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ABSTRACT 
 

The ionizing radiations are present from prospecting to production of oil or gas, using a variety of techniques 

with radioactive sources. The radioactive tracer (pip tag) is a technique in which is placed a mark in different 

depths of the well that is being profiled. This marker is done generally with gamma emitter 
60
Co which activity 

until 74 kBq (2 µCi). The purpose of this marker is to identify places of interest of investigations or where will 

be blast the rock that has been identified as potential hydrocarbon deposits. Currently, these radioactive markers 

are obtained in the international market in the form of metallic solid sources. However, there are some 

difficulties in the importation of material, ranging from the permission by the regulatory organization (CNEN) 

to the customs costs, through the attendance criteria set out in international and national standards related to the 

transport of radioactive material. These import processes, therefore, involve high costs and delays in having the 

products. This work aims to develop a methodology that makes possible the preparation of alternative 

radioactive sources in the country in order to supply the growing demand for this market in a shorter time and 

with less cost. For this purpose, are being evaluated not only the appropriate support for the markers as well as 

the possibility of replacement 
60
Co by other radionuclides that can perform the same functional properly. This 

replacement will be based on technical parameters such as energy, half-life, and activity and emission intensity, 

according to the characteristics of each radionuclide to be evaluated. The production of radioactive markers will 

be made at the National Laboratory for Metrology of Ionizing Radiation of the Institute of Radioprotection and 

Dosimetry (IRD), while the field tests had been performed in an industry located in the region of Macaé-RJ, 

which is specialized in marking and profiling of wells oil in deep waters. 



1. INTRODUCTION 

 

Marking of the oil wells with radioactive material is a technique widely used worldwide, 

mainly when their geological parameters are being logged. Usually 
60
Co sources with activity 

until 74 kBq are used to put a mark at the area of interest. This occurs in two forms: the first 

is caused by attachment of a radioactive source into the thread of the pipe, which will remain 

in the well; the second is putting another radioactive source in a device called a sub-

radioactive [1]. The first source is placed on a coating pipe and this mark is forever, while the 

second is used to confirm the position of the interested area. The passage of an exploratory 

tool with a NaI detector with dimensions of 5 cm in diameter and 20 cm in length will 

identify the overlap of the two radioactive sources generating spectra that permit an easy 

location of the markers. This work aims to develop a methodology that makes possible the 

preparation of various radioactive sources in the country in order to meet the growing 

demand of this market in less time and at a lower cost. For this purpose, are being evaluated 

not only radionuclides that perform the same function of 
60
Co and have availability in the 

domestic market but also the type of bracket suitable for these markers. This replacement is 

based on physical parameters like energy, half-life, activity and emission intensity of each 

radionuclide under evaluation [2]. 

 

 

 

2. MATERIALS AND METHODS  

 

2.1 Analysis of radionuclides 

 

Based on the decay parameters described above were selected the following sources: 
137

Cs 

with a gamma radiation of  0.662 MeV and half-life of 30 years; 
22
Na, which has an energy of 

1.275 MeV and half-life of 2.5 years; 
65
Zn which emits a gamma radiation of 1.115 MeV but 

with a relatively short half-life of 244 days, and also the 
60
Co, characterized by issuing an 

average gamma of  1.250 MeV and half-life of 5 years. These parameters as well as activities 

for each radioactive marker selected are listed in Table 1 [3]. 
 

 

Table 1: Selected radionuclides and their activities, prepared in LNMRI / IRD 

 

Radionuclide 

 

Half-Life 

(anos) 

Energy 

(MeV) 

Activity 

(kBq) 
137

Cs 30 0.662 37 
65
Zn 0.67 1.115 37 

22
Na 2.5 1.274 18.5 

60
Co 5 

1.17 

1.37 

18.5 

37 

74 

 

 

1.27 



2.2 Preparation of radioactive tracers 

 

Preparation of radioactive tracers was made in the National Metrology Laboratory of Ionizing 

Radiation of the Institute of Radioprotection and Dosimetry (LNMRI / IRD), whiles the field 

tests were performed on HALLIBURTON, located in Macaé - RJ, specializes in the upstream 

oil and gas industry throughout the lifecycle of the reservoir – from locating hydrocarbons 

and managing geological data, to drilling and formation evaluation, well construction and 

completion, and optimizing production through the life of the field.  

 

The gravimetric method was used, in which, from a stock solutions certified, the mass 

required to achieve the desired source activity is determined. The amount of mass needed to 

match the activities required for each radionuclide was obtained by the following equation: 

 

                                                        
A

A
m T

=∆                                                   (1) 

                                                                                                    

where,  ∆m =  mass needed; AT = activity of mother solution; A = total activity required. 

After determining the required amount in mass of each certified solution, it was adopted the 

differential weighing method. A polyethylene pycnometer was used to transfer the material to 

be weighed to a micro analytical balance. The bracket has been made of polyethylene so that 

they could fix the symbol indicating the presence of radioactive material. A tape was used to 

drop the radioactive solution and a point was drawed to identify the region of deposition. 

These sources are of punctual types, sealed and placed in polystyrene strips measuring 5.5 cm 

by 1.5 cm. In Figure 1 can be seen the support and the tape used in this work with their 

marks. 

 

 

 

 
 

Figure 1. Supports and tapes used, respectively, for the attachment and deposition of 

radioactive material. 

 

 



 

After selecting and separating the supports and tapes for the deposition of the radioactive 

material, the vial containing the stock solution it was removed from storage and then shaken 

for about 30 seconds to avoid deposition on the walls. After the opening of each vial, the 

deposition of radioactive solution was done using a polyethylene pycnometer with the wedge-

shaped tip so as to suck all the liquid from the vial. All material used was manipulated with 

tweezers. Thus, the pycnometer containing the certified solution was laid at the center of the 

scales to be weighed, obtaining the mass m1. After, the solution was dripped on the selected 

tape on the point drawed, until the mass ∆m to be reached. To ensure that the amount of mass 

deposited on the tape was in fact the mass necessary to achieve the required activity, the 

pycnometer was weighed again getting a mass m2. From the difference between m1 and m2, it 

was easy determine the exact mass that was deposited on the tape, as shown in eq. 2. 

 

                            ∆m = m1 – m2                                                       (2) 
 

At the end of the weighing process, the tapes were placed to dry under infrared light for three 

hours and then they were glued to their brackets, where each radionuclide was properly 

identified [4]. 

 

2.3 Data collection 

 

The data presented in this paper were gathered through experiments performed at the 

Halliburton company, located in the city of Macaé-RJ. In this installation it was possible to 

use the equipment for marking areas of interest to oil exploration. The equipment used in this 

field work were: a tool known as sub-radioactive, a probe reading HGNC model and an 

associated computer program. The sub-radioactive equipment used as bracket for the 

radioactive markers are made of steel with an internal diameter of about 15 cm. This cavity 

was closed by a screw. Inside the empty space of the screw was fixed a tape containing 

radioactive material, as seen in Figure 2. 

 

 

 

 
Figure 2. Sub-radioactive equipment,  showing the cavity and the screw where the 

radioactive marker was set (pip tag). 

 



 

 

To perform the measurement of radiation emitted by the marker placed on the sub-

radioactive, it was used a telemetry tool, HGNC model (Gamma-ray). This equipment 

consists of a 2 "x 2" NaI(Tl) detector, a photomultiplier and a preamplifier, as shown in 

Figure 3.  

 

 

 

 
Figure 3. Detector NaI (Tl) containing a photomultiplier and a preamplifier. 

 

 

 

Thus, an experimental arrangement was set up to simulate the operating conditions of the tool 

during the logging of a well in order to ensure the same work geometry. The Fig.4 shows the 

NaI(Tl) gamma radiation detector along with tools for reading other parameters. It also shows  

the best positioning for the experimental arrangement adopted, in which were kept the same 

geometry for all tests. That is, the markers were positioned over the detector without 

changing the experimental setup [5]. 

 

 

 

 
Figure 4. Experimental arrangement showing the positioning of the sub-radioactive 

device in the logging tool 

 



 

 

 From this arrangement, the signals emitted by the profiling tool were sent to a control 

cabinet which has a program for acquisition of spectra and generation of graphics. This 

computer program takes the GAPI (Gamma Ray, American Petroleum Industry) as the unit of 

measurement for ionizing radiation. 

 

This unit (GAPI) was defined at a calibration pit at the University of Houston, Texas. This 

standard pit consists of three zones of  specific mixtures of U, Th and K, two of low activity, 

and one of high activity. A GAPI is an arbitrary unit of measure defined as 1 / 200 of the 

deflection measured between the high and low activity zones of in the calibration pit. This 

scale is chosen for convenience; limestones have readings of 15-20 GAPI, whereas shales 

vary from 75 to 150 GAPI, with maximum readings of 300 GAPI for very radioactive shales 

(2). However, in Macaé region GAPI lies in the range of 150 [6]. 

 

 

3. RESULTS AND DISCUSSION  

The data gathered are presented here in graphical form, where the vertical axis represents the 

operating time of the marking tool, in seconds, and the horizontal axis, the amount of 

radiation emitted by the source, in units GAPI. In order to achieve a standard of comparison 

for all radionuclides presented in Tab.1, it was used a metallic source of 
60
Co, commonly 

used by the oil industry. To obtain the meter readings were set three relevant parameters in 

the process: a) the experimental arrangement adopted b) the depth simulated in the pit, and c) 

the time of initial collection. The results can be seen together in Figure 5. 

 

As can be seen the graph, there are two different scales for the measurement. The first scale 

ranges from zero to 150 GAPI, and is associated with the measurement of natural gamma 

radiation at the site (background), so without the presence of a radioactive marker. However, 

when placing the radioactive sources in measuring equipment (tool), it can be noted  radiation 

emissions above 150 GAPI; for this reason it is necessary to use a second scale, where it can 

view all the pulses heights generated by the different emission of radiation sources. In this 

work the scale used ranged from zero to 5000 GAPI. On this scale, can be seen that a 

continuous line appears in the time interval from zero to 10 s (vertical axis), which means 

that the natural radiation to the site examined is less than 150 GAPI, namely in the range of 

background radiation. In the time interval of 10 s to 32 s, it was observed that all readings of 

radioactive sources have increased significantly, showing clearly the influence of radioactive  

materials placed in the sub-radioactive. In the time interval of 32 s to 50 s, the radioactive 

level comes back to the natural radiation. 

 

The graph clearly shows that all radiation sources used presented responses significantly 

above the natural radiation, regardless of the activity of each source and energy of emission. 

In addition, the lower response signal generated by the source of 18.5 kBq of 
60
Co is six 

times higher than for natural radiation. On the other hand, the highest response signal was 

obtained with a 
60
Co source of 74 kBq, which is equivalent to thirty times the value assigned 

to natural radiation. The marker typically used by the Halliburton, represented by line 4 in 

Figure 5, showed a response ten times higher than natural radiation. At this time there was no 



information about the activity of the Halliburton source, used in this work. Thus, only the 

responses generated by sources of 
60
Co of 18.5 kBq and 

137
Cs of 37 kBq were below the 

commonly used marker. 

 

 

 

 
Figure 5. Result of the signals generated by different radioactive sources set in sub-

radioactive (pip tag). 

 

 

Albeit these results are below normal, this fact does not invalidate the use of such sources as 

radioactive marker, because the signs generated are well above the natural radiation. On the 

other hand, although 
65
Zn has given a good response (ten times the natural background 

radiation), the half-life of 244 days (0.67 years) limits its use in those practices where the 

residence time in the well is much larger than this half-life. As an example, the marking of 

depths in the well revetment for future exploration. The 
22
Na, having half-life of 2.5 years, 

also presents a limitation to practices that project its stay during long time of exploitation of 

the well. But this can be overcome by increasing its activity inversely with the reduction in 



the half-life. Even by increasing the activities, radiation levels generated will remain safe 

from the point of view of radioprotection, since these sources will be still having very low 

activities. 

 

 

4. CONCLUSIONS 

 

From the results obtained in this work, it can conclude that the 
22
Na has proven to be the best 

substitute, as strategic reserve for a possible lack of 
60
Co. If there are problems with the 

22
Na, 

the oil industry will be not subjected to damages, because these two can be replaced by 
65
Zn, 

which has shown good performance due to its energy is close to 
60
Co, despite having a lower 

half-life, bearing in mind its use in prolonged practice. 

 

In any case, the domestic market, through the institutes of CNEN can prepare and provide all 

of these radionuclides, as a rapid and low cost alternative, to meet the demand of the oil 

industry, without need to buy these products in the international market. 
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