
Contents lists available at ScienceDirect

Radiation Physics and Chemistry

journal homepage: www.elsevier.com/locate/radphyschem

Contribution of the scattered radiation on the neutron beam fluence at the
calibration laboratory of IPEN
Tallyson S. Alvarengaa,⁎, Ivon O. Poloa, Walsan W. Pereirab, Felipe S. Silvab, Evaldo S. Fonsecab,
Linda V.E. Caldasa

a Instituto de Pesquisas Energéticas e Nucleares, Comissão Nacional de Energia Nuclear (IPEN/CNEN), Av. Prof. Lineu Prestes, 2242, 05508-000 São Paulo, SP, Brazil
b Instituto de Radioproteção e Dosimetria, Comissão Nacional de Energia Nuclear (IRD/CNEN), Av. Salvador Allende, 9, 22780-160 Rio de Janeiro, RJ, Brazil

A R T I C L E I N F O

Keywords:
Monte Carlo code
Scattered radiation
Neutron fluence

A B S T R A C T

In recent years, an upsurge in demand for neutron calibrations has been experienced in Brazil and several other
countries in Latin America, mainly due to the increase in oil prospection and extraction procedures. The only
laboratory for calibration of neutron detectors in Brazil is located at the Institute for Radioprotection and
Dosimetry (IRD/CNEN), Rio de Janeiro. This laboratory is the national standard dosimetry laboratory in Brazil.
With the increase in the demand for the calibration of neutron detectors, the need for more calibration services
became evident. In this context, the Calibration Laboratory of IPEN/CNEN, São Paulo, which already offers
calibration services of radiation detectors with standard X, gamma, beta and alpha beams, recently projected a
new calibration laboratory for neutron detectors. One of the main problems in this kind of calibration laboratory
is related to the knowledge of scattered radiation. In order to evaluate it, simulations were performed without
the presence of the structural elements and with the complete room. Thirteen measurement points were eval-
uated at various distances. As part of the characterization process of the radiation fields of the new Neutron
Calibration Laboratory, this work presents results on the influence of the radiation scattered by the structural
components of the room: walls, doors, ceiling and floor, in different calibration positions, on the detector re-
sponse. Therefore, the neutron radiation attenuation and the scattering parameters were determined at different
source-detector distances, through computational simulation, using the MCNP5 Monte Carlo code.

1. Introduction

Currently, there is an increase on the activity of the oil sector,
medical applications and scientific research employing neutron sources,
leading to an increased demand for radiological monitoring services.
Thus, it is necessary to develop tools and methods to ensure the relia-
bility of radiation measurements (INMETRO, 2012). In this sense, the
first step is to ensure the precision and accuracy of the instruments
(Schuhmacher, 2004) by means of a proper calibration process. In
Brazil, according to the CNEN NE 3:02 standard, the calibration is
compulsory, and must be carried out by authorized institutions (CNEN,
2011).

In Brazil, there is only one calibration laboratory for neutron de-
tectors, located at the National Laboratory for Metrology of Ionizing
Radiation (LNMRI-IRD/CNEN, Rio de Janeiro). This laboratory is also
the only Secondary Standard Dosimetry Laboratory (SSDL/IAEA net-

work) in Latin America, which offers this kind of service, thus with a
high demand of services per year. In practical situations involving the
calibration of neutron radiation detectors, one of the main problems is
related to scattered radiation, which may vary depending on the size of
the laboratory used in the calibration procedures (McCall et al., 1999;
Khabaz, 2015). Because of scattered neutrons, their spectrum, mea-
sured at a certain point in the calibration laboratory, is not the same
spectrum as that emitted by the neutron source, thus influencing the
reading of the instrument being calibrated. This fact may cause a sys-
tematic error in the calibration of the neutron measuring devices
(Guzman et al., 2015; Vega-Carrillo et al., 2007a; Vanhavere et al.,
2001).

As part of the characterization process of the radiation field of the
new Neutron Calibration Laboratory of IPEN (LCN), the objective of this
work was to evaluate the influence of the radiation scattered by the
structural components of the room: walls, doors, ceiling and floor, in
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different calibration positions, on the response of the detectors, by
means of simulation using the Monte Carlo Method. MCNP5 calcula-
tions present the advantage to be a low cost technique that allows the
detailed study of the laboratory under evaluation including geometrical
set-ups and material selections (Vega-Carrillo et al., 2007b; Campo
et al., 2018).

2. Materials and methods

To perform the simulation of the LCN/IPEN, the Monte Carlo code
MCNP5 was utilized. This code was developed and is maintained by the
Los Alamos National Laboratory (USA); it is a statistical method in
which a sequence of random numbers is used for the purpose of solving
mathematical and physical problems, which are very difficult to obtain
directly; it can be used to calculate the radiation transport of neutrons,
photons and electrons (Pelowitz, 2008).

A total of 2 × 109 histories were simulated, with the F4 tally,
aiming to obtain results with smaller uncertainties. The geometry used
was based on the low floor of the laboratory, available at IPEN, to
ensure that all dimensions used in the simulation are in agreement with
those of the laboratory. The LCN is an installation that integrates the
Calibration Laboratory of Instruments, of the Radiation Metrology
Center. The LCN has dimensions of 6.88 m × 5.46 m and walls of
concrete with thickness of 15 cm and covered by drywall. The labora-
tory is 2.8 m high, the concrete ceiling is 15 cm thick, and the granite
floor is 5 cm thick. For a more realistic simulation, the surrounding
areas, which are composed by different materials, have also been in-
corporated into the geometric arrangement for the MC simulations.

The composition of the LCN materials in the MCNP5 code was taken
based on the PNNL-15870 report (McConn et al., 2011), where concrete
has a density of 2.35 g/cm3, granite of 2.69 g/cm3, wooden doors of
0.42 g/cm3 and an iron gate of 7.874 g/cm3. In order to evaluate the
scattered radiation, which occurs due to the interaction of the neutrons
with air and the structural components of the laboratory such as: floor,
ceiling, walls and doors, and to determine the main scattering structure
of the LCN, simulations using the MCNP5 code were performed. The
spectrum used in this simulation was obtained by means of ISO 8529-1
(ISO, 2001) from a 241AmBe source (37 GBq), positioned at a height of
140 cm from the floor.

3. Results

Thirteen positions of special interest were evaluated at distances
varying from 30 cm to 258 cm. In these positions were localized (vir-
tually) air spheres with 1.0 cm radius, filled with atmospheric air; the
neutron fluence values and the energy spectra were obtained directly
from the MCNP5 code. Fig. 1 shows the positions of interest and the
room geometry, used with the MCNP5 code.

In each of the thirteen positions of interest, the neutron fluence was
determined in the laboratory without and with the structural compo-
nents. In order to avoid the uncertainties arising from changes in geo-
metry in the Monte Carlo code, all surfaces and cells were maintained,
but the density of the materials was set to zero, so that the volumes
were of vacuum, avoiding the occurrence of radiation scattering. The
neutron fluence values were obtained directly from the MCNP5 code
(Pelowitz, 2008).

The scattering was determined by means of the ratio between the
obtained values of the room neutron fluence without the structural
components and the values of the room neutron fluence with the

structural components, where the scattering caused by the ceiling and
the floor was to be evaluated in detail. Table 3.1 presents the results of
the neutron scattered radiation fluence obtained at the thirteen mea-
surement positions, from 30 cm to 258 cm.

The percentual scattered neutron fluence was obtained by the dif-
ference between the fluence with and without components, divided by
the total fluence, multiplied by 100 and by the air-attenuation factor
and the anisotropy correction factor (ISO, 2000).

It can be verified that at the source-detector distances of 30 cm
occurs the lowest influence of the scattered radiation on the neutron
fluence: 13% with the complete room, 6% without the floor and 5%
without the ceiling; this is probably due to the proximity of the source.
For the largest source-detector distances, the influence of the scattering
radiation on the neutron fluence becomes much larger at the distance of
258 cm, reaching 84% with the complete room, 49% without the floor
and 20% without the ceiling; this influence occurs due to the interac-
tion of neutrons with the structural components of the laboratory. The
results obtained show significant changes in the fluence values at the
distances of 240 cm and 258 cm for both cases without the floor and
without the ceiling, due to the proximity of the wall (30 cm), resulting
in a large radiation scattering on the wall.

Figs. 3.2, 3.3 and 3.4 show the simulated spectra obtained at the

Fig. 3.1. The LCN installation geometry, used in Monte Carlo simulations with
the MCNP5 code.

Table 3.1
Influence of the scattered radiation on the neutron fluence, at the source-de-
tector distances of 30–258 cm.

Source-detector
Distance (cm)

Neutron scattered radiation (%)

Complete
laboratory

Laboratory
without floor

Laboratory
without ceiling

30 13 6 5
50 31 20 7
70 44 28 10
90 56 37 13
100 60 38 14
110 61 40 15
130 67 43 18
150 73 47 20
170 75 49 23
190 79 52 25
220 81 53 26
240 82 50 22
258 84 49 20
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thirteen measuring points without the presence of the structural ele-
ments of the laboratory. The simulated spectra obtained with the
complete laboratory, without floor and without ceiling were compared
with the reference spectrum ISO8529-1 (ISO, 2001), that is, without
scattering radiation.

From the spectra obtained by means of the simulation, when com-
pared to the reference spectrum, at the source-detector distances of
30–258 cm, it can be observed that for the shortest distance (30 cm), the
spectrum does not show significant peaks in the range of thermal en-
ergies. This fact is due to the proximity of the source. For the largest
distances ranging from 70 cm to 258 cm, it was observed that as the
source-detector distance increases, the simulated spectra present low
similarity when compared to the reference ones. It is possible to observe
that the spectra become considerably degraded and thermalized, where
it is possible to observe peaks in the thermal energy range between
energies of 10−8 MeV and 10−4 MeV; they probably occur as a con-
sequence of the large scattering caused by the proximity of these
measuring points of the wall (30 cm).

From the results presented in Table 3.1, it is possible to see that the
floor is the main structural component of the laboratory, which con-
tributes to the increase of the scattering radiation; it presents a value of
57% for the distance of 258 cm. This problem is very significant and
recurrent in this type of laboratory; ISO 8529-2 (ISO, 2000) re-
commends that the maximum calibration distance shall be fixed so that
the increase of the reading due to scattering radiation in the room is less
than 40%.

4. Conclusions

Due to the behavior of scattered radiation in the simulations, the
maximum calibration distance should be 50 cm, thus meeting the lim-
itations imposed by ISO 8629-2 (ISO, 2000) in the simulated laboratory
configuration. Thus, to allow the laboratory to carry out its activities, it
is necessary to evaluate the options for reducing the radiation scattering
of the site or limiting the distances to be used in order to meet the
standard recommendations.

Fig. 3.2. Simulated spectra obtained at the measurement points at the distances of 30–110 cm without the presence of the structural elements (floor and ceiling) of
the laboratory, compared to the reference spectrum of ISO8529-1 (ISO, 2001). The maximum uncertainty obtained in the energy bins is lower than 3%.
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