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ABSTRACT 

 
In the year of 2009, a pilot plant for uranium extraction from a phosphate mine to be installed at Santa Quitéria 

city, Ceará state, Brazil was carried out at the Ore Treatment Unit (OTU). During the operation of the pilot 

plant, the monitoring of external exposure in the area used by the pilot plant was conducted. 157 measurements 

were taken saving the data of the exposure rate and converting them to external dose. The background (BG) of 

the area was measured before the beginning of the operation and was estimated as 0.340 µSv h
-1

; only two 

measurements, out of the 157, were below the BG. The dose rates varied from 0.304 µSv h
-1

 to 0.814 µSv h
-1

, 

with an average equal to 0.544 µSv h
-1

. When the results were compared to the derived limit for member of the 

public, which is equal to 0.5 µSv h
-1

, approximately 38 % of the results were below this limit. Approximately 50 

% of the results were below 0.554 µSv h
-1

 and approximately 95 % of the results were below 0.754 µSv h
-1

. By 

this criterion only, the area must be considered as a supervised area. In order to classify the area in definitive, 

the internal exposure must also be evaluated. In this installation significant internal doses are not to be expected, 

considering that most part of the process is conducted by a wet route, without dust or aerosol generation, that 

when inhaled should create internal doses.  

 

 

1. INTRODUCTION 

 

In process of commissioning, the Santa Quitéria Unit (USQ) is a plant for industrial mining 

and beneficiation of phosphate with uranium as a by-product, situated in the State of Ceara, 

NE of Brazil. This unit is divided into two areas: the phosphate mining and production 

(conventional mining facility, CMF-USQ), and the production of uranium diuranate (nuclear 

facility, NF-USQ), that must obey the Brazilian legislation for nuclear installation (NF) [1-3].  

 

This way of classifying the plant is new in Brazil, since until then facilities have always been 

classified in a unique way: as conventional or as nuclear installations. The form of 

classification adopted in this case creates a situation where there is a need for a double 

licensing: one is based on the standards for radioactive installation [1-3] that includes, among 

others, the nuclear and conventional parts for the NF-USQ which is under the responsibility 

of the Comissão Nacional de Energia Nuclear (CNEN), Instituto Brasileiro de Meio 
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Ambiente e de Recursos Naturais Renováveis (IBAMA) and Superintendência de Meio 

Ambiente do Ceará (SEMACE), the other is a conventional licensing for the CMF-USQ part, 

under the responsibility of the federal and the state environmental agencies IBAMA and 

SEMACE. 

 

Regarding the licensing of the radioactive facility, one of the concerns is the existence of a 

radioprotection service. This one is disciplined by CNEN norm NN-3.01 and resolution 

N.146/13 (norm CNE-NN-7.01) among others [3-4].  

 

In order to analyze the production process of uranium diuranate in the Ore Treatment Unit, a 

pilot plant production process was started up looking for process parameters and their 

optimization. In addition, to support the safe production of uranium diuranate in the pilot 

plant, the Radiation Protection Service developed a program for monitoring the external dose 

rate. This program also allowed the radioprotection service to obtain parameters to be used in 

the radiological protection program of the NF-USQ. 

 

This program also served to Radioprotection Service: it raises parameters to be used in the 

radiological protection program of NF-USQ. 

 

This paper aims to describe the results of dose of rate measurements in the pilot plant 

operated in 2009 at the Ore Treatment Unit (OTU). 

 

 

2. METHODOLOGY 

 

The values for the dose rates of external monitoring functions were obtained by monitoring 

the rate of exposure in mrem h
-1

, with Geiger-Müller’s monitors. 157 measurements were 

obtained at several points of the plant, and collected data were converted into mSv h
-1

 using a 

conversion factor of 10
-2

 between mrem h
-1

 and mSv h
-1

. 

 

Monitored points were chosen through a preliminary risk’s analysis and defined in the areas 

with higher rates of exposure among sites that were evaluated in the report of risk analysis. 

The values described are the net values, without the values of Background, monitored before 

all measures, outside of the pilot plant. 

 

 

3. RESULTS 

 

The values of the descriptive statistics of the monitoring are shown in Table 1. The calculated 

average of 0.544 µSv h
-1

, was somewhat higher than the dose limit for individuals from the 

public fixed at 0.5 µSv h
-1

. The maximum value (0.814 µSv h
-1

) was 68% higher than this 

limit.  

 

Table 1 - Descriptive statistics of the measures of dose rates in the  

pilot plant operated at UTM in 2009. 
 

Average 
Standard 

Deviation 
Kurtosis Asymmetry interval Minimum Maximum N 

0.544 

µSv h
-1

 

0.110 

µSv h
-1

 
-0.608 0.139 

0.510 

µSv h
-1

 

0.304 

µSv h
-1

 

0.814 

µSv h
-1

 
157 
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Analyzing the distribution of the frequencies of dose rates, it can be noted that 39%, 

corresponding to 61 samples, were in the range up to 0.504, µSv h
-1

 which is
 
more or less in 

the limit for the public. Considering values up to 0.554 µSv h
-1

,
 
the frequency increases to 

52% of the measured samples, with 21 additional samples, for a total of 82 measurements. 

Only 5% of the samples were higher than 0.754, µSv h
-1

, corresponding to 8 measurements. 

Finally, 71% of the samples were above the limit for the public. The distribution of 

frequencies appears in Table 2 and can be seen in the histogram of Figure 1; the raw data can 

be viewed in Figure 2, together with the average and the individual limit for the public. 

 

 

Table 2 - Distribution of the sampling’s frequency of dose rate at the pilot plant 

performed in 2009 at UTM. 

 

Class of frequency Frequency % relative % cumulative 

0,354 3 1.91% 1,91% 

0,404 13 8.28% 10,19% 

0,454 24 15.29% 25,48% 

0,504 21 13.38% 38,85% 

0,554 21 13.38% 52,23% 

0,604 21 13.38% 65,61% 

0,654 32 20.38% 85,99% 

0,704 14 8,92% 94,90% 

0,754 1 0.64% 95,54% 

0,804 6 3.82% 99,36% 

0,854 1 0.64% 100,00% 

Higher 0 0% 100,00% 

 

 
 

Figure 1 - Histogram of the frequency’s distribution of the sampling rate in the pilot 

plant doses in UTM in 2009. 

 

 



 

INAC 2013, Recife, PE, Brazil. 

 

 
 

Figure 2 - Results of the sampling’s rate of external dose in the pilot plant, and their 

average and the value for individual of public. 

 

 

4. CONCLUSION 

 

The values of the external dose rate of the extraction pilot plant, re-extraction, and drying of 

ammonium diuranate are as follows: 39% of the values were below the limit for the public 

(IP) and 61% were higher than that limit; none of those samples was above the limit for 

Individual Occupationally Exposed (IOE). The maximum dose rate analyzed (value 

multiplied by 2.000 hours per year) was 1.63 mSv y
-1

 below the limit investigated of 6  

mSv y
-1

 [5]. In this case was not necessary to appraise the process aiming to optimize the 

practice. 

 

The operation was executed safely from the point of view of radiation protection, and 

monitoring tests pointed the area as a supervised local noting, however, that further sampling 

must be fulfilled to prove this classification. As the area operates liquid and solid uranium 

(powder form) are liberated and there is the possibility of contamination of people and 

objects from dispersion of material to the environment. Hence, control of the area must be 

considered [5]. 
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