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ABSTRACT 
Radiation protection has become an important field of study, as the use of ionizing radiation for diagnosis 

and therapy increased along the years. According to the ALARA principles, shielding is one of the most 

efficient ways to minimize radiation exposure. Linear accelerators for radiotherapy treatment can lead to a 

considerable risk due to radiation for public and workers if proper shielding is not calculated. Mazeless rooms 

for LINACS are becoming more usual, as they need less space to be constructed, but, on the other hand they are 

more expensive. The doors of those kinds of rooms are an important point, as they will have to be thicker in 

mazelles room to proper shield the radiation. The NCRP 151 lays out the general considerations for the 

shielding calculation of standard rooms, with mazes, but there are no specific recommendations for mazeless 

rooms on literature. The work herein presented evaluated the absorbed dose in a room model without maze, 

which will be constructed soon in Brazil. The applicant calculated the thickness of the door as if it was a room 

with maze, and the authors used computational simulation wit MCNP code to simulate the same room, and 

calculated the door thickness as if it was a secondary barrier. The dose limit considered was for public 

occupation, 1 mSv/sem, and the energy beam was of 6 MeV. The simulated results showed that the applicant 

calculation thickness for the door was underestimated in 88%.  The obtained results are important to establish a 

better methodology for shielding calculation of mazeless radiotherapy rooms that are becoming more common 

in Brazil.  

 

 

1. INTRODUCTION 

 

Radiotherapy treatment can lead a considerable risk due to radiation to patients, 

occupationally exposed individuals (IOEs) and the public if proper safety measures are not 

taken. A shielding design suitable for rooms with accelerators is an important security 

measure for the protection of IOEs and members of the general public. High neutron fluence 

rates can cause high doses in working individuals, or in the vicinity of radiotherapy rooms, 

and those doses may be higher than doses received due to photons [1,2,3].  

 

NCRP 151 sets out the general considerations for shielding calculation in standard 

radiotherapy rooms, although it is noted that many shield designs differ from this standard 

room, such as mazeless rooms. The mazes are concrete walls built between the accelerator 

and the entrance of the radiotherapy room, with the function of minimizing the dose of 

radiation at the door of the room. Rooms without maze have been more commonly used, as 

they require less space to be built. In Brazil there are currently 2 radiation room without 

maze, and another under construction. The doors of these types of room should have greater 

thickness, making them often extremely heavy and costly [4].  
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As those mazeless rooms are recent constructions, there is little literature about the doses of 

neutrons in these types of rooms, and there is no international regulation or recommendation 

for rooms without labyrinth. Therefore, the goal of this study is to evaluate the absorbed dose 

relative to photons and neutrons in a room model without labyrinth, and to verify if these 

doses are within the limits established by the Brazilian National Nuclear Energy Commission 

(CNEN).  

 

 

2. METHODS 

 

In this work we simulated a radiotherapy room of a real facility in Brazil. The room was 

simulated as exactly described in the shielding project that an applicant sent to the CNEN for 

our evaluation. A scheme of the room is described in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Scheme of the mazeless room submitted to CNEN for analysis. A and B are 

primary barriers, X is the isocenter.  

 

 

The main interest is about the door, which is the sensitive point in mazeless rooms. The 

applicant describes the door as being an area with occasional occupation of technicians and 

patients. This region was considered a public area (in terms of shielding calculation) with U 

(use factor)= 1 and T (occupational factor) = 1/8.  

 

The applicant considered the following contributions to radiation in the door: patient 

scattering; Scattering of the primary beam on the walls of the room; Scattering of leakage 

radiation by the head on the walls of the room; Leakage radiation transmitted through the 

maze; And also the contribution of gamma capture and neutrons However this methodology 

is not suitable for this case because the room is not a standard model, there is no maze. The 

authors calculated the doses at the door as if the door was a secondary barrier, using a 

computer simulation. 

 

To evaluate the absorbed doses at the door of this room, it was used a computer simulation 

with the code MCNPX (version 2.7.0). The head shielding of the accelerators were simulated 
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in details. However, in order to simulate linacs with different energies, the energies of the 

electron hitting the target were changed (pencil beam). For the calculations a divergent beam 

of radiotherapy was simulated, with the collimator open to the maximum, generating a field 

of 40 x 40 cm2 in the isocenter.  

 

The room was simulated without labyrinth with real dimensions, according to a shielding 

project of a radiotherapy facility in Brazil. Three detectors were positioned at different 

positions at the door, to estimate the equivalent dose of neutrons. The accelerator was first 

simulated with energy of 6 MeV, considering a working load of 1000 Gy/week. The 

simulated photon spectra was validated according to data published in the literature 

 

 

3. RESULTS 

 

The simulated photon spectra presented agreement with those presented in the literature, with 

uncertainty less than 1% between them [5].  The simulated radiotherapy room was showed in 

Figure 1, all the lateral barriers will be constructed in concrete and the door will be 

constructed in lead, according to the applicant, and they were simulated with the same 

material and thickness as presented in the shielding project. The height of the door is 2,10 m 

and the width is 1,20 m; the distance from the door to the isocenter is 5,39 m. 

 

The first simulation was for the 6 MeV energy beam. The final doses found in the detectors 

were: 13 mSv/week, at detector 1; 34 mSv/week, at detector 2; and 41 mSv/week at detector 

3. It is important to note that there’s a difference of more than 200% of the dose among 

detectors 1 and 3, highlighting the influence of the position along the door to measure the 

doses of radiation.   

 

The necessary shielding for this room was considered for the highest dose, at detector 2, and 

the factor T= 1/8. It will be necessary 16,94 cm of lead to shield radiation, considering the 

Brazilian limits for public areas, which is 0,02 mSv/week. In the applicant’s shielding project 

the calculated shielding was 9 cm of lead, as he didn’t consider the door as secondary barrier, 

he did the door calculation according the NCRP 151, considering the room a standard room 

with maze. 

 

3. CONCLUSIONS  

 

The computational simulation of a mazeless room showed that it is important to distinguish 

the calculation method of the door, from a room with maze. In this present work a shielding 

project submitted to the Brazilian National Nuclear Energy Commission for analysis was 

reproved. In this project the applicant calculated the door of a mazeless room as if it was a 

standard room. The calculated thickness of the door was underestimated in 88%, considering 

the Brazilian limits for public exposure of 1 mSv/week. This simulated room was for an 

energy beam of 6 MeV. As a future work the authors will calculate the same parameters, but 

with energies of 10 MeV and 15 MeV beans to study the neutron and gamma capture 

contributions in mazeless radiotherapy rooms. This will be important to evaluate the public 

and occupational doses in those kinds of bunkers, which are becoming more common in 

Brazil. 

 

 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

 

REFERENCES 

 

1. Healy; B.J., van der Merw,e D., Christaki, K.E., Meghzifene, A., Cobalt-60 Machines and 

Medical Linear Accelerators: Competing Technologies for External Beam 

Radiotherapy. Clin Oncol (R Coll Radiol). (2017) 29(2):110-115.  

2. Basran P.S., Baxter P., Beckham W.A.. Reducing radiation risks to staff for patients with 

permanently implanted radioactive sources requiring unrelated surgery. J Appl Clin Med 

Phys. (2015) 8;16(5):5372.  

3. Awosan K.J., Ibrahim M., Saidu S.A., Ma'aji S.M., Danfulani M., Yunusa E.U., Ikhuenbor 

D.B., Ige T.A., Knowledge of Radiation Hazards, Radiation Protection Practices and 

Clinical Profile of Health Workers in a Teaching Hospital in Northern Nigeria. J Clin 

Diagn Res. (2016) 10(8):LC07-12. 

4. Report No. 151 - Structural Shielding Design and Evaluation for Megavoltage X- and 

Gamma-Ray Radiotherapy Facilities (2005) 

5. Rezende G.F., Da Rosa L.A., Facure A., Production of neutrons in laminated barriers of 

radiotherapy rooms: comparison between the analytical methodology and Monte Carlo 

simulations. J Appl Clin Med Phys. (2014) 8;15(6):5035 

 

https://www.ncbi.nlm.nih.gov/pubmed/27908503
https://www.ncbi.nlm.nih.gov/pubmed/27908503
https://www.ncbi.nlm.nih.gov/pubmed/27908503
https://www.ncbi.nlm.nih.gov/pubmed/26699296
https://www.ncbi.nlm.nih.gov/pubmed/26699296
https://www.ncbi.nlm.nih.gov/pubmed/27656470
https://www.ncbi.nlm.nih.gov/pubmed/27656470
https://www.ncbi.nlm.nih.gov/pubmed/25493530
https://www.ncbi.nlm.nih.gov/pubmed/25493530
https://www.ncbi.nlm.nih.gov/pubmed/25493530

