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Abstract: In this work the MCNPX code was used to design a calibrating room for 
neutron detectors to be implemented in the Laboratório de Ciências Radiológicas of 
UERJ. The calibration room containing a neutron irradiator with a 241Am-Be source, a 
linear positioning system, radiation detectors and a shadow cone was modeled. The 
ambient dose equivalent rate, ���∗ 	�10�, in adjacent to the calibration room areas, as 
well as neutron scattering caused by the room itself were calculated. Using an 
occupancy factor of 1/16 for all adjacent areas, 3.8 cm of 5% borated polyethylene or 
5.5 cm of concrete for shielding is enough to satisfy radiation safety requirements. 
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1. INTRODUCTION 

The Laboratório de Ciências Radiológicas 
(LCR) from Universidade do Estado do Rio de 
Janeiro (UERJ) has an authorization from 
Comissão Nacional de Energia Nuclear (CNEN) 
to perform calibration of X-ray and gamma-ray 
measuring instruments. In order to perform 
neutron calibration of area monitoring 
instruments the LCR needs to design a room that 
meets the technical requirements. 

Reliable and precise measurements of neutron 
radiation are difficult to obtain due to the large 

energy range given by radionuclide source like 
241Am-Be, as cited in ISO 8529 [1]. In addition,  
ISO 8529 [2] establishes that an increase in 
instrument reading should be as low as possible 
and not more than 40 % due to room-scattered 
neutrons.  

In this work the computer code MCNPX [3] 
was used to simulate an irradiation system 
consisting of a neutron source with 185 GBq 
241Am-Be inside of a borated polyethylene 
cylinder with a conical aperture to create a 
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neutron beam. To assess the radiation scattering 
by the room it was used a shadow cone made of 
iron and borated polyethylene to block the direct 
radiation on the detector. 

The measurements of the ambient dose 
equivalent rate, ���∗	�10�, simulating detectors in 
several places, were performed in order to 
determine the need of neutron and gamma 
shielding for the classifying the surroundings of 
the calibration room as radiation free areas. 

2. LITERATURE REVIEW 

2.1. Neutrons and neutron shielding 

The most common radionuclide neutron 
source is 241Am-Be that emits neutrons and 
photons with a large energy range (from a few 
keV to some MeV), which detailed energy 
distributions and average energies are provided 
by ISO 8529 [1]. These sources are frequently 
used for instrument calibration and metrological 
checking.  

Neutrons have high penetration power in most 
material, mainly due to absence of electrical 
charge.  Scatter and absorption are the two ways 
of neutrons energy loss. The main parameter to 
evaluate the capacity of a neutron to interact with 
a specific material is called cross section. 
Materials composed of low atomic number 
elements are preferable for stopping this type of 
radiation because they usually have higher 
neutron interaction cross-sections. In this way, 
hydrogen-based materials in conjunction with 
boron are well-suited for this task. By having 
these characteristics, borated paraffin and borated 
polyethylene have been widely used.  

 

2.2. Photons and photons shielding 

Low-density materials can disperse neutrons 
through elastic scattering; however these 
materials can emit gamma rays when blocking 
neutrons. As photons are electromagnetic 

radiations, they also have high penetration power. 
But, differently from neutrons, photon 
attenuation increases with density, (the higher 
material density, higher photon attenuation). 
Therefore, materials like concrete and lead have 
been used to shield against these radiations. 

2.3. Equivalente de dose ambiente - H*(10) 

Neutron fluence is generally used as the basic 
reference quantity, because reference instruments 
for measuring the absorbed dose do not exist. 
However, the absorbed dose can be determined 
with calorimeters or ionization chambers. Once 
the spectral neutron fluence at reference position 
has been determined, different dosimetric 
quantities can be calculated using conversion 
coefficients. Ambient dose equivalent is the 
dosimetric quantity for radiation protection. The 
conversion coefficients from fluence to this 
quantity are given by ICRP [4], as a function of 
neutron energy. 

The CNEN, whose main functions are 
research, development and application of nuclear 
techniques, as well as regulating the use of 
nuclear energy in Brazil, establishes maximum 
dose values for occupationally exposed 
individual (IOE) and individual member of the 
public can receive. The limit for IOE is 100 mSv 
in 5 years and for individual member of the 
public is 5 mSv in the same period of time. 

3. METHODOLOGY 

This work has two main goals: the 
determination of the level of radiation in the 
surroundings of the calibration room and the 
assessment of the amount of neutrons scattered 
by the room.  

In order to reduce the radiation field it was 
simulated an irradiator made of a lead cylinder of 
0.5 cm thickness with 70 cm diameter and 70 cm 
length filled with borated polyethylene, with a 
conical channel made for insertion of the neutron 
source and neutron beam output. The code 
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MCNPX was used to create the computational 
model containing the calibration setup and the 
irradiation room, as shown in figures 1 and 2. 

 
Figure 1 – Calibration setup 

The cross sections of the materials involved in 
this work were selected among those given by 
literature [5]. 

To check the dose in areas surrounding the 
neutron irradiation room, several detectors were 
simulated at the interest points (F5 tally). The 
ambient dose equivalents at those points were 
estimated to check and guarantee that those areas 
could still be radiologically classified as free. The 
neutron radiation shielding was calculated using 
concrete and 5 % borated polyethylene. This last 
material contains high hydrogen content making 
it an effective fast neutron radiation shield. The 
boron content of 5 % provides excellent 
attenuation of thermal neutrons, thus reducing the 
levels of capture-gamma radiation. In this work it 
was considered that 5 % borated polyethylene 
and concrete have a macroscopic neutron cross-
section of 0,121 cm-1 and 0,089 cm-1, respectively 
[6]. The classical equation to neutron radiation 
shielding calculation was used,  

��∗�10�= 	 ���∗	�10�	���.�            (1) 

where: ���∗ 	�10� is the ambient dose equivalent 
rate without shielding, 

  ��∗�10� is the ambient dose equivalent 
rate with shielding,  

 Σ is the total macroscopic cross-section 
of shielding material, and  

 x is the shielding material thickness. 

To calculate room-scattered neutrons several 
detectors were placed at different distances from 
the neutron source with and without the shadow 
cone. Iron and 5 % borated polyethylene were 
used to simulate the shadow cone as 
recommended by ISO 8529 [2]. The irradiation 
room dimensions (498 cm long, 542 cm wide and 
440 cm high) are those of the area available in 
the LCR for future implantation of neutron 
monitor calibration.  

 
Figure 2 – Irradiation room. 

4. DEVELOPMENT 

After getting the real irradiation room 
dimensions, the irradiator was positioned taking 
into account the more convenient direction for 
irradiation. Thickness and material composition 
of the walls were considered in order to obtain a 
higher accuracy of simulations. To measure the 
neutron scattering by the room, the irradiation 
linear positioning system was also considered.  

To calculate the ambient dose equivalent rate, 
for radiation protection purposes, the detectors 
were simulated to be in the external face of the 
walls of the irradiation room.  

 
 
 5. RESULTS AND DISCUSSION  

The places where the measurements were 
performed are shown in figure 3. 
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Figure 3: H��∗ 	�10� measuring places; a) side view; 
b) top view. 

The results of the simulation are presented in 
table 1.  

Table 1. Ambient dose equivalent rate, H��∗ 	�10�, 
in areas surrounding the irradiation room 

Position 
H��∗ 	�10� 
neutrons 
(µSv/h) 

 Relative 
error 

H��∗ 	�10� 
photons 
(µSv/h) 

Relative 
error 

1 46.050 0.0001  0.181 0.0007 
2 12.419 0.0034  0.057 0.0600 
3   0.012  0.0396 0.001 0.3744 
4   0.022  0.0379 0.002 0.5030 
5   0.650  0.0132 0.009 0.1223 
6   0.146  0.0235 0.004 0.1038 
7   0.304  0.0168 0.018 0.0670 

 

The results of neutrons scattering by the room, 
are presented in table 2. The first measurement 
was made 110 cm from the shadow cone, as 
shown in figure 1. The others were made with 20 
cm steps, from the first measurement. At the 

same points, measurements in a void were made 
and presented in table 2. All statistical errors are 
smaller than 1%. 

Table 2. Percentage of neutron scattered 

Position 
	H��∗ 	�10� in 

a void 
(µSv/h) 

H��∗ 	�10�	with 
shadow cone 

 (µSv/h) 

% 
scattered 

1 32.13 3.47 10.78 
2 27.91 3.65 13.09 
3 24.68 3.82 15.48 
4 22.34 3.86 17.27 
5 21.03 3.49 16.61 

 

The relative errors showed in table 1 are 
reliable for the limits given by the code. 

Taking into account the dose limit established 
by CNEN for individuals member of public, and 
maximum of 40 hour of neutron source workload 
per week, the maximum dose rate allowed is 0,5 
µSv/h. Thus, all total	���∗	�10�, due to neutron and 
gamma radiations, calculated for all adjacent to 
the calibration room areas are below this value 
and none additional shielding is necessary to 
keep as radiation free areas. Exception is the wall 
reached straightly by the neutron beam. Behind 
of this wall there is a waste storage building 
whose people occupancy is occasional, so 
occupancy factor of 1/16 can be applied [7]. 
Using the Eq. 1, the calculation show that 3.8 cm 
of 5 % borated polyethylene or 5.5 cm of 
concrete as shielding thickness is quite enough to 
meet the radiation dose in the regulation rules.  

Table 2 shows the percentage of neutron 
scattering in the room, indicating that there is no 
wide variation of measurements at different 
points and all are below 18%. 

6. CONCLUSION 

The results of simulations show that the 
calibration room designed with the neutron 
irradiator meets regulatory rules, no additional 
shielding is needed for rooms on the lower and 
upper floor, even in the surrounding areas on the 
same floor of the neutrons calibration room. 
Exception is for the wall reached straightly by the 
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neutron beam where a shielding thickness of 3.8 
cm of 5 % borated polyethylene or 5.5 cm of 
concrete is enough conservative to reduce the 
ambient dose equivalent rate to value allowed for 
individuals member of public. 

The influence of scattered neutrons in detector 
readings is much lower than the 40% limit 
established in elsewhere [2]. 
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