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ABSTRACT 

 
The IPR-R1 is a reactor type TRIGA, Mark-I model, manufactured by the General Atomic Company and 

installed at Nuclear Technology Development Centre (CDTN) of Brazilian Nuclear Energy Commission 

(CNEN), in Belo Horizonte, Brazil. It is a light water moderated and cooled, graphite-reflected, open-pool type 

research reactor. IPR-R1 works at 100 kW but it will be briefly licensed to operate at 250 kW. It presents low 

power, low pressure, for application in research, training and radioisotopes production. The fuel is an alloy of 

zirconium hydride and uranium enriched at 20% in 
235

U. 

 

The Implementation of the PGNAA (Prompt Gamma Neutron Activation Analysis) Technical at the TRIGA 

IPR-R1 research reactor of the CDTN will significantly increase in the types of matrices analyzable.  A project 

is underway in order to implement this technique in CDTN. 

 

In order of verified the feasibility of the PGNAA at the TRIGA reactor, the MCNP (Monte Carlo N-Particle) 

method is used to theoretical calculations. This paper presents the results of a preliminary study of the neutron 

and gamma-ray dose in the room where the reactor is located, in case of implementation of this technique in the 

IPR-R1.   

 

 

1. INTRODUCTION 

 

The IPR-R1 is light water moderated and cooled; graphite-reflected, open-pool reactor which 

works at 100 kW but it will be briefly licensed to operate at 250 kW. It presents low power, 

low pressure, for application in research, neutron activation analysis (NAA), training and 

radioisotopes production.  

 

The fuel is homogeneous mixture of zirconium hydride and Uranium 20% enriched in 235U 

isotope. The core has a radial cylindrical configuration with six concentric rings (A, B, C, D, 

E, F) with 91 channels that are surrounded by coolant (water). This core contains 59 fuel 
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elements cladding with aluminum, 4 fuel elements cladding with stainless steel, 23 radial 

reflectors elements, 3 control rods (shim, safety and regulating), 1 central channel, and 1 

neutron source. The fuel elements have three axial sections, upper and lower reflector 

(graphite), and the central portion filled with fuel (U-ZrH).  

 

In the 80´s, a vertical tube was installed in reactor pool for extract of the reactor neutron flux 

and utilizes this flux in several experiments, as show in Fig. 1, but since its installation has 

been little utilized [5, 7] . 

 

The PGAA is a method of analysis used when the gamma radiation emitted by the nuclides to 

be activated detected "rapidly" means that simultaneously with the neutron irradiation of the 

sample. It is especially the case for some light elements such as H, C, N and B. To 

application of the PGAA in IPR-R1 is necessary using the vertical tube to extract the neutron 

flux of the reactor, because it is localized inside pool [4, 6, 8]. 

 

 

 
 

Figure 1: Top view from the pool and the of neutron vertical extractor of the TRIGA [9] 

 

With the aim of contributing in the feasibility of the PGAA application, this study developed 

a theoretical methodology for the calculation of neutron and gamma dose in the room where 

the IPR-R1 reactor is located, using the code MCNP5 [1]. In order to evaluate the influence 

of the PGAA application in terms of neutron and gamma dose in reactor room. 

 

The MCNP5 is one of the main mathematical tools used in the determination of the neutron 

parameters of a nuclear reactor. It is used in complex problems which cannot be modeled by 

codes that use deterministic methods. It happens because the distribution of probability which 

manages these events is exemplified statistically to describe these phenomena. Moreover, it is 

a code which has great flexibility on the geometry. 

 

 

2. METHODOLOGY 

 

The simulated model was based on previous studies [3] where the reactor core has the same 

geometry of the IPR-R1 with some changes around of the reactor, for example the insert of 

the neutron extractor. In order to contribute in study of PGNAA installation at the TRIGA 
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reactor, the MCNP5 computer code was used in the calculation of the neutron and gamma 

dose in the room where the IPR-R1 is located, without the neutron extractor (Model 1) and 

with it (Model 2), Fig.2 and 3.  

 

MCNP5 is a general-purpose, continuous-energy, generalized-geometry Monte Carlo 

transport code. The calculations reported in this paper were performed with the ENDF/BVII.0 

cross-section library (processed at the National Nuclear Data Centre at Brookhaven, obtained 

from the Radiation Safety Information Computational Centre at Oak Ridge) [1].  

 

To Model 1 was made the calculation in 8 positions, starting over reactor pool with a 

variation of 50 cm between the positions, as illustrated in fig. 2. Already the Model 2 the 

calculation was performed in positions around and in the place where the sample will be 

subjected there is neutron flux. 

 

The software run with the help of CENAPAD-MG [2] and a Core Duo 3GHz processor, the 

KCODE option of the MCNP5 was set with several values of neutron histories and active 

cycles, appropriate for each calculation type, therefore was obtained several processing time 

 

 
Figure 2: Model 1 of IPR-R1 – MCNP5 
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Figure 3: Model 2 of inclined tube and place where the samples will be irradiation 

(shielding) – MCNP5 

 

 

2. RESULTS AND DISCUSSION  

 

As already explained above the Model 1 (without the neutron extractor) was made the 

calculation in 8 positions, starting over reactor pool. And the Model 2 the calculation was 

performed in positions around and in the place where the sample will be subjected there is 

neutron flux (with the neutron extractor) The results calculated by MCNP5 of the neutron and 

gamma dose in Model 1 and 2 ( illustrated in Fig. 2 and 3) are presented in the Table 1 and 2. 

 

Table 1: Gamma dose (μSv/h)  

 

Position Model 1 Error (%) Model 2 Error (%) 

1 0.30 5.4 2.41E-03 5.67% 

2 0.26 6.58 8.66E-03 8.35% 

3 0.23 7.33 0.35 4.94% 

4 0.21 7.72 0.49 4.27% 

5 0.19 8.25 8.41E-09 19.16% 

6 0.17 8.59 

------- 7 0.15 8.77 

8 0.13 8.98 
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Table 2: Neutron dose (μSv/h)  

 

Position model 1 Error (%) model 2 Error (%) 

1 0.083 12.24 15.8 1.01 

2 0.135 12.23 1.01 25.91 

3 0.217 12.14 2.33 2.37 

4 0.344 12.01 2.33 3.11 

5 0.474 12.22 0.52 4.11 

6 0.485 12.12 

------- 7 0.337 12.50 

8 0.189 13.43 

 

 

The results obtained in model 1 (with extractor) were 0.13 to 0.30 μSv / h for gamma dose 

and 0.083 to 0.485 μSv / h for neutron dose. Already in Model 2 (without extractor) were 

8.41 x 10
-9

 to 0.49 μSv / h for gamma dose and 0.52 to 15.8 μSv / h for neutron dose. 

 

Moreover, in each one of these methodologies was considered the error of the code for the 

calculation of neutron and gamma dose generated in the output of the code. In model 1 (with 

extractor) the error was from 5.40 to 8.98% for gamma dose and 12.01 to 13.43% for neutron 

dose. Model 2 (without extractor) were 4.27 to 19.16% for gamma dose and 1.01 to 25.91% 

for neutron dose. 

 

 

3. CONCLUSION  

 

The results obtained in model 2 (with extractor) were lower than in model 1 (without 

extractor) for gamma dose. Already to neutron dose, the results of the Model 2 were higher 

than the results obtained in model 1. Moreover, the dose values were found in the order of 

magnitude of μSievert while the limits acceptable for a worker are in the order of mSieverts. 

Thus, proving that the application of the PGAA will not contribute to a significant increase of 

the dose in room where the reactor is located. 

 

The results obtained in model 2 (with extractor) were lower than in the model 1 (without 

extractor) for gamma dose. For the calculation of neutron dose, the results of model 2 were 

higher than the results obtained in model 1, this occurs due to the passage of neutrons inside 

the extractor (air) which has a less cross-section that of the water. Thus facilitating its passage 

and increasing the neutron dose in the reactor room. Even with this increased neutron dose in 

the reactor room, the dose values obtained were of the magnitude order μSievert. As the 

acceptable limits for workers are around mSieverts, this study showed that with PGAA 

installation there will be not in increase significant  dose so as not to allow operators in the 

room where the reactor is located. 

 

Thus, it was shown that the codes and MCNP5 is an excellent tool for characterizing the 

neutron and gamma dose in a reactor. Moreover, is important emphasize that the results 

obtained in this study come from statistical and theoretical basis, what may cause punctual 

failures. 
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