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ABSTRACT 

 

This aim of this work is to reassess the shielding calculations for a room that houses an 

irradiator with cesium-137 (Cs
137

) source with activity of 444GBq (12Ci). Shielding or 

barriers have the function of reducing the intensity of the radiation emitted by a radioactive 

source, are constituted by materials of high atomic number and guarantee the radiological 

protection in areas occupied by occupationally exposed individuals or by individuals of the 

public. The barriers located in the direction of the direct beam of radiation are called primary 

barriers and are thicker. Already the barriers that attenuate the radiation scattered by the 

radiated surface are called secondary barriers. In the new calculations, the thickness of the 

primary barrier was determined by model of the point nucleus model and for the secondary 

barriers, the differential albedo dose model was used. The results obtained show that all 

secondary barriers were constructed with overestimated thicknesses and that the radiological 

protection of individuals from the public and occupationally exposed individuals in the areas 

outside these barriers is guaranteed. The primary barrier was constructed with a thickness 8% 

smaller than the thickness obtained in the new calculations. In addition to shielding 

calculations, classification and signaling of adjacent areas were performed, including 

necessary emergency procedures. The necessary instrumentation for monitoring these areas 

was also determined. 

 

 

1. INTRODUCTION 

 

The shielding of areas containing radioactive sources consists of the insertion of physical 

barriers consisting of materials with a high atomic number (e.g. concrete, lead and steel) that 

reduce the intensity of the radiation beam [1]. It is one of the measures taken in radiation 

protection to ensure that radiation levels in adjacent areas are in line with the requirements 

for optimization and dose limitation for occupationally exposed individuals and for 

mailto:leticia.fmufg@gmail.com
mailto:rbarbosa@cnen.gov.br
mailto:rbarbosa@cnen.gov.br
mailto:anacbrz@gmail.com


INAC 2017, Belo Horizonte, MG, Brazil. 

 

individuals in the public [2,3]. In addition, the shielding has the function of preventing or 

reducing potential exposures [1]. 

 

The barriers are classified according with the intensity of the radiation beams which 

attenuate. Barriers that attenuate the direct or primary radiation beam are called primary 

barriers and have a higher thickness, since they attenuate higher intensity beams. The barriers 

that attenuate scattered radiation due to the interaction of the primary beam with the 

irradiated surface are called secondary barriers. The thickness of these barriers depends on 

the activity of the source, the energy of the radiation beam emitted, the occupation of 

adjacent areas, the geometry of the source and the distance from the source or surface 

radiated to the point to be protected. 

 

This work aims to reassess the shielding calculations for a room that houses an irradiator 

(Shepherd & Associates, Model 28) with a source of Cs
137 

with activity of 444GBq classified 

in subgroup 3B of radiative installations [4]. In the new calculations, the thickness of the 

primary barrier was determined by means of the point nucleus model and for the secondary 

barriers, the differential albedo dose model was used [5,6]. Both models take into account the 

buildup factor, which is based on the recurrence of scattered photons in the direction of a 

detector or the protected point [1]. In addition to shielding calculations, classification and 

signaling of adjacent areas were performed, including necessary emergency procedures and 

the necessary instrumentation for monitoring these areas. 

 

 

2. METHODS 

 

2.1 Classification of areas 

 

Before starting the calculations it was made the classification of areas, considering the room 

of the irradiator and the areas adjacent to it (Fig.1).  

 

 

 

Figure 1: Sketch of the irradiator room and adjacent 

areas. P1 and P3 are the irradiator and the entrance 

of the room respectively. 
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The irradiation room with Cs
137 

source was classified as a controlled area, since it requires 

specific measures of radiological protection and safety. The room on the left contains a 

portable self-contained irradiator with Sr
90

/Y
90

 source and was also classified as a controlled 

area. The entrances of these two rooms were signaled with a print containing the symbol of 

the ionizing radiation and with information about the source (Fig.2a and Fig.2b). The 

operating room of the Cs
137

 irradiator and access hall were classified as supervised areas and 

their respective entrances were also signaled with symbol of the ionizing radiation (Fig.2c). 

In all the printed also the telephone of the service of attendance to radiological emergencies 

was placed.  

 

The other areas are classified as free areas (Fig.1). They do not require identification but 

should be monitored so that the effective dose for individuals in the public does not exceed 

1mSv.year
-1

 [1].  

 

Individuals who operate the irradiator or who remain near the room are classified as 

occupationally exposed individuals (OEIs) and should use personal dosimeters [1]. The 

annual dose limit for OEIs is 20mSv.year
-1

 [2,3]. 

 

 

 

 

2.2. Primary Barrier:  the point nucleus model 

 

The thickness of the primary barrier P7 (Fig. 1) was calculated using the point nucleus model, 

in which the dose rates in the absence and presence of the shield are determined, respectively, 

by the following equations: 

 

 

𝐷0̇ = 𝐹.
𝐴

4𝜋𝑑𝑃𝑅𝐼
2 . 𝑡𝐴  

 

 

�̇�1 = 𝐵. 𝐷0̇. 𝑒−𝜇𝑥′   

 

Where, 𝑫𝟎
̇  is the dose rate at the point to be protected without the shielding (mSv.year

-1
); 𝑭 is 

the dose rate constant (mSv.m².MBq
-1

.h
-1

); 𝑨 is the source activity; 𝒅𝑷𝑹𝑰 is the distance 

Figure 2 Signaling of areas: (a) Cs
137

 radiator room; (b) Sr
90

/Y
90

 irradiator room; (c) operating room and 

access hall. 

(1) 

(2) 
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between the source and the point to be protected in the direction of the primary radiation 

beam (m); 𝒕𝑨 is the annual operating time of the irradiator (h.year
-1

);  �̇�𝟏 is the dose rate at 

the protected point with the shield (mSv.year
-1

); 𝑩 is the buildup factor; 𝝁 is the linear 

attenuation coefficient of the shield material (cm
-1

) and 𝒙′ is the primary barrier thickness 

(cm). 

 

The buildup factor 𝐵 is determined by the following equation: 

 

𝐵 = 𝐴1𝑒−(𝛼1.𝜇𝑥) + (1 − 𝐴1)𝑒−(𝛼2.𝜇𝑥)  

Where, A1, α1 and α2 are tabulated parameters and depend on the energy of the radiation 

beam [6]. The parameter 𝝁𝒙 was obtained by calculating the uncorrected barrier thickness, 

that is, the thickness for which the buildup factor is not considered. This thickness is obtained 

by the following equation: 

 

𝑥 =  
1

𝜇
 ln [

�̇�0

�̇�1
]  

 

 

Where, 𝑥 is uncorrected thickness. 

 

2.3 Secondary barrier: differential albedo dose model 

 

The thicknesses of the secondary barriers (P2, P4, P5, P6, P9 and P10, in the Figure 1) were 

obtained by differential dose albedo model, the dose rates of reflected radiation in the absence 

and presence of the shield are determined, respectively, by: 

 

𝐷�̇� =  𝐷𝑂𝑆
̇  . cos(𝜃0) .

𝒜

(𝑑𝑠𝑒𝑐)2 𝛼𝐷(𝐸0 ,𝜃0, 𝜃, 𝜙)  

 

Where,  

 

�̇�𝑅: reflected dose rate without point to be protected (mSv.year
-1

); �̇�𝑂𝑠: dose rate on the 

reflecting surface (mSv.year
-1

); 𝜃0: angle between the incident beam and a normal reflection 

plane (radians); 𝒜: reflected surface area (m²); 𝑑𝑆𝐸𝐶: distance between a reflecting surface 

and the protected point (m); 𝛼𝐷: differential albedo dose; 𝐸0: energy of the radiation beam 

(MeV); 𝜃: angle between the reflected beam and a normal plane of reflection plane (radians); 

𝛷: angle between the x-axis and a projection of the reflected beam on reflection plane 

(radians). 

 

𝐷2̇ = 𝐵. 𝐷�̇� . 𝑒−𝜇𝑥′′
  

 

Where, 𝐷2̇ is the dose rate at the point to be protected with the shielding (mSv.year
-1

); 𝐵 the 

buildup factor; �̇�𝑅 is the dose rate due to scattered radiation at the point to be protected 

without shielding (mSv.year
-1

); 𝜇 is the linear attenuation coefficient of the shield material 

(cm
-1

) and 𝑥′′ is the secondary barrier thickness (cm). 

 

 

(3) 

(4) 

(5) 

(6) 
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2.4 Emergency procedures and area monitoring 

 

In the operating room of the Cs
137

 irradiator was also placed another form with the 

procedures to be performed in case of emergency, which consist of: (1) sealing doors and 

windows; (2) turn off ventilation systems; (3) evacuate the area; (4) communicate the 

radiological emergency service. 

 

Room monitoring of the Cs
137

 irradiator and operating room should be done by means of 

fixed Geiger-Müller area monitors. 

 

 

3. RESULTS AND DISCUSSION 

 

In order to calculate the primary barrier, the distance between the source and the frontal wall 

(P7), the thickness of P7 and 30 cm beyond its external surface was considered being, 

𝑑 𝑃𝑅𝐼 =  5,487𝑚. The primary barrier consists of common concrete, whose linear attenuation 

coefficient is 0,141 cm
-1 

for energy beams of 0,662 MeV. The area outside the primary barrier 

is a free area, with circulation of individuals from the public. Therefore, the annual dose limit 

to be considered is 𝐷1̇ = 1mSv.year
-1 

[2,3]. The dose rate constant is 𝐹 = 8,90 × 10
-5 

mSv.m².MBq
-1

.h
-1 

[7] and the annual operating time of the irradiator is 2000 h.year
-1. 

Substituting these parameters into equation (1), 𝐷0̇ = 209 mSv.year
-1

. Then, the uncorrected 

thickness is 𝑥 = 38 cm. From this thickness the factor 𝜇𝑥 = 5,4 was calculated and 

substituting A1, α1, α2 and 𝜇𝑥 in equation (3), we obtained the buildup factor 𝐵 = 11,8. To 

find the corrected barrier thickness, the parameters B, 𝐷0̇, 𝐷1̇ and 𝜇 were replaced in equation 

(3). Therefore, the thickness found for the primary barrier was 𝑥′ = 55,4cm. 

 

For secondary barriers the dose rate on the reflecting surface was calculated from equation 

(1), considering the distance between the source and the irradiated object, which is equal to 

1m. Thus,  �̇�𝑜𝑠 = 6289 mSv.year
-1

. For the area of the reflected surface 𝒜, the area of 

uniformity of the radiation field, determined in an internal report of the CRCN-CO [8], was 

adopted, where 𝒜 = 615,75×10
-4 

m². In order to calculate the thicknesses of the secondary 

barriers, the distances between the irradiated surface and the protected points were obtained 

at 30 cm from the outer surface of these barriers, considering the thickness with which they 

were constructed. For 𝛼𝐷, the value for the differential albedo of water dose [6] was 

considered. The angle between the incident beam and a normal reflection plane 𝜃0 is 0 

radians. Substituting these parameters into equation and the respective distances between the 

radiated surface and the secondary barriers (5), we obtain dose rates in the absence of 

shielding, presented in Table 1. 

  

 

Table 1:  Results obtained for secondary barriers 

 

Barrier dsec (m) 𝑫𝟐
̇ (mSv.year

-1
) 𝑫�̇�(mSv.year

-1
) 𝑩 𝒙′′(𝒄𝒎) 

P2 2,968 20 2,9 - - 
P4 4,803 20 1,1 - - 
P5  3,010 20 2,8 - - 
P6 3,399 20 2,2 - - 

P9 and P10 2,208 1 5,3 3,6 21,0 
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The external areas of the barriers P2, P4, P5 and P6 are occupied by OEIs only, with the 

annual dose limit at the protected point equal to 20 mSv. Therefore, shielding is not required. 

At the 30 cm point of the P9 and P10 barriers, a dose rate of 5,3 mSv.year
-1

 was obtained. 

The external area is a free area with dose limit of 1 mSv.year
-1

. Uncorrected thicknesses were 

obtained in the same way for the primary barriers, replacing the dose rate at the protected 

point 𝐷2̇ (Table 1). According to the values of 𝐷�̇� and 𝐷2̇, only the wall to the right of the 

irradiator (P9 and P10) needs shielding, whose thickness is 21,0 cm, obtained by equation (6). 

 

 

4. CONCLUSIONS  

 

The results show that all secondary barriers were constructed with overestimated thicknesses 

and that the radiological protection of individuals from the public and OEIs in the areas 

outside these barriers is guaranteed. However, the primary barrier was constructed with a 

thickness of 8% less. This difference is explained by the methodology used in the previous 

calculations, which were done using the standard NCRP 49, specific for medical installations 

with X-ray sources and gamma with energies of up to 10 MeV. In these calculations the 

methodology of shielding calculations for teletherapy equipments with a source of Cs
137

 and 

the contribution of scattered photons in the primary beam is not considered. However, since 

the actual operating time of the irradiator is 75% lower than the operating time considered in 

the new calculations and therefore, the exposure level for individuals in the public is within 

the allowable limit. 

 

To confirm the veracity of the calculations, the dosimetry of the radiation beam must be 

performed, in order to verify its behavior. A radiometric survey should also be performed on 

all barriers in order to check the radiation levels at all points to be protected. The calculations 

involving secondary barriers can still be performed by Monte Carlo simulations, using a 

Chilton-Huddelson approximation [9,10] to more accurately determine the angles between 

the spreader surface and the scattered radiation beams (θ and Φ) and the albedo dose 

differential values. 
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