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ABSTRACT 

 
Mining that has natural radionuclides associated with the ore is known as NORM mining. The Santa Quitéria 

Unit (USQ) is included in this category. It is a NORM phosphate mine that belongs to the Nuclear Industries of 

Brazil. This unit is divided into two areas: the phosphate mining and production (conventional mining facility, 

CMF-USQ) and a production of uranium diuranate (nuclear facility, NF-USQ). The NF-USQ must follow the 

Brazilian legislation for nuclear installation (NF). This legislation is under the responsibility of the Nuclear 

Energy National Commission - CNEN, the nuclear regulatory agency in Brazil. Brazilian law on NF requires the 

facility to have a system of radioprotection and also requires the existence of a radiation protection service 

(RPS), composed of trained professionals and coordinated by a radioprotection supervisor (RS), accredited by 

CNEN, which manages the implementation of the occupational radiation protection program (ORPP). This work 

reports on the design of the ORPP for the NF-USQ associated with CMF-USQ, and on the minimum 

requirements for a RPS and the kinds of monitoring to be carried out. It also aims to classify the areas as for 

radioprotection aspects, and to indicate the number and qualifications of the radioprotection staff. Moreover, the 

work also informs the equipment necessary to the operation of the RPS and other relevant parameters. Finally, it 

explains the models used in estimating doses for occupationally exposed individuals (OEI) and for individuals 

of the public (IP), and also the derived limits proposed by the operator for the NFUSQ. The NF-USQ will have 

51 OEI, of which 11 belonging to the RS, one being the RPS accredited by CNEN. The NF will be composed of 

12 areas, 10 being free areas, one will be supervised and one will be a controlled area. Individual and area 

monitoring will be carried out. The derived limits proposed by the operator are shown in table 1. These derived 

limits are calculated based on the limit of 20 mSv y
-1

, 2,000 hours of work per year, and a breathing volume of 

2,400 m
3
 y

-1
. The radionuclide in question was U-nat (composed of 48.9% of 

238
U, 48.9% of 

234
U and 2.2% of 

235
U), type F. The maximum estimated dose in operation for the OEI was 3.5 mSv y

-1
, and for the individual the 

public 0.15 mSv y
-1

. Admission, periodic, special and demission examinations are indicated as medical 

supervision. Aiming optimization, a training program will be implemented at USQ. The OEI of the USQ will be 

trained before starting its activities with radioactive materials, annually as a routine, and whenever there are 

changes to the ORPP, to the operation of equipment or procedures in general, as work is in progress. People 

contracted for temporary services will receive an introductory training to radioprotection. Their services will be 

continuously monitored by technicians of Radiological Protection. The administrative support workers will 

receive only basic instructions. 
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1. INTRODUCTION 

 

The Santa Quitéria Unit (USQ) is a plant of industrial mining and beneficiation of phosphate 

with uranium as a by-product. It is now in process of commissioning. This unit is classifieded 

into two distinct areas: the mining and phosphate production (conventional mining facility, 

CMF-USQ) and a production of uranium diuranate (nuclear facility, NF-USQ), that must 

follow the Brazilian legislation for nuclear installation (NF) [1-3]. This way of classifying the 

facility is original in Brazil. Indeed, facilities were previously classified in a unique way as 

conventional or as nuclear installations. The form of classification adopted here creates a 

situation where there is a need for dual licensing. One is based on the standards for 

radioactivity installation [1-3] that includes the nuclear and conventional parts for the NF-

USQ and which is under the responsibility of the Instituto Brasileiro de Meio Ambiente e de 

Recursos Naturais Renováveis (IBAMA) and the Superintendência de Meio Ambiente do 

Ceará (SEMACE). The other is a conventional licensing for the CMF-USQ part, near 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 service is disciplined by CNEN norms [3, 4] among others. 

 

The present work aims: a. to describe the service of radioprotection; b. to establish 

radioprotection measures in order to control exposures of occupationally exposed individuals 

(OEI) and of individuals of the public (IP) to radiation and to radioactive contamination, 

during the production and handling of radioactive material, and the maintenance of 

contaminated equipment and areas of NF-USQ. Furthermore, it aims stipulate the types of 

monitoring to be performed and to estimate the resources (equipment, personnel and 

procedures) required for maintenance of good radioprotection practices. 

 

2. THE PROGRAM FOR OCCUPATIONAL RADIOLOGICAL PROTECTION 

(PORP) 

 

2.1. Description of the NF-USQ 

 

The uranium production unit of Santa Quitéria is located between the Serra do Céu (north), 

Serra da Mata Fome (east), Serra de São Gonçalo (south) and Serra do Trapiá (west), in the 

municipality of Santa Quitéria, CE. The phosphorus uranium deposit of Itataia has mining 

reserves of about 9 million tons of P2O5 and 79.5 thousand tons of U3O8. The nominal 

production of NF-USQ is planned for 800 t year-DUA [5]. 

 

The climate in the region of Itataia is qualified as “Bsh”, that is semi-arid with a rainy season 

from January to May and sporadic rainfalls in June and July. The average annual rainfall 

ranges between 550 and 960 mm.  

 

Ecologically the area is characterized as tropical steppe (Caatinga in Portuguese and savanna 

in English) with tropical forest and human areas. The presence of the tropical steppe is noted 

both in the dry areas of the “Depressão Sertaneja”, as the region of the Planaltos Residuais 

[5]. In the hills where topography does not allow agricultural purposes, the most frequent 

vegetal species are: aroeira, pau d'arco roxo, angico, maniçoba, catingueira, sabiá, mororó 

and the cactus mandacaru [5]. 
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2.2. Responsabilities at NF-USQ 

 

The venture is under the responsibility of the Manager of Engineering, Geology and 

Development Project - GEGEO.M considered as holder of the installation. 

 

The Radioprotection Supervisor (Radiation Protection Officer) (RPS) is a high level 

technician responsible for advising the holder on radioprotection issues, and for the 

organization and operation supervision of the radioprotection service (RS). He is responsible 

also for enforcing all the established radioprotection procedures. 

 

The OEI, in turn, have the responsibility to comply with and enforce all the established 

radioprotection procedures, and to report any change that is likely to result in increased 

exposure to any of the OEI. 

 

2.3. Radioprotection Service Staff 

 

The staff of the Radioprotection Service (RS) will consist of:  

 

1) the RPS, duly accredited to the National Commission of Nuclear Energy (CNEN) as 

radioprotection supervisor in the mining and in the chemical and physical processing 

of uranium ore and/or thorium;  

2) a high level technician, with the same accreditation to act as deputy supervisor;  

3) a technician with high level knowledge of radioprotection;  

4) five mid-level technicians (trained as technicians in radioprotection), and  

5) five assistants (trained as auxiliary of radioprotection). 

 

This composition was judged as sufficient, considering the CNEN requirements [3]. 

 

2.4. Function, Classification and Description of the Facility Areas 

 

To achieve an efficient radioprotection there is a need for classification of areas as to 

potential radiological hazards, thus allowing controlling the access of people to areas 

considered most critical. This procedure is defined in CNEN [3]. The areas are classified as 

follows [3]: 

 

 Controlled Area: area subject to special rules of protection and security with the aim 

of controlling normal exposures, prevent the spread of radioactive contamination and 

prevent or limit the extent of potential exposures; 

 Supervised Area: area to which the conditions of occupational exposure are kept 

under supervision, even if protection measures and specific security is not usually 

necessary. 

 Free area: any area that is not classified as a controlled area or supervised area. 

 

These definitions give the general characteristics needed for classification. Thus, the areas 

were classified as defined above [3], based on the quantity of material handled, on the 

estimated dose to OEI and on the potential for spread of contamination, and also on data from 

a similar unit (Uranium Concentration Unit - URA, located at Caetité) reported by Pereira et 

al. [6]. The classification of areas is given in Table 1. 
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Table 1. Classification of the areas of the Santa Quitéria Unit. 

 

Name of the area  Classification 

Cabin Free area 

Balance Free area 

Central cloakroom Free area 

Warehouse Free area 

Administration Free area 

Amphitheatre Free area 

Dining room Free area 

Ambulatory Free area 

Parking and maintenance Free area 

Ammonium sulfate production unit Free area 

Laboratory Supervised area 

DUA production and storage unit Controled area 

 

 

2.5. Individual Monitoring 

 

Measures of external exposure of OEI will be made with Termoluminescent Dosimeters 

(TLD), substituted monthly. 

 

Visitors will be monitored with dosimetric pen or electronic dosimeters that allow immediate 

reading. 

 

Following the RPS criterion, the OEI will use, in addition to the dosimetric pen, an electronic 

dosimeter. 

 

Aiming systematization of the use of such dosimeters, an operational instruction has been 

elaborated [7]. Thus, in places where aerosol formation or dust liberation occurs, the OEI will 

use a lapel sampler with cyclone for the separation of particles in the range of breathable. For 

such, there is an operational instruction described by [8]. 

 

2.6. Monitoring Areas 

 

Monitoring workplaces will be used to confirm that working conditions are satisfactory. The 

following methods of measure will be used: determination of rates and external exposure, 

with portable monitors of the GEIGER-MÜLLER type, systematized by [9]; measures of 

contamination of feet, hands and clothes, at the exit of industrial areas, systematized by [10] 

and [11]; measures of high flow constant in time (continuous flow) with alarm, use 

systematized by [12]. 

 

2.7. Function, Qualification and Day Work of the OEI. 

 

The operation will be carried out continuously, with rotation of turn with five teams, 365 

days a year. The working journey will be 8 hours a day. The RPS will work, 5 days a week. 

The role and qualification of the OEI’s are given in Table 2. 
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Table 2. Function, qualification and number of OEI at USQ. 

 

Function Qualification number 

Turn head Medium level 5 

Area Operator  Basic level 20 

Radiologic protection Supervisor 
High level, 

accredited by CNEN 
1 

Supervisor substitute 
High level, 

accredited by CNEN 
1 

High level radioprotection technician 
High level, 

Competent to execute its specific activities 
1 

Radiologic protection technician 
Medium level 

Radioprotection Course 
5 

Radiologic protection auxiliary 
Basic level, 

Competent to execute its specific activities 
5 

Laboratory Supervisor  
Medium level, 

Technician in chemistry 
5 

Laboratory Technician  
Medium level, 

Technician in chemistry 
5 

Laboratory Auxiliary 
Basic level, 

Competent to execute its specific activities 
5 

 

2.8. Yearly Dose Estimation of the OEI. 

 

The estimated dose of the plant is based on installations similar in terms of production 

process and quantity of material produced. In Brazil there is a similar installation, the unit of 

uranium concentrate (URA), in Caetité, Bahia, where there are areas similar to those 

proposed for NF-USQ. URA works with a production of 400 tons.y
-1

, half of the proposed 

amount for NF-USQ. The doses estimated for the URA, following Pereira and colleagues [6], 

reached the maximum value of 3.5 mSv in 2003. Assuming a 1:1 linear relationship between 

production and dose at which the OEI is submitted, we can preliminarily assume the value of 

7 mSv as maximum dose in the NF-USQ. This value is above the investigation derived limit 

(IDL), fixed as 6 mSv for this facility. This implies a process of planning the activities, to 

achieve, in a first stage, values lower than the IDL dose, together with an intensive training in 

safety and radioprotection, combined with safety and operating instructions that have the 

purpose to reduce the exposure of workers. 

 

2.9. Annual Dose Estimates for Individuals of the Public 

 

Dose estimates of individual of the public (IP) are determined as described for the dose 

estimates of the OEI's. Following Py Jr et al. [13], the maximum value of effective dose to 

the public, at URA in 2004, was 0.15 mSv y
-1

. Thus, one can assume the preliminary value of 

0.30 mSv y
-1

 as the estimated dose for the IP. This statement should be viewed with caution 

because ecological, geographical, population and habit differences can change dramatically 

the values of the dose at which the IP is exposed. A deep study should be performed of the 

use of land and water, habits of consumption, rate of production of agricultural products, 

among other parameters. Associated with these surveys, a model of dispersion of 

radionuclides in the environment and their radioecologic behavior in these ecosystems, both 
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the natural and the cultivated ones, associated with a dosimetric model should be conducted 

in order to achieve a more realistic estimate of dose to the NF-USQ. 

 

2.10. Medical Supervision 

 

The medical supervision consists of the following medical examinations:  

 

 At the admission - to verify that the OEI has physical and mental health to begin its 

occupation; 

 Regularly - annually to determine and identify pathological manifestations caused or 

not by the nature of its work; 

 Particular - when the employee receives a dose greater than the primary limit of 20 

mSv y
-1

, or when the doctor or the RPS deem necessary, and; 

 Demissional - to be held after the employment occupation or prior to the approval of 

the employment contract. 

 

The “Plano de controle médico e saúde ocupacional (PCMSO)” describes the medical 

procedures in an emergency. 

 

2.11. Operational Levels 

 

The doses of OEI's are measured indirectly. Knowing the values of the radiation fields, 

environment contamination and their use, it is possible, using dosimetric models to estimate 

operational limits (OL), which must be obeyed, to protect the OEI's. For NF-USQ, OL were 

established considering rates of gamma radiation, termoluminescent dosimeter and 

concentration in air derived for DUA. The consideration for the calculation of the OL were: 

 

 limit of 20 mSv y
-1

, 2,000 hours of work per year 

 Volume of breathing of 2,400 m
3 

y
-1

 

 Radionuclide: U-nat (composition of 48.9% of 
238

U, 48.9% of 
234

U and 2.2% of 
235

U) 

 Solubility of the compound U-nat: type F. 

 The operational limits are expressed in Table 3. 

 

Table 3. Operational limits to be implemented at NF-USQ. 

 

Operational Limits for Value 

Gama radiation rate 3.34 µSv h
-1

 

Termoluminescent dosimeter 0.53 mSv moth
-1

 

Derived air concentration 16 Bq m
-3

 

 

2.12. Training 

 

The OEI's at INB - Santa Quitéria will be trained before the start of their activities with 

radioactive materials, annually as a routine, and at any time there will be changes to the 

PORP, changes to the operation of the equipment or of general procedures, following work in 

progress. 
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The number of hours, menu and schedule of training will be conducted as in [14]. The 

employees for provision of temporary services will receive an introductory training to 

radioprotection. 

 

The services will be implemented continuously monitored by a technician of the Radiological 

Protection. The administrative support workers will receive only basic instructions. 

 

2.13. Signaling 

 

Signaling cards will be placed at the doors of access to each unit. Each card will contain an 

indication of the classification of the area, the levels of monitored dose rate and the indication 

of mandatory use of individual monitors. 

 

3. CONCLUSIONS 

 

The Brazilian legislation for the operation of units of mining and beneficiation of minerals 

associated with uranium and thorium [15] is new and has not been used in practice. This 

work is a proposal to adapt this norm to nuclear and environmental laws used in Brazil. The 

use of a nuclear installation (URA) as a parameter for comparison was proposed as a way to 

estimate the possible doses to which the OEIs and PIs are exposed. The definition of a 

radioprotection system is a proposal to systematize the radioprotection of the nuclear facility, 

NF-USQ as a way to protect OEI’s and IPs from the possible deleterious effects of radiation. 

Estimates of doses based on nuclear plant (URA), show a safe operation of the nuclear 

facility, NF-USQ within Brazilian radioprotection norms defined by CNEN [3, 15]. One 

should note that this legislation is only part of the licensing system. To complement the 

licensing, environmental, federal and state norms must be obeyed. 

 

Finally the operation of the nuclear facility (NF-USQ) can be performed safely, since the 

estimated doses (7 mSv y
-1

for the OEI and 0.30 mSv y
-1

 for the IP) are below the limit values 

prescribed by norm (20 mSv y
-1 

to the OEI and 1 mSv y
-1

 for IP) in the Brazilian legislation 

for radioprotection [3]. An optimization system will be implemented to reduce the dose to the 

maximum extent possible, according to the ALARA guideline [3], [16-18]. 
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