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ABSTRACT 
 

This work presents a study of the atmospheric dispersion of emissions released during activities of production and research of 

radiopharmaceuticals in the Center of Nuclear Technology Development (CDTN), localized in Belo Horizonte, Minas Gerais – Brazil. 

The installation, “Unidade de Produção e Pesquisa de Radiofármacos” (UPPR), was considered operating full time during a year.  The 

general goal was to evaluate the radiological environmental impact due to these atmospheric emissions. The pollutants studied were 

the radionuclides F-18, C-11 and N-13. The meteorological view evaluated was a period of 365 days, simulated from the dates of a 

typical meteorological year. It was applied the dispersion model ARTM (Atmospheric Radionuclide Transport Model). The 

atmospheric emissions from UPPR were estimated for the simulation based in an extremely conservative operation condition. Others 

important data raised and analyzed were: topography, obstacles (buildings) and the land occupation around the CDTN. Among the 

main results, it is important to emphasize the estimate of the radionuclide`s concentration and the dose value calculated from these 

concentration. These results were compared with the dose restriction limit set by the standard CNEN 3.01. Areas of higher 

concentration were identified and are being used as reference for the positioning of the concentration’s monitor of the pollutant by the 

Radiological Environmental Monitoring Program (PMA). 

 

 

1. INTRODUCTION 

 

This paper presents the study in CDTN to carry out the estimated annual dose on emissions of gaseous effluents 

released as a result of operations on the Research Unit and Radiopharmaceutical Production (UPPR) of CDTN. 

The main technique consists in implement a numerical simulation of radionuclide dispersion process in the 

atmosphere; therefore it was applied the ARTM dispersion model (Atmospheric Radionuclide Transport 

Model). The ARTM, developed by the German Federal Office for Radiation (BfS), calculates the dispersion 

and deposition of radioactive materials released into the atmosphere using a Lagrangian particle model which is 

based on recommendations made by the German environmental agency, TA Luft - guideline VDI 3945 Part 3 

(BfS, 2013). The main information included in the model were the annual air emissions estimated by the 

radiation protection service of installation based on a conservative operating condition; data of the topography, 

meteorological information and some geographic characteristics of the region where the plant is located. The 

pollutants studied were the radionuclides F-18, C-11 and N-13. The calculated dose values were compared with 

the dose constraint limit set by the standard CNEN 3:01 (2011). 

 

 

2. STUDY AREA 

 

The domain was composed of a square with sides of 6 km and the center was located at the geographical 

position of the release source (chimney) of atmospheric effluent of UPPR. Figure 1 shows a view of this area. 

Observe the presence of the Federal University of Minas Gerais (UFMG) and the UFMG ecological reserve, 

places where CDTN is inserted. After them, surroundings are composed of neighborhoods with residential and 

commercial characteristics. 
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Figure 1:  Region considered in the study (red line). Source: Own. 

 

The local altimetry was elaborated from data provided by the Project Top Date (INPE, 2012). The data obtained 

from the INPE (Instituto Nacional de Pesquisa Espacial) were worked with geoprocessing tools to obtain the 

topography and the DEM- Digital Elevation Model. It was generated the model "TIN - Triangular Irregular 

Network", using the module tools "Spatial Analyst", Software ArcGIS 10.0, which allowed generate the DEM. 

 

The influence of the main neighboring buildings in the effluents transport process after releasing the chimney 

outlet (building downwash) was also considered in this work. Therefore, it was worked the information of the 

main existing buildings near the UPPR that could influence the dispersion process. The dimensions and 

locations of the buildings have been obtained from the engineering sector of CDTN and imported into ArcGIS 

10.0 application, where they were georeferenced to UTM 23 S system (WGS-84 datum). 

 

 

3. METEOROLOGY 

 

The CDTN has a weather station localized 100 meters far from UPPR. This study used meteorological data 

relative the year 2010, this year was selected because it was considered like a typical year and the database had 

a complete data of 365 days. 

 

 
 

Figure 2: Local weather conditions. Source: Own. 

UPPR UFMG
R. Ecológica

(a)

(b)

(c)
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Figure 2 shows graphs that summarize the main meteorological features. The ARTM model uses, for each hour, 

the air temperature; wind speed, wind direction, standard deviation of wind direction, among others. The wind 

direction was characterized using 36 sectors, 10 degrees each, as shown in the rose winds (a) drawn considering 

the direction from which the wind comes. It is observed the predominant wind direction: from the east. The 

speed predominant class has winds between 2.4 and 3.8 m/s (32.7%), with about 12% of calms winds (b). 

Stability classes (SC) used in ARTM model should follow the following distribution: I - very stable; II - stable; 

III1 and III2 - neutral; IV - unstable; V - very unstable; VI - unknown. Note the predominance of neutral classes 

(III1 and III2) and very stable (I) class (c). 

 

 

4. DOMAIN DISCRETIZATION (GRID RECEPTORS) 

 

When using ARTM model the concentration results are calculated in pre-established positions (grid points) 

within the domain, these positions are denominated as receptors. Each cell in this grid corresponds to a square 

of exactly 40 x 40 meters, the full grid (6 x 6 km) is formed an array of 150 by 150, which represents a total of 

22,500 receivers. For vertical axis (Z) has been used a vertical layer located between 0 and 3 meters. This layer 

corresponds to a located receiver in the ground surface. This grid was chosen to fulfill the entire domain. 

 

 

5. EVALUATION OF THE ACTIVITY RELEASED 

 

The Activity (A) released in the production is evaluated from the readings of a model scintillator Rotem PM-11, 

connected to online monitoring system (MEDISMARTS), described in section 6 of the Safety Analysis Final 

Report (SAFR) of the UPPR. The activity (kBq) is calculated by the following equation: 

 

                                                                 )()( avTLkA em                                                                    (1) 

 

The constant k represents the calibration factor that relates the readings (Lm), in counts per second (CPS) in the 

detector, to the activity (kBq x m
-3

). This factor was determined from measurements made in the own 

installation, being equal 4 kBq x m
-3

 x CPS
-1

. It is used by MEDISMARTS system, which records on the 

screen, every 4 seconds, the instantaneous value of the activity. For this purpose, the system also uses, the air 

velocity within the duct ( v , m/s) measured by the flow’s Rotem, connected to the MEDISMARTS system, the 

cross-sectional area (a) of the exhaust duct (equal to 0.16 m
2
) and the transmission time (Te). 

 

 

6. DEFINITION OF THE SOURCE TERM (ANNUAL EMISSIONS) 

 

The atmospheric emissions associated with the annual operating of UPPR were estimated by the Radiological 

Protection Service from real data emissions released by each type of radiopharmaceutical produced. For 

implementing the emission rates in the ARTM model, which works with hourly information, was assessed the 

total output (integration) of emissions at each hour occurring in the production of various types of 

radiopharmaceuticals. The database used for these estimates was established considering the maximum 

production values for emission rate during 2013. However, for the F-18 [FLT] was considered the productions 

from the year of 2012, because there was no FLT production in 2013. The flow exhaust system was considered 

to be constant and equal to 0.28 m
3
/s. The following table contains the main issue of information implemented 

in ARTM model. 
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Table 1 - Estimated gas emissions in UPPR 

 

 
Source: Radiological Protection Service installation, 2013. 

 

The number of productions per week by the type of radiopharmaceutical was estimated considering a full load 

conditions throughout the year. However, actually, the number of current production is much lower than that 

presented in Table 1 and used in the calculations. This would be a standard week that was supposed to happen 

throughout the year. Noteworthy that holidays were not considered, namely, the production happen over 365 

days. 

 

 

7. RESULTS CONCENTRATION 

 

The ARTM model generates results throughout the study area: square of 6 km x 6 km around the emission 

source (chimney UPPR). However, it was found that only an area of 1.5 km for 1.5 km over the installation was 

relevant to the study. Thus, the results presented below are specific to this area. For each radionuclide of 

interest the following assessments were obtained: 

 

 Average concentrations in the air along the year (Bq/m
3
): value used to assess the dose by inhalation 

and dose due to external irradiation of an individual immersed in the radioactive plume; 

 Deposition of radioactive material (Bq/m
2
) on the ground: value used to assess the dose for exposure to 

the material deposited on the ground by an individual located at a specific position. 

 

The results of the spatial distribution of mean annual concentration in Bq/m
3
 and ground deposition for the C-

11 had maximum values (1,777E0 Bq/m
3
; 1,203E2 Bq/m

2
) in the parking area of the building of UPPR, in 

CDTN. The second highest values occurred in CDTN area too and in a small part of the UFMG ecological 

reserve next to UPPR. For the N-13 the spatial distribution of mean annual concentration in Bq/m
3
 and 

deposition of radioactive material (Bq/m
2
) had maximum values (4,784E-2 Bq/m

3
; 3,079E0 Bq/m

2
) at the 

CDTN’s gate 2. The second highest, took place again in the parking area in front of the UPPR building and in 

the UFMG ecological reserve. For the F-18, the spatial distribution of mean annual concentration in Bq/m
3
 not 

presented significant values. However, the values for deposition of radioactive material (Bq/m
2
) showed 

maximum values (2,066E+3 Bq/m
2
) near the side street UPPR. The second highest values occurred again in in 

the parking area of the CDTN. 

 

 

8. EFFECTIVE DOSE ESTIMATE 

 

The estimates of the total effective doses were based on the sum of the effective doses due to external exposure 

in the period of one year with the committed effective doses due the incorporation of radioactive substances in 

the same period. Radionuclides disposed on the environment traverse different paths through transfer routes 

until they reach the man and its motion can be mathematically described by compartmental models (IAEA, 

1982). The transfer paths that contribute to a higher effective radiation dose in man are known as critical paths 

of exposure. The release of radioactive material into the atmosphere and consequent deposition on ground 

Radiopharmaceuticals

Number of

productions 

per week

Maximum 

output per 

activity (Ci)

Emission rate by 

production

[(Bq / m3) / h]

Day of the week Time of Productions

F-18 (FDG) 10 8 896.000 Tuesday to Friday 7:00 às 8:00;  14:00 às 15:00

N-13 4 0,5 150.000 Monday
7:00 às 8:00; 8:00 às 9:00; e 

14:00 às 15:00; 15:00 às 16:00

C-11 4 6 12.600.000 Tuesday to Thursday 14:00 às 15:00

F-18 (F-COLINA) 2 8 96.000.000 Wednesday 10:00 às 11:00

F-18 (FLT) 2 8 1.120.000 Monday 10:00 às 11:00
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surfaces, can lead to exposure of radiation in the population (TILL, 2008). Our study considered the following 

radiation exposure pathways: 

 

 Internal irradiation, through the incorporation of radionuclides via inhalation due to immersion into 

the plume; the coefficients used are available in regulatory position CNEN 3.01 / 011: 2011 - Table 

1 - Page 2 - Inhalation. 

 External irradiation due to immersion in the radioactive plume; the coefficients used are available in 

the regulatory position CNEN 3:01 / 011: 2011 - Table 3 - Page 76 - mean Air / Immersion. 

 External irradiation due to deposition of radioactive material in the soil; the coefficients used are 

presented in the regulatory position CNEN 3:01 / 011: 2011 - Table 3 - Pag. 76 - Mean surface soil. 

 

There are not animals or plantations in the neighbourhood of CDTN, so it was not considered internal 

irradiation via swallowed. 

 

 

9. CRITICAL GROUP 

 

The estimate of public individual’s exposure was conducted by estimating the effective dose received by the 

population groups considered critical (Critical Group) taking into account all possible routes of exposure for 

each of them. According to IAEA (1996), the critical group should have the following characteristics: 

 

 To represent the individuals in the population receiving the highest dose; 

 Be homogeneous with regard to age, diet and other aspects of behaviour that may affect the doses 

received; 

 Do not be confused with exposed individuals, should be a normal group of the population rather than 

individuals associated with extreme habits values; 

 The constraint dose established should be evaluated relative to the average dose of the critical group. 

 

In accordance with the IAEA (2001), the critical group dose calculation is a necessary component for the 

development of an authorization to radionuclides discharge into the atmosphere. For the determination of 

Critical Group to the case of the UPPR/CDTN, all results were analysed for each radionuclides of interest in 

this study. It was found that the area affected by atmospheric emissions released from UPPR was inside to a 

circular area with a radius less than 1 km around the emission source. The UFMG campus area covers most of 

this affected area. However, the two classes with higher concentration values were inserted into the area of 

CDTN, next to Gate-2 and the parking building of UPPR. Based on these results and in the fact that the 

watchmen of Gate-2 are the individuals who spend more time in this area, these individuals were defined as 

critical group in this study. 

 

 

  
 

Figure 4: F-18 concentrations in the neighbourhood of UPPR. Source: own. 

Portaria 2

Estacionamento

UPPR (chaminé)
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10. ESTIMATIVE OF EFFECTIVE DOSE RESULTING FROM INHALATION 

 

The estimative of annual effective dose from inhalation of radionuclides (Einh) was calculated by the ratio 

(IAEA, 2001): 

 

                                                                    inhinhAinh DFRCE                                                                       (2) 

 
Being: 
 

 𝐶𝐴 the annual average concentration of radionuclides in the air (Bq/m³). Values obtained from the 

results of numerical simulation with ARTM. 

 𝑅𝑖𝑛h, the annual inhalation rate for adults or children (m
3
/year). For adults it has been considered the 

value of 8,400 m
3
/year and for children, 1400 m

3
/year (IAEA, 2001). 

 𝐷𝐹𝑖𝑛h, the committed effective dose for inhalation coefficient (Sv/Bq). These values were obtained from 

the Regulatory Position 3.1 / 011: 2011 - "Dose Coefficients for Public Exposure" (CNEN, 2011). 

 

Thus, by applying a dimensional analysis, we have: 
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The results of this calculation are shown in Table 2. 

 

 

11. ESTIMATIVE OF EFFECTIVE DOSE BY EXTERNAL IRRADIATION DUE TO IMMERSION 

IN A RADIOACTIVE PLUME 

 

The annual effective dose due to immersion in a radioactive plume was calculated by the ratio (IAEA, 2001): 

 

                                                                     fimAim ODFCE                                                                           (3) 

 

Being: 

 𝐶𝐴, the annual average concentration of radionuclides in the air (Bq/m³). Values were obtained from 

numerical simulation results with the ARTM. 

 𝐷𝐹𝑖m, the effective dose coefficient for immersion in a gamma emitting radioactive plume (Sv/h per 

Bq/m
3
). These values were obtained from the Regulatory Position 3.1/011: 2011 - "Dose Coefficients 

for Public Exposure" (CNEN, 2011), being considered the dose coefficients for adult members of the 

public to geometry of environmental contamination on the immersion in the air. To estimate the dose of 

other age groups, the correction factors used were suggested by the Regulatory Position 3.1/011: 2011, 

which are presented in Table 4. 

 𝑂𝑓, the fraction of a year or occupation (h/year) in which a hypothetical member of the critical group is 

exposed to a particular route of exposure, in case, external exposure due to immersion in a radioactive 

cloud. 

 

The value of Of depends on the particular circumstances of exposure. Considering conservation aspects of 

radioprotection of this work, it was considered that a member of the critical group is exposed to 100% of time 

the plume containing radionuclides. Thus, it was assumed Of  equal to 1, so, occupation of 8760 hours/year in 

accordance with the recommendation of the Safety Reports Series nº19 (IAEA, 2001). The dose of coefficient 

values for each radionuclide of interest were obtained using the model of the semi-infinite plume described in 

Safety Reports Series nº19 IAEA (IAEA, 2001). Applying dimensional analysis, we have: 
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The results of this calculation are shown in Table 3. 

 

 

12. ESTIMATIVE OF EFFECTIVE DOSE BY EXTERNAL IRRADIATION DUE TO DEPOSITION 

ON THE GROUND 

 

The annual effective dose (Egr) resulting from external irradiation by exposure to radionuclides deposited on the 

ground is given by (IAEA, 2001): 
 

                                                                      fgrgrgr ODFCE                                                                       (4) 

 
Being: 

 𝐷𝐹𝑔𝑟, the effective dose coefficients for external irradiation resulting from the deposition of 

radionuclides on the ground (Sv/h per Bq/m²). These values were obtained from the Regulatory Position 

3.01/011: 2011 - "Dose Coefficients for Public Exposure" (CNEN, 2011), being considered the dose 

coefficients for adult members of the public to geometry of environmental contamination on the 

deposition of radionuclides in surface soil. In this case, they were also applied correction factors 

suggested by Regulatory Position 1.3/011: 2011. 

 Cgr, the dry deposition density of the radionuclide on the ground (Bq/m²). These values were obtained 

from the results of ARTM. 

 𝑂𝑓, the fraction of a year or occupation (h/year) in which a hypothetical member of the critical group is 

exposed to a particular route of exposure, in case, external exposure due to deposition in the soil. 

 

Thus, applying a dimensional analysis, we have: 
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Since again, considering that the value shown by the model is an average, O𝑓 was assumed equal to 1, so, an 

occupation of 8760 hours (24x365) hours/year. 

 

 

13. RESULTS 

 

The information used in the calculation of the effective dose for inhalation and the results are shown in Table 2. 

The effective dose for inhalation coefficient (𝐷𝐹𝑖𝑛h) related to C-13 radionuclide was not available in the 

investigated tables, thus it was been considered equal to zero. Some tests were performed considering the 

coefficients to C-13 equal to that to F-18 and C-11, but in both cases there was no significant change in the final 

dose. For this via, inhalation, the main contributor was the radionuclide C-11. The F-18 showed no contribution 

in the absence of significant concentration. 

 

Table 3 lists the main information used to calculate the dose by external irradiation due to immersion in the 

plume of radionuclides and the results. For this via, due to no significant concentration of F-18, it showed no 

contributions. Again, the C-11 was the radionuclide with the highest contribution. 

 

Table 4 lists the main information used to calculate the effective dose by external irradiation due to the route of 

exposure related to dry deposition on the surface (soil). In this way, all radionuclides contributed significantly. 

However, in this case the F-18 was the main contributor, an order of magnitude above the C-11's contribution 

and two orders above the N-13's contribution. 
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Finally, Table 5 shows the final results of total effective dose for each age group due to all routes of exposure. 

 

 

Table 2 - Worksheet to evaluate the effective dose by inhalation.  

 

 
Source: Own. 

 

  

< 2 years 

old

2 a 7 

years old

7 a 12 

years old

12 a 17 

years old

>17 years 

old

Annual rate of 

breathing (m3/ano) 
1.400 8.400 8.400 8.400 8.400

Effective dose 

coefficient for 

incorporation via 

inhalation

(Sv/Bq) 

4,20E-10 1,50E-10 1,00E-10 7,30E-11 5,90E-11

Annual average 

concentration in 

air (Bq/m3)

0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Annual dose

(Sv/ano)
0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Effective dose 

coefficient for 

incorporation via 

inhalation

(Sv/Bq) 

0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Annual average 

concentration in 

air (Bq/m3)

4,78E-02 4,78E-02 4,78E-02 4,78E-02 4,78E-02

Annual dose

(Sv/ano)
0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Effective dose 

coefficient for 

incorporation via 

inhalation

(Sv/Bq) 

1,60E-10 5,10E-11 3,30E-11 2,20E-11 1,80E-11

Annual average 

concentration in 

air (Bq/m3)

1,78E+00 1,78E+00 1,78E+00 1,78E+00 1,78E+00

Annual dose

(Sv/ano)
3,98E-07 7,61E-07 4,93E-07 3,28E-07 2,69E-07

Annual dose by 

immersion 

(Sv/ano)

3,98E-07 7,61E-07 4,93E-07 3,28E-07 2,69E-07

Annual dose by 

immersion 

(mSv/ano)

3,98E-04 7,61E-04 4,93E-04 3,28E-04 2,69E-04

SUM OF ANNUAL DOSE INHALATION OF RADIONUCLIDES 

DOSE CALCULATION FOR INHALATION

General Data

Age Group

F-18

N-13

C-11
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Table 3 - Worksheet to evaluate the effective dose by external irradiation (immersion) 

 

 
 

Source: Own. 

 

 

  

< 2 years old
2 a 7 years 

old
7 a 12 years old

12 a 17 years 

old
>17 years old

Occupation factor 

(h/ano) 
8.760 8.760 8.760 8.760 8.760

Correction factor 

of dose coefficient 

for age

1,5 1,4 1,2 1,2 1

 Dose coefficient 

for immersion in 

air

(Sv/h por Bq/m3) 

2,46E-10 2,30E-10 1,97E-10 1,97E-10 1,64E-10

Annual average 

concentration in 

air (Bq/m3)

0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Annual dose

(Sv/ano)
0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

 Dose coefficient 

for immersion in 

air

(Sv/h por Bq/m3) 

4,99E-10 3,33E-10 2,38E-10 1,98E-10 1,65E-10

Annual average 

concentration in 

air (Bq/m3)

4,78E-02 4,78E-02 4,78E-02 4,78E-02 4,78E-02

Annual dose

(Sv/ano)
2,09E-07 1,39E-07 9,96E-08 8,30E-08 6,91E-08

Dose coefficient 

for immersion in 

air

(Sv/h por Bq/m3) 

2,46E-10 2,30E-10 1,97E-10 1,97E-10 1,64E-10

Annual average 

concentration in 

air (Bq/m3)

1,78E+00 1,78E+00 1,78E+00 1,78E+00 1,78E+00

Annual dose

(Sv/ano)
5,74E-06 5,00E-06 3,68E-06 3,68E-06 2,55E-06

Annual dose by 

immersion 

(Sv/ano)

5,95E-06 5,14E-06 3,78E-06 3,76E-06 2,62E-06

Annual dose by 

immersion 

(mSv/ano)

5,95E-03 5,14E-03 3,78E-03 3,76E-03 2,62E-03

EFFECTIVE DOSE ANNUAL RESULTING FROM IMMERSION IN THE AIR (EXTERNAL 

DOSE CALCULATION BY  IMMERSION IN THE AIR (EXTERNAL RADIATION)

General Data

Age Group

F-18

N-13

C-11
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Table 4 - Worksheet to evaluate the effective dose by external irradiation (deposition) 

 

 
 

Source: Own. 

  

< 2 years old
2 a 7 years 

old
7 a 12 years old

12 a 17 years 

old
>17 years old

Occupation factor 

(h/ano) 
8.760 8.760 8.760 8.760 8.760

Correction factor 

of dose coefficient 

for age

1,5 1,3 1,1 1 1

Effective dose 

coefficient for dry 

deposition

(Sv/h por Bq/m2) 

0,00E+00 0,00E+00 0,00E+00 0,00E+00 3,54E-12

Annual average 

concentration in 

soil

(Bq/m2)

2,07E+03 2,07E+03 2,07E+03 2,07E+03 2,07E+03

Annual dose

(Sv/ano)
0,00E+00 0,00E+00 0,00E+00 0,00E+00 6,41E-05

Effective dose 

coefficient for dry 

deposition

(Sv/h por Bq/m2) 

7,96E-12 5,31E-12 4,08E-12 3,71E-12 3,71E-12

Annual average 

concentration in 

soil

(Bq/m2)

3,08E+00 3,08E+00 3,08E+00 3,08E+00 3,08E+00

Annual dose

(Sv/ano)
3,22E-07 1,86E-07 1,21E-07 1,00E-07 1,00E-07

Effective dose 

coefficient for dry 

deposition

(Sv/h por Bq/m2) 

5,46E-12 4,73E-12 4,00E-12 3,64E-12 3,64E-12

Annual average 

concentration in 

soil

(Bq/m2)

1,20E+02 1,20E+02 1,20E+02 1,20E+02 1,20E+02

Annual dose

(Sv/ano)
8,63E-06 6,48E-06 4,64E-06 3,84E-06 3,84E-06

Annual dose by 

immersion 

(Sv/ano)

8,95E-06 6,67E-06 4,76E-06 3,94E-06 6,80E-05

Annual dose by 

immersion 

(mSv/ano)

8,95E-03 6,67E-03 4,76E-03 3,94E-03 6,80E-02

C-11

EFFECTIVE DOSE ANNUAL DUE TO EXTERNAL EXHIBITION RESULTING OF RADIONUCLIDES DUMPING ON LAND

DOSE CALCULATION OF TOTAL FOR DRY GROUND DEPOSITION (EXTERNAL RADIATION -GAMMA CLOUD RADIATION - 1 MEV)

General Data

Age Group

F-18

N-13
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TABLE 5 - INTEGRATION OF DOSES DUE TO ALL ROUTES OF EXPOSURE CONSIDERED 

 

  
 

Source: Own. 

 

 

 

14. CONCLUSION 

 

Considering that the critical group identified in the case of UPPR can be considered as composed only of 

individuals older than 17 years located within the CDTN, it was estimated by this study that the total effective 

dose for public individuals and IOEs will not be higher to 0.068 mSv per year. This maximum limit is well 

below to be adopted for optimization of radiation protection, which is 0.3 mSv/year for the restriction of the 

average annual effective dose to individuals of the critical group, referring to the release of atmospheric 

effluents (standard CNEN NN 3:01 ). It is important emphasize that several conservative situations were 

considered during this study, so a lower result to real effective dose may be obtained if real data were available. 
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