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Abstract: In this paper, a computational model using Monte Carlo codes has
been implemented for the modelling of an accelerator-driven Aqueous
Homogeneous Subcritical Systems (AHSS) conceptual design for medical
isotope production. It aims to contribute to the verification and validation of the
computational model and the most up-to-date evaluated nuclear data libraries
for the AHSS study. The calculation tasks performed were to compute and

Copyright © 2021 Inderscience Enterprises Ltd.



62

L.H. Pardo et al.

compare the AHSS neutronic parameters of interest using two widely used
codes, MCNP6 and Serpent 2. The results section is divided into three main
types of calculation: criticality calculations, fixed-source calculations and fuel
depletion/burnup calculations. All percentage differences between the results of
the codes are generally lower than 1% and agree within the statistical precision
of the codes with a confidence level of 99.7%.
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1 Introduction

Special attention has been paid to Aqueous Homogeneous Reactors (AHR) for medical
isotope production, in particular molybdenum-99 (*’Mo). Lower capital cost and
potentially lower operating costs, higher safety standards, easier processing and handling
of irradiated fuel, less generation of nuclear waste and more efficient neutron utilisation
than heterogeneous research reactors are the main advantages of AHRs for this
application (IAEA, 2008). Recently, some governments and private entities have carried
out a new approach based on AHRs and particle accelerators, the accelerator-driven
Aqueous Homogeneous Subcritical System (AHSS) (National Academies of Sciences
Engineering and Medicine, 2018; Syarip et al., 2018). This technology enhances the
strengths and reduces the weakness of AHR and accelerators for the production of
medical isotopes (Piefer et al., 2011). Several neutronic and thermal-hydraulic studies
have been accomplished by researchers using computational simulation for the
conceptual design and evaluation of AHSS (Gholamzadeh et al., 2015; Mirvakili et al.,
2016; Kim and Buechler, 2017; Syarip et al., 2018; Yassar et al., 2018; Nazarudin et al.,
2020; Kim et al., 2020; Hernandez et al., 2021; Ren et al., 2021).

Accurate modelling of these systems is of substantial importance in understanding
their multi-physics behaviour in all possible situations and operation regimes. This fact
has become more possible with improvements in computer hardware, the development of
advanced computational codes and the generation of more accurate nuclear data libraries.
Verification and validation of such codes and data libraries should be performed for each
application to be studied by comparing the calculation results with experimental
measurements. Typically, for nuclear reactor applications, neutronic calculation codes are
validated by contrasting the calculation results with criticality benchmarks such as those
listed in the International Criticality Safety Benchmark Evaluation Project (ICSBEP)
(Nuclear Energy Agency, 2020), as well as comparing them with the plant operational
data.

In the case of AHSS, currently under development, the experimental measurements
published for the scientific community is limited, as this is a novel technology. Even for
AHRs, the available information about experiments is scarce. In cases like this,
researchers often make code-to-code comparisons and use different nuclear data sources
to verify the agreement between the calculation results with distinct tools (Kromar and
Kurin¢i¢, 2013; Alferov et al., 2015; Dumen et al., 2017; Edwards et al., 2020).

In this paper, the two Monte Carlo codes MCNP6 (Armstrong et al., 2017) and
Serpent 2 (Leppédnen, 2015) have been implemented in the modelling of an AHSS
conceptual design for medical isotope production. It aims to contribute to the verification
and validation of the computational model and the most up-to-date evaluated nuclear data
libraries for the AHSS study. The calculation tasks were oriented to compute and
compare the most interesting neutronic parameters of the AHSS, for this, the results
section was divided into three main types of calculation: criticality calculations, fixed-
source calculations and fuel depletion/burnup calculations. In the criticality calculations,
the temperature dependence of the effective multiplication factor (k) was determined
with both codes, this is a very important characteristic in the coupled neutronic thermal-
hydraulic calculation for the multi-physics study of fission chain-reacting systems. In
addition, a subcritical state was estimated using the latest releases of two evaluated
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nuclear data libraries, the ENDF/B and the JEFF files, at room temperature. The fixed-
source type of calculation was used to estimate the neutron energy spectrum and the
volumetric distribution of the fission energy deposited in the fuel solution. Finally, the
depletion/burnup calculation was employed to evaluate the production of the medical
isotopes *’mo, iodine-131 ("*'T), Xenon-133 ('**Xe) and strontium-89 (*Sr).

2 Materials and methods

2.1 AHSS conceptual design description

The AHSS conceptual design analysed in this paper was detailed in Hernandez et al.
(2021). The AHSS conceptual design is a modified version of the Russian ARGUS
reactor (Glouchkov and Khvostionov, 1997; Pérez et al., 2015, 2017, 2019, 2020, 2021)
configured for operating in a subcritical state and assisted by a Deuterium-Tritium (D-T)
neutron generator. The subcritical system showed in Figure 1 is made up of a cylindrical
stainless-steel vessel with a hemispherical bottom 0.5 c¢cm thick and 30.5 c¢cm internal
diameter, containing an aqueous solution of uranyl sulphate (UO,SO,). The vessel has a
height of 71.5 cm and is surrounded by a graphite reflector in the shape of a rectangular
parallelepiped. A vertical channel of a 7.95 cm diameter tube penetrates by the centre of
the vessel from above, this is intended for the tritium gas target. Inside the vessel and
immersed in the aqueous solution, there are three helical cylindrical pipes into which
flows water as a cooling fluid, the objective of this pipe system is to maintain the
temperature of the homogeneous mixture below 90°C. Table 1 resumes the main
parameters and properties of the UO,SO,4 aqueous solution at 20°C.

Table 1 Main parameters of the uranyl sulphate aqueous solution at 20°C
Parameter Value Unit
Enrichment in 2*U 19.8 %
Concentration 390 g-U/L
Density 1.5073 g/em’
Volume 28759 cm’
Surface height 52.4 cm

A neutron generator with a tritium gas target based on a linear accelerator of low energy
deuterons was used as a neutron source. The D-T fusion reaction has a high cross-section
for the formation of helium-4 (‘He) and neutrons with 14.1 MeV, with a peak of 5 barn
around 109 keV (Richardson, 2019). For this conceptual design, a 300 keV deuteron
beam energy was assumed to impact a 2.4 kPa Tritium gas target. The graph of Figure 2
shows the beam energy dissipation as well as the normalised neutron production yield per
unit of length and current along the gas target. This feature is very important for the
neutron source modelling, it was determined assuming a theoretical methodology
employed in Hernandez et al. (2021) and proposed by (Piefer, 2014).
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Figure 1 Schematic view of the AHSS conceptual design
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2.2 Neutronic models and codes description

The Monte Carlo N-Particle (MCNP) particle transport code is a general-purpose three-
dimensional simulation tool that calculates the transport of 37 different types of particles
in criticality, dosimetry, effect on detectors and other applications. It can be used in
different modes of transport: neutron, photon or electron only, neutron/photon combined
transport where photons are produced by interactions of neutrons, neutron/photon/
electron, photon/electron, or electron/photon. This includes the ability to calculate
eigenvalues for critical systems, to calculate the particle transport in fixed-source mode,
and to perform the burnup/depletion and transmutation of materials. The code version
used was the MCNP6 v1.0, which was released in 2013 (Armstrong et al., 2017).

Similar to MCNP, Serpent (Leppanen, 2015) is a multi-purpose three-dimensional
continuous-energy Monte Carlo particle transport code. This was developed at VIT
Technical Research Centre of Finland and it has been publicly distributed by the
OECD/NEA Data Bank and RSICC since 2009. Serpent started as a simplified reactor
physics code, but the capabilities of the current development version, Serpent 2, extend
well beyond reactor modelling. Although this code was initially created with the idea to
be a well-suited code for lattice physics applications, especially group constant
generation, Serpent has been extended for multiple applications. They are divided into
three categories: 1) traditional reactor physics applications, including spatial
homogenisation, criticality calculations, fuel cycle studies, research reactor modelling,
validation of deterministic transport codes and others; 2) multi-physics simulations, i.e.
coupled calculations with thermal-hydraulics, CFD and fuel performance codes and 3)
neutron and photon transport simulations for radiation dose rate calculations, shielding,
fusion research and medical physics ( Serpent, 2021). In this work, the Serpent 2.1.29
specific version was used.

2.2.1 MCNPO6 and Serpent 2 models

The AHSS conceptual design model developed in Hernandez et al. (2021) with MCNP6
was used here. A longitudinal section view of the full 3D geometrical model of the
AHSS is shown in Figure 3. The helical pipes represented by equally spaced toroids
(2 cm) were the only simplification that was made to the geometrical model since they
cannot be modelled exactly in MCNP6. The neutron source was modelled as a 1 cm?
cross-section cylinder concentric to the vertical channel (see Figure 3); from which
neutrons are born isotropically at 14.1 MeV. The normalised neutron yield per current
and length unit (see Figure 2) was used to define a discretised probability distribution for
the neutron source along the vertical direction. This distribution was discretised with
31 points and MCNP6 uses linear interpolation for points between them (see Figure 4).

In this paper, the AHSS conceptual design was also modelled in Serpent 2. An
identical full 3D geometry to MCNP6 was generated, including the coiled pipes
simplification (see Figure 3) (Serpent 2 can accomplish the real coiled pipes model). The
neutron source modelling was performed in a similar way to MCNP6, but the probability
distribution was discretised in sections with a constant value equal to the mean between
the extreme values of each interval (see Figure 4).
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Figure 3 View of a longitudinal section of the geometrical model in a) MCNP6 and b) Serpent 2
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Figure 4 Discretisation of the neutron source probability distribution in MCNP6 and Serpent 2
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2.2.2 Nuclear data libraries

In contribution with the verification and validation process for nuclear data to transport
codes, evaluated nuclear data libraries from two different sources were used. The VII.O,
VII.1 and VIILO releases of the evaluated ENDF/B library were utilised in the MCNP6
and Serpent 2 calculations. In addition, the JEFF-3.1, JEFF-3.2 and JEFF-3.3 libraries
were employed. These libraries contain the continuous-energy neutron interaction data
and the neutron S(e, f) thermal data necessary for the proper neutron transport in such

codes. MCNP6 and Serpent 2 read those evaluated data in the ACE (A Compact ENDF)
format, which are elaborated with the nuclear data processing code NJOY (Macfarlane
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et al., 2017) and distributed with the codes. The ENDF/B-VIIL.0-based ACE library was
acquired from the Los Alamos National Laboratory (LANL) distribution site for nuclear
data libraries (Los Alamos National Security, 2018), and the ACE libraries based on the
JEFF-3.2 and JEFF-3.3 were obtained from the OECD/NEA (Nuclear Energy Agency of
the Organisation for Economic Co-operation and Development) Data Bank web site
(NEA Nuclear Data Services, 2018; OECD/NEA, 2021). The other libraries are
distributed with the codes.

Table 2 shows the available ACE libraries for all isotope/elements involved in the
AHSS models. Also the neutron S(a,f) thermal data libraries are specified for
hydrogen in light water (H-H,0), graphite and hydrogen in polyethylene (H-CH,). All
used libraries are evaluated at 293.6 K, except for the JEFF-3.1 library, which is at
300 K. In the case that an ACE library does not exist for a particular isotope/element, this
was supplied with the library indicated in Table 2. The JEFF-3.3-based ACE library uses
the new continuous representation of the S(«, ) thermal data, which is not compatible

with the Serpent 2.1.29 version, that is why the JEFF-3.2-based ACE library was used in
this case.

Table 2 Nuclear data libraries used for each isotope or element in all materials
Isotope/element ENDF/B JEFF
ZAID VILO VILI  VILO 3.1 32 3.3
1001 v v v v v v
5010 v v v v v v
5011 v v v v v v
6012 ENDF/ ENDF/ v ENDF/ ENDF/ ENDF/
B-V.0 B-V.0 B-V.0 B-V.0 B-V.0
7014 v v v v v v
8016 v 4 v v v v
14028 v v v v v v
15031 v v v v v v
16032 v 4 v v v v
18000 LANL/T LANL/T LANL/T LANL/T LANL/T LANL/T
T BN N0 ENDE s BN
24052 v v v v v v
25055 v 4 v v v v
26056 v v v v v v
29063 v v v v v v
92234 v v v v v v
92235 v v v v v v
92236 v v v v v v
23238 v 4 v v v v
H-H,0 v v v v v v
Graphite 4 v v 4 v v
H-CH, v v v JEFF-3.2 4 JEFF-3.2
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2.3 Methodology

All the calculations carried out in this work were divided into three sections, classifying
them by type of calculation: criticality calculations, fixed-source calculations, and fuel
depletion/burnup calculations.

2.3.1 Criticality calculations

The interconnected nature between thermal-hydraulic and neutron transport phenomena
makes the multi-physics study of nuclear reactors and subcritical systems necessary for
the correct understanding of their behaviour in different accident scenarios or operating
conditions. To accomplish this study, neutron transport and thermal-hydraulic codes are
coupled in an iterative calculation process. One of the most important aspects of such
analysis is the good representation of the temperature changes in the system for the
neutronic calculations.

In this section, two calculations tasks were carried out. The first one consisted of
calculating the k¢ of the AHSS conceptual design for several subcritical states varying
the uniform temperature of the aqueous solution in each one. Supposing that the normal
operating temperature range of the AHSS is 20 to 90°C, as assumed in Hernandez et al.
(2021), eight configurations from 20 to 90°C with steps of 10°C were calculated.

To simulate the temperature effect over the system reactivity, two main aspects were
taken into account: the thermal expansion of the aqueous solution and the variation of the
neutron interaction cross-sections. The thermal expansion was included by modifying the
mass density of the aqueous solution, but the increase of the solution volume was not
modelled considering this is negligible. For MCNP6, the cross-section libraries for each
temperature were created using the MCNP utility program makxsf (Brown, 2006). This
program incorporates routines from the NJOY (Macfarlane et al., 2017) and DOPPLER
(MacFarlane and Talou, 2003) codes to provide for Doppler broadening of resolved data
to any higher temperature, and for interpolating S(«, f) thermal scattering kernels and

probability tables for unresolved resonance data between two bracketing temperatures
(Brown, 2006). Serpent 2 uses its built-in Doppler-broadening pre-processor routine for
adjusting the temperatures of ACE format cross-sections; also, it interpolates between
tabular data for adjustment of neutron thermal scattering cross-section and energy-angle
distributions in S(a, f) format (Serpent, 2021).

The second calculation task involved the re-calculation of the 20°C subcritical state of
the AHSS conceptual design with both codes using the six different evaluated ENDF/B
and JEFF libraries.

All the eigenvalue problems were calculated using 50 and 1000 inactive and active
cycles respectively, with 15,000 histories per cycle in both codes. The Serpent 2 code
uses two approaches to calculate the k.g-eigenvalue, the analogue and the implicit
estimator (Leppénen, 2015), both of which were considered for the comparisons in this
work.

2.3.2 Fixed-source calculations

Fixed-source calculations were performed to calculate important features that depend on
the external neutron source. The first task was to determine the neutron energy spectrum



70 L.H. Pardo et al.

in the aqueous solution volume. For this, the energy range of 0.001 eV to 15 MeV was
considered and this interval was divided into 200 lethargy-normalised bins.

The second topic consisted in computing the spatial distribution of the fission energy
deposited in the solution volume. For this, a cylindrical tally mesh was superimposed
over the aqueous solution volume composed of 130 points in the radial direction and
500 points in the vertical direction. Only one bin was established in the angular direction
considering that the system geometry has axial symmetry.

These two calculation types were performed using the ENDF/B-VIL.1 library at
293.6 K. The neutron source was modelled as explained in Sub-section 2.2.1 for each
code and 4 million histories were recorded.

2.3.4 Depletion/burnup calculations

By last, the medical isotope production was quantitatively estimated by the depletion/
burnup calculation. The calculations with both codes were executed considering a
nominal thermal power of 20 kWy, in ten operation days. The calculation time step for
both codes was chosen as one day. In each time step, a predictor-corrector approach is
applied by the codes using 1000 active and 50 inactive cycles, respectively. In order to
reduce the computational requirements, 5000 histories per cycle was set. For MCNP6,
the CINDER decay and fission yield data library was used, which is based on the
ENDEF/B-VI.0 evaluation. While for Serpent 2, this data type was adopted from the
ENDF/B-VI.8 data source. The accumulation of mass and activities of ®Mo, ¥’Sr, 3*Xe
and "'I were recorded.

3 Results and discussion

Calculation results were reported in the same order as explained above.

3.1 Criticality calculations

The first results of the subcriticality calculations are shown in Table 3. This reports the
kegr eigenvalues calculated with MCNP6 and Serpent 2 and their respective standard
deviations for eight different subcriticality states. In the case of Serpent 2, the analogue
(A k) and implicit (I k) estimates of ker are specified. The last two columns
contain the percentage differences between the two Serpent 2 estimates and MCNP6
calculated as:

kMCNPG - kSerpem x 100% (1)

(kMCNP6 + kSerpent ) /2

It can be seen that all percentage differences are smaller than 0.1% and only for the 70°C
case it is higher than 0.05% with the Serpent 2 implicit approach.

Additionally, these calculations results were graphically illustrated in Figure 5, where
a 3o error bar graph is used for their comparison. It shows the good agreement of the two
codes results for the different temperature states, which demonstrates the good
temperature treatment of the codes. Note that each k. value for all temperature states is
within the 3o size interval (a confidence level of 99.7%) of the others.
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Table 3 Eigenvalues calculated with MCNP6 and Serpent 2 for the eight temperature states

Temp MCNP6 Serpent 2 Differences %
(°C) ko (0.00020) A_kyy (£0.00033) I ko (+0.00024)  A_Diff I Diff
20 0.98744 0.98733 0.98746 0.011  —0.002
30 0.98417 0.98440 0.98396 -0.024  0.022
40 0.98045 0.98055 0.98047 -0.011  —0.002
50 0.97725 0.97727 0.97711 -0.002  0.014
60 0.97316 0.97321 0.97336 -0.005  —0.020
70 0.96998 0.96958 0.96939 0.041 0.061
80 0.96646 0.96641 0.96613 0.005  0.034
90 0.96254 0.96261 0.96266 -0.007 —0.012

Figure 5 Comparison of eigenvalues calculated by MCNP6 and Serpent 2 for the eight
temperature states (3 o error bars)
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On the other hand, Table 4 shows the calculation results regarding the verification of
several data libraries sources. This contains the k. eigenvalues calculated with MCNP6
and Serpent 2 using three ENDF/B and three JEFF libraries at 20°C. Also, the percentage
differences were reported resulting in absolute values less than 0.5%, only the ENDF/
B-VIIL.O case was higher than 0.1%. For each code, the standard deviation of the
six-group results was calculated and specified at the end of each column, this evidence a
bigger dispersion in the Serpent 2 results.

From another point of view, Figure 6(a) presents the graphical analysis of the
previous results. This graph compares the k. values calculated with each library for the
two codes. In the case of MCNPG6, the results are less dispersed than the Serpent 2 results,
which is related to the standard deviation of the two codes results. This trend suggests
that the MCNPG6 solver is more precise for the same histories account recorded. As can
be noted, the results with the ENDF/B libraries are always higher than those with the
JEFF libraries. Figure 6(b) demonstrates the good agreement between the codes
calculation results for all libraries.
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Table 4 Eigenvalues calculated with MCNP6 and Serpent 2 with different data libraries
sources
Lib MCNP6 Serpent 2 Differences %
orary ko (£0.00020) A _kyy (£0.00033) 1k (+0.00023) A Diff I Diff
endf70 0.98698 0.987504 0.987282 —-0.053 —-0.031
endf71 0.98744 0.987327 0.987460 0.011 —0.002
endf80 0.98767 0.988798 0.988699 —0.114 —-0.104
jeff31 0.98582 0.985295 0.985393 0.053 0.043
jeff32 0.98555 0.985330 0.985315 0.022 0.024
jeff33 0.98601 0.986580 0.986289 —0.058 —0.028
o 0.0009 0.0014 0.0013 - -
Figure 6 Comparison between a) data libraries sources ( 3o error bars) and between b) MCNP6
and Serpent 2 (3o error bars)
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3.2 Fixed-source calculations

In this section, the results regarding the fixed-source calculation type were reported.
First, the energy neutron spectrum was determined by the two codes. Figure 7 shows the
normalised neutron flux (per neutron source intensity n/s) in the energy range divided by
lethargy-normalised 200 bins. The two peaks evidence the thermal behaviour of the
subcritical system. Above the 10 MeV energy, it can be noted a third lowest peak due to
the contribution of the 14.1 MeV neutron source. The percentage differences between the
neutron spectrums calculated by the two codes (see Figure 7) reach 0.96% and the
MCNP6 results generally exceed the Serpent 2 ones by 0.79%.

Figure 7 Energy neutron spectrums (with 3 o error bars) in the aqueous solution calculated by the
codes and their percentage differences
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Figures 8(a) and 8(b) show the spatial distribution of the fission energy density SP
normalised to the average value of fission energy density oP,, deposited in the aqueous

solution volume determined by the codes MCNP6 and Serpent 2, respectively. It is
appreciable a peak close to half of the solution height and to the central channel, which is
in part influenced by the higher neutron source intensity in this zone. With a simple view
of these graphs, it is possible to appreciate the similarity in the two profiles, Figure 8(c)
exposes the percentage differences that are below 5%. The differences are almost
uniformly distributed over the solution. Figure 9 shows that more than 85% of all mesh
points of the two normalised fission energy density profiles agree with less than 1%,
while the differences are less than 2% for more than 98% of the points. Mesh points with
differences larger than 5% only represent 0.3%, these points are located in the lowest
zone of the aqueous solution, just below the central channel. It is supposed that this zone
is much less populated with neutrons than the rest of the solution, consequently, Monte
Carlo codes record fewer fission events and this makes the tally less precise and less
trustworthy.
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Figure 8 Spatial distribution of the normalised fission energy density deposited in the solution
calculated by a) MCNP6, b) Serpent 2 and c) Absolute values of the percentage
differences
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3.3 Depletion/burnup calculations

In ten days of the aqueous solution irradiation at 20 kWy, of thermal power, the fuel
solution burnup reaches only 17.83 MWd/MTU. It was verified that the variation in k. is
lower than their standard deviation.

The last task was accomplished by calculating the buildup of the isotopes of interest.
Figures 10a, 10c, 10e and 10g show the accumulated mass of “Mo, ¥Sr, P'T and **Xe,
respectively, in ten days of continuous irradiation calculated with MCNP6 and Serpent 2.
Figures 10(b), 10(d), 10(f) and 10(h) exhibit the percentage differences between the two
code estimations. As it can appreciate, the percentage differences are less than 1% in all
cases, except for the 1311 isotope, which reaches a value of 3%. In the case of Mo, the
differences do not follow a clear trend, therefore, they may be associated only with the
statistical precision of both codes.
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On the other hand, the percentage differences between the codes estimates for the
¥Sr, T and "*’Xe nuclides tend to increase with time and the Serpent 2 estimations of
nuclides mass are always larger than the MCNP6 ones. This may be a consequence of not
using the same decay and fission yields libraries. However, it is expected that the main
reason for those discrepancies is correlated to the different isotope generation algorithms
of both codes. While Serpent 2 automatically activates a wide range of nuclides
generated during the transmutation calculations, MCNP6 tracks only certain decay
chains, which may obviate important isotopes like ¥Se, ¥Br, ¥Kr, *¥Rb, *'Te, *'™Te,
31 and **™Xe that leads to the production of *Sr, *'T and '**Xe by beta decay reactions.
Nevertheless, the percentage differences increase with a tendency to stabilise for a time
greater than ten days.

Figure 10 Accumulation of a) *Mo, ¢) ¥’Sr, e) *'I and f) '**Xe masses in ten days calculated with
both codes and their respective percentage differences b), d), f) and h)
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4 Conclusions

In this paper, the two Monte Carlo codes MCNP6 and Serpent 2 have been implemented
in the modelling of an AHSS conceptual design for the partial verification and validation
of the computational model developed and the most up-to-date evaluated nuclear data
libraries. The calculations were orientated to compute and compare the most interesting
neutronic parameters of the AHSS, for this, three main types of calculation were
carried out: criticality calculations, fixed-source calculations, and fuel depletion/burnup
calculations.

In the criticality calculations, the temperature dependence of the effective
multiplication factor was determined with both codes, resulting in that all percentage
differences between the k. estimates were smaller than 0.1% and were within the
statistical precision of each value. The k. eigenvalues calculated with MCNP6 and
Serpent 2 using three ENDF/B and three JEFF libraries at 20°C result in percentage
differences less than 0.5%, only the ENDF/B-VIILO case was higher than 0.1%. The kg
estimations with Serpent 2 using all libraries were more dispersed about a central value
than the MCNP6 ones. The results with the ENDF/B libraries were always higher than
those with the JEFF libraries for both codes.

Regarding the fixed-source type of calculation, the percentage differences between
the neutron energy spectrums calculated by the two codes reach 0.96% and the MCNP6
results generally exceed the Serpent 2 ones by 0.79%. However, the normalised neutron
flux values by the two codes agree with a confidence level of 99.7%. The volumetric
distribution of the fission energy deposited in the fuel solution results in that more than
85% of all mesh points agree with less than 1% between the codes, while the differences
are less than 2% for more than 98% of the points.

Finally, the depletion/burnup calculation was employed to evaluate the production of
the medical isotopes Mo, "*'I, **Xe and *Sr. The percentage differences were less than
1% in all cases, except for the 131y isotope, which can reach a value of 3%. However, the
percentage differences increase with a tendency to stabilise for a time greater than
ten days.

Finally, the two codes and six nuclear data libraries used showed good agreement
between them. Thus, the computational model developed for the AHSS study can be
suitably implemented applying these tools.
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