Acc are the measured specific activity or calculated reaction rate in the i-th 

irradiation and the central channel. As we can see from Figures 6 and 7, the calculated 

reaction rates with the Serpent code are almost the same as those calculated with MCNP and 

they are both in very good agreement with the experimental results. It can be concluded that 

the calculational model of the TRIGA reactor core for both codes is consistent and very good.  
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Figure 6: Calculated and measured reaction rates (197Au(n,γ)198Au) in the irradiation channels 

of the TRIGA reactor core normalized to central channel. 

 

Figure 7: Calculated and measured reaction rates (27Al(n,α)24Na) in the irradiation channels of 

the TRIGA reactor core normalized to central channel. 

5 CONCLUSION 

With this analyses of comparing the reaction rates results with the Monte Carlo code 

MCNP and with experimental results in the reactor core and in the graphite reflector 

surrounding the core we have demonstrated that the Serpent TRIGA model is very well 
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modelled. The calculated results within the core are almost in perfect agreement with the 

MCNP results and in very good agreement with the experimental results. Which means that 

for the specific core configuration the geometry and the material properties are very well 

modelled. In the reflector that is surrounding the core the results are less accurate however the 

uncertainties are higher. Since the model of the surrounding is very detailed it is to accept that 

some informations about the geometry and the materials are known less accurately. However 

for the intended Serpent application the observed small discrepancy is less important since the 

program is to be mainly used for the core calculations. The purpose of this analyses was not to 

have another Monte Carlo tool to simulate the TRIGA reactor. The purpose of the Serpent 

code model development was to take advantage of the Serpent capability to efficiently 

perform burnup calculations and generate group constants for deterministic transport 

calculations. This will allow us validate reactor simulations in the applications that are 

currently handled by the deterministic codes, namely the TRIGLAV package 0. 
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