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ABSTRACT 

The Vienna TRIGA Mark II reactor was modelled by means of the Serpent-2 Monte Carlo 
burnup calculation code. The purpose of the modelling is the determination of core critical 
parameters and of nuclear fuel composition time evolution.  
This paper presents the Serpent-2 reactor model validation process carried out during the 
last year. Taking into account the irradiation history, the fuel composition was calculated for a 
certain number of fuel elements in the current core. The fuel elements were selected in order 
to sample the different core areas, rising from internal B ring to the external part of the core. 
Subsequently, the calculation results were compared with different fission product activity 
values measured in the corresponding fuel elements. The measurement campaign was 
previously performed by means of a fuel gamma-scanning machine installed at the reactor 
as presented at the RRFM 2016. 
The comparison of fission products activity values obtained by Serpent-2 model calculation 
and by direct measurements are presented in this paper. 
 
 
1. Introduction 

 
The TRIGA (Training Research and Isotope production General Atomics) MARK II 
reactor[1] at the Technical University Vienna is a pool-type research reactor moderated 
and cooled by light water, licensed for 250 kW steady state and up to 250 MW pulse 
operation. After conversion to a full LEU (Low Enriched Uranium) core, the current core 
load consists out of 76 stainless steel clad zirconium-hydride fuel elements (8.5%-wt 
enriched 19.95%-wt in 235U), in a cylindrical geometry. 
Recent activity at the TRIGA reactor in Vienna included on one side the verification[2] of 
the developed MCNP6[3] reactor model against measured neutron flux distribution[4]  in 
different in-core positions; and on the other hand, the measurement of fission product 
activity values in several irradiated fuel elements. 
This work describes the new reactor model implemented by means of the Monte Carlo 
code Serpent-2[5] and the procedure for its validation. The validation was carried out by 
benchmark of Serpent-2 results against both MCNP6 calculated results and 
experimental activity results.  
 

2. Serpent-2 code and the reactor model 
 
Serpent-2 code is a Monte Carlo continuous-energy stochastic transport code for burn 
up calculations[5,6]. To define a three-dimensional geometric model of fuel element or 
nuclear reactors, Serpent uses a universe-based combinatorial solid geometry (CSG), 
likewise to MCNP and other reactor physics code. The geometry is built up of material 
cells, which are defined by diverse surface types. With this most of the reactor geometry 
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4. Fueled experiment Serpent simulation 

 
Following the verification of reactor Serpent model based on in-core flux distribution, 
Serpent model was used to reproduce a fueled experiment.  
In fact, some fuel elements were recently measured by gamma spectroscopy after 
irradiation in the current core[8]: fission products were detected and their activity values 
determined. The target of the present Serpent simulation was the verification of the 
reactor model behavior as for the evaluation of irradiated fuel composition and activity. 
 
 

Fuel 
Element 

Load to core Last irradiation Measurement 
Core 

position 
9213 21/01/2013 25/03/2015 01/12/2015 B2 
9214 21/01/2013  25/03/2015 02/12/2015 B4 
9905 21/01/2013  25/03/2015 03/12/2015 C1 
9915 21/01/2013  25/03/2015 03/12/2015 D1 
9932 21/01/2013  25/03/2015 03/12/2015 E1 

Table 2: fuel elements considered for Serpent verification against measured activity 
values. 

 
The measured fuel elements that were investigated by Serpent calculation are listed in 
Table 2: their positions vary in order to check various distances from the core center 
(from the inner ring B till the E ring); two fuel elements were considered in ring B as one 
position (B2) lays between the Central Irradiation Channel and one of the control rods. 
All the fuel elements were loaded in the core in the same date and underwent no 
reshuffling during the considered period. Considering the limited operation period (see 
Table 2), the cumulative work of the reactor was also limited and resulted to be: 
 

W 21.01.13-01.04.25 = 547.841 MWh 
 
The Serpent burn-up simulation run with 1 million source neutrons per cycle, for a total 
of 1500 cycles, where the first 70 cycles are skipped. The model starts with the initial 
guess of keff = 1 and after 70 cycles the keff value has an accepted value. The unresolved 
resonance probability tables are switched on. 
As a simplification it was assumed that the reactor operated at full power of 250 kW 
continuously: that is, for a corresponding period of 91.31 operational days till the 
cumulative work of the reactor is reached. 
Each investigated fuel element was divided in 38 discs along the z-axis, 1 cm extension 
each, to get the vertical distribution of the activity. In the output, Serpent provided the 
material composition in each 38 cells, where all isotopes are expressed as atomic 
density (unit 1024/cm3). Multiplied by the volume of the cell, the total number of nuclides 
(N) was obtained, and then the activity A was calculated as follows: 

 
A = dN / dt = N λ 

 
In Figure 7, the Cs-137 activity distribution along the z-axis, in each of the five fuel 
elements, is shown as obtained by Serpent burn-up calculation. The results are 
compared with experimental values obtained by gamma spectrometry. Considering the 
approximation of modelling and calculation, the uncertainty can be evaluate of about 5% 
for Serpent values.  
Serpent calculated results can be considered in fair agreement with the corresponding 
experimental activity values, demonstrating the capability of the reactor model to 
reproduce the fission product inventory in irradiated fuel elements.  
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corresponding MCNP6 values and they resulted in very good agreement. The difference 
is always below 10% and it reaches its maximum value in the core external borders. 
As for burn-up calculation the good behavior of the neutron fluxes inside fuel elements is 
of primary interest, the neutron flux inside one sampled fuel element was verified by 
comparison of Serpent and MCNP6 values. The difference between the MCNP model 
and the Serpent model resulted below 5%, allowing to conclude that Serpent represents 
the neutron flux very accurately inside a fuel element. 
After Serpent model verification based on in-core flux distribution, Serpent was used to 
reproduce a fueled experiment. For selected irradiated fuel elements, composition and 
activity were evaluated. The Serpent Cs-137 activity distribution along the z-axis, in each 
of the five fuel elements, was compared with experimental values obtained by gamma 
spectrometry. Serpent results resulted in fair agreement with the experimental activity 
values, demonstrating the capability of the reactor model to reproduce the fission 
product inventory in irradiated fuel elements.  
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