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Synopsis 
 
 
The presence of TENORM in the oil industry occurs either as scales, which accumulate in the inner 
part of the pipelines that carry oil or water produced during the extraction process, or as sludge 
which accumulates in the bottom of tanks, separators or any other kind of equipment where this 
material can be trapped in. The main pathways by which the radionuclides can affect the employees 
are internal radiocontamination and external exposure to the highly penetrating radiation. Internal 
contamination occurs mainly during equipment cleaning and decontamination activities. The 
objective of this work was to measure the external exposure and evaluate the equivalent dose which 
the workers at the oil industries are submitted to. Exposure rates were measured at different 
locations in two different PETROBRAS oil extraction and production units in the State of Sergipe – 
Brazil. Measurements were made around pipelines and equipment by using a portable survey meter. 
A maximum value of 700 1−hSvµ at a five centimeter distance from a storage drum was measured. 
The very high values for the equivalent doses measured at the oil extraction and processing units 
indicate the necessity of establishing specific rules for the correct handling of the material. It is also 
necessary to signalize these areas of high radioactivity and make sure that the exposure time will be 
kept at a minimum. 
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Introduction 
 
 
Radionuclides originated from the decay chains of 238U and 232Th are widely spread in soil and 
rocks of the earth’s crust, and can cause either internal or external exposure to the population. There 
are several types of activities in which materials containing natural radionuclides are recovered, 
processed or accumulated in certain ways that result in exposure to radiation. This human 
intervention can lead to enhanced exposures to workers and to individuals of the public [1; 2].  
 
 
The petroleum production industry is an example of a workplace where production activities can 
result in the accumulation of naturally occurring radioactive materials (NORM) at elevated 
concentrations in by-product wastes such scale and sludge [3].The objective of this study was to 
determine the exposure which the workers of an oil extraction and production plant are submitted to 
in order to provide data for assessing the radiological risk derived from that activity. 

 
 
Material and Methods 
 
 
As a first step in this research work a survey of the area under investigation was carried through. 
Technical visits to the oil extraction and production (E & P) units were done with the purpose of 
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knowing the stages involved in the process of oil extraction and identifying which operations are 
potentially responsible for the generation of radioactive wastes.  

 
 

During the above mentioned visits radiometric surveys were made, covering the areas of extraction 
and production of oil. Radiation exposure levels were measured using a portable survey meter. 
Based on the results it was possible to identify the critical points of accumulation of radioactive 
materials in the area under investigation.   

 
 

The area chosen for the study belongs to the UN-SEAL (a business-oriented unit of oil exploration 
and production from PETROBRAS in the States of Sergipe and Alagoas, Brazil).  This unit, with 
headquarters in the city of Carmópolis, state of Sergipe, is responsible for the extraction and 
production of oil in those States. In accordance with Alves [4] the UN-SEAL has the fourth oil 
reserve of Brazil with an average production of about 42,000 barrels per day of oil and twenty 
million cubic meters per day of natural gas [5]. 

   
 

The study was concentrated in oil collecting stations pertaining to ATP-ST (the branch of UN-
SEAL responsible for the onshore oil production), which encloses the oil production fields of 
Carmópolis, Siririzinho and Riachuelo.  Currently, about 500 cubic meters per month of sludge are 
produced at the ATP-ST and most of this material is accumulated in the area of treatment and final 
destination of residues of the UN-SEAL situated at Jericó, municipality of Japaratuba, 54 km away 
from Aracaju, capital of the State of Sergipe [4]. A small fraction of these residues (the one 
presenting significant exposure levels) is stored in 200L drums  

 
   

The oil is extracted from the deep layers of the earth crust together with water, gas, and sediments 
which contain radionuclides of the uranium and thorium series. The oil mixture coming from wells 
is directed to gathering lines (Figure 1), which drive the oil to collecting stations. Each collecting 
station receives the oil coming from multiple gathering lines which join in a manifold at the 
entrance of the collecting station (Figure 2), where the oil production begins.   

 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 1 Gathering line 918 at the Jordão region  
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Figure 2 Manifold at Jordão Oil Collecting Station  

  
 

Upon arriving at the oil collecting station the oil mixture is initially pumped to a separation tank, 
where gas, oil and water are separated by gravity.  After the separation process the oil is stored in 
tanks before being pumped to the refineries where it will be processed.  The gas separated from the 
mixture is pumped to another station where it will be processed. The produced water follows to 
another separating tank where any residual oil and gas will be removed. Afterwards the water 
follows to a treatment plant before being reinjected into the wells.  

 
 

Measurements of the radiation levels were done by using an ionization chamber detector (model 
451-P, INOVISIONTM).  Exposure rates were measured at about 5 cm distance from the surface of 
pipes and tanks at several places of the of PETROBRAS units visited. Samples were removed from 
these points, whenever possible, for further analysis. Measurements were also performed in the 
waste storage facility next to the SZ-II Collecting Station, in the region of Siririzinho.   
 
 
Results and Discussion  
 
 
The levels of radiation were measured in selected oil collecting stations and gathering lines from the 
production fields of Carmópolis and Siririzinho. The locations chosen were two gathering lines that 
feed the Jordão Collecting Station, the Jordão Collecting Station itself, besides the Collecting 
Station SZ-II. 
   
 
Table 1 presents the results of the measurements made at two gathering lines (918 and 582) in the 
region next to the Jordão Collecting Station.  The oil coming from different wells enters the 
gathering line 918 and follows to gathering line 582 and then to the Jordão Collecting Station, 
where it is processed.  
 
 
As can be seen in Table 1, the measured equivalent dose rates were very high, mainly when 
compared with the results of Matta (2001), that investigated the levels of exposure at an offshore 



                                                                                                                                           RADIO 093 
 
platform in the Campos Basin, State of Rio de Janeiro.  Matta (2001) found a maximum value for 
the equivalent dose rate of 8 µSv h-1, measured at the surface of a discharge pipeline in that offshore 
platform.   
Table 1 Equivalent dose rates measured at different points of gathering lines 918 and 582 situated in 
the area of Jordão 
 

Measurement 
# 

         Equivalent Dose Rate 
       1−hSvµ  

 

1 250.0  
2 120.0  
3 80.0  
4 65.0  
5 100.0  
6 33.0  
7 14.0  
8 3.3  
9 2.3  

10 2.7  
11 2.2  
12 2.7  
13 7.2  
14 2.3  
15 4.5  
16 80.0  
17 300.0  
18 150.0  
19 100.0  

 
 
The equivalent dose rates measured along gathering lines 918 and 582 varied between 2.2 and 300 

1−hSvµ .  The maximum value was measured next to the line coming from an oil extraction well 
that had been abandoned.  Another line that was out of service presented equivalent dose rates of 
100 1−hSvµ  (measurement number 5 in Table 3), also indicating high activity concentration at that 
point, due to the accumulation of radioactive residues, what probably motivated its inactivation.  
The line that receives the oil from gathering line 918 and that also feeds gathering line 582 
presented equivalent dose rates of up to 250 1−hSvµ  (measurement number 1 in Table 1).   
 
 
The Jordão Collecting Station, as well as other oil collecting stations, receives the oil from different 
wells and gathering lines that end in the manifold at the entrance of the colecting station.  Table 2 
shows the values for the equivalent dose rates measured in the Jordão Collecting Station.  
 
  
The values for the equivalent dose rates measured in the Jordão Collecting Station varied between 3 
and 480 1−hSvµ  (Table 2), the maximum value being measured on the line feeding the free water 
separator 533201.  Attention should be given to the fact that the values for the equivalent dose rates 
depend on the maintenance of the system; therefore, lines that have been cleaned or replaced 
recently will present relatively lower values for the dose rates. The same can be observed for the 
tanks that have been through recent cleaning and maintenance. 
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During the radiometric survey it was observed that the degree of accumulation of radioactive 
material, indicated by the equivalent dose rate, was always significant for ducts and equipment that 
carried produced water.  After the water separation stage the equivalent dose rates were negligible 
or much lower than those observed in other cases where the water was still present in the mixture 
(measurements 2 and 14 in Table 2).  
  
  
Table 2 Equivalent dose rates determined at different locations at the Jordão Collecting Station  

Measurement 
#  Location  

Equivalent 
Dose Rate 

1−hSvµ  
1 Oil feeding line to the collecting station  110 
2 External surface of the gas separator V-122601  3 
3 External surface of the free water separator 533201 20 
4 Internal surface of the free water separator 533201 100  
5 Feeding line to the free water separator 533201, close to the  tank  25 
6 Feeding line to the free water separator 533201, far from the tank 480 
7 Water exit line for the free water separator 533201 16 
8 Oil exit line for the free water separator 533201 20 
9 External surface of the free water separator 533202 11 
10 Feeding line to the free water separator 533202 140 
11 Water entrance tubing - storage tank of produced water 631101 40 
12 Water exit tubing - storage tank of produced water 631101 

(measured next to the tank) 
 

60 
13 Water exit tubing - storage tank of produced water 631101 

(measured away from the tank) 
 

100 
14 Residues left from the cleaning of the oil storage 631102 3 

 
 
Table 3 shows the results for the equivalent dose rates in the SZ-II Oil Collecting Station, pertaining 
to the Siririzinho Field of Production.  Measurements were also made at 5 cm distance from the 
surfaces.  The values for the equivalent dose rates varied between 7 and 14 1−hSvµ  and were 
determined at the feeding and discharge lines of the water storage tanks 631102 and 631103. It is 
worth to point out that, even though the measurements have been made at every place where 
radioactivity was supposed to be found, only the most significant values are presented in Table 3.   
 
 
The oil extraction at the Carmópolis and Siririzinho production fields, where the Jordão and SZ II 
collecting stations are situated is done with water injection in order to increase the efficiency of the 
extraction process. Produced water alone can be used for reinjection or it can be combined with 
underground water coming from nearby wells.   
 
 
Table 3 Equivalent dose rates measured at different places of the SZ-II Oil Collecting Station  
Measurement 

#  Location  
Equivalent Dose rate  

1−hSvµ  
1 Water feeding line 7 
2 Water line coming from the water storage 

tanks 631102 and 631103 
11 

3 Water line coming from the water storage 
tanks 631102 and 631103 

14 
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Several measurements of the equivalent dose rates were carried through at the radioactive waste 
storage area.  At the beginning of this work the drums used to store the oil residues were kept in a 
facility next to the SZ II Collecting Station. Due to certain difficulties such as control of the place 
and risk for the population, this facility was deactivated.  All the waste was then transferred to 
another facility close to the production fields of Carmópolis and Siririzinho.  There are, at this 
facility, about 60 drums containing wastes coming from different collecting stations.  Measurements 
of the radiation levels at about 5 cm from the surface of the drums have shown values varying from 
60 to 700 1−hSvµ .  Outside the facility, measurements of the radiation levels close to the walls 
indicated values for the equivalent dose rates that reached 7 1−hSvµ .  At the frontal entrance gate, at 
about 10 meters distance from the drums, an equivalent dose rate of 0.74 1−hSvµ  was measured. 

 
 

The risk for workers in charge of the removal of wastes and equipment cleaning, needs to be taken 
into account. During the operations of opening and cleaning of equipment, when the workers must 
enter the tanks, the exposure rate levels tend to be higher. These workers (normally from 
contractors), should be monitored and the number of worked hours should be kept to a minimum in 
order to reduce the dose. Another cause of concern derives from the inhalation of radon gas that 
accumulates in the interior of tanks.  For this reason, the cleaning and equipment maintenance work 
should be made with protective gas masks and internal aeration of the equipment, diminishing 
therefore, the radiological risk for these workers.   
 
 
In the oil E & P installations, the points where the scales are known to be formed and those places 
where the wastes are stored should have physical barriers and be properly marked.  The time of stay 
in places that present high levels of radiation must be reduced to a minimum.  Moreover, employees 
should be trained for the correct management of wastes containing radioactive materials.   

 
 

The levels of radioactivity found at the oil collecting stations studied indicate that, besides the 
special concern in relation to the protection of workers, adoption of specific procedures related to 
waste management is required. One of the key points in this management is to minimize the 
production of residues which can be achieved through proper cleaning and maintenance operations. 
Besides, simple attitudes such as segregation of radioactive residues are very effective as far as 
volume reduction is concerned.  Thus being, materials used during routine operations such as 
gloves, dressing gowns, cloths and others must be separated from the radioactive residues.  
Moreover, operations such as centrifugation and filtration must be carried through with the 
objective of reducing the volume of the oily waste, as it was demonstrated that practically all the 
radioactivity concentrates in the solid part of sludge and scale.   
 
 
As a final commentary, it is important to mention that during the accomplishment of this work the 
CNEN-NN-4.01 Regulatory Norm, of January 2005, from the Brazilian Commission of Nuclear 
Energy (CNEN), was released. This regulation applies to industrial installations that manipulate, 
process, as well as store ores, raw materials, residues, slags and wastes containing radionuclides 
from the uranium and thorium natural series.  In accordance with the above mentioned regulation, 
installations exempt of control are the ones that handle or generate materials with specific activities 
inferior to 10 kBq kg-1.  The Norm also establishes that the additional dose the workers are 
submitted to, as a result of their activities in this type of installation, should be lower than 1 mSv 
year-1.  The implementation of this Norm will be important to assure the protection of the workers 
from the oil extraction and production installations, as well as for the preservation of the 
environment. 
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Conclusion 
 
 
The high values for the equivalent dose rates observed in this study (up to 300 1−hSvµ  at gathering 
lines next to the oil collecting stations studied and up to 480 1−hSvµ  at the Jordão Oil Collecting 
Station) demand special attention as far as the protection of workers is concerned. Training of the 
maintenance personnel, use of individual protective equipment, as well as demarcation of radiation 
areas are important factors concerning the protection of the workers. 
 
 
Thus, it is recommended that the permanence of the workers in these production areas should be 
kept at the very least possible during the routine operations at the installation.  Moreover, the 
workers in charge of cleaning and maintenance operations must be monitored and instructed about 
the risks of radiation.   
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