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ABSTRACT 
 
The regulatory process in oil and gas well logging has shown the need for specific standard for the issuance of a license 

authorizing the use of sealed sources in well logging activities, in order to guarantee the quality of many factors from the 

point of view of radiation protection. Currently, have been used only generic radiation protection standards, but are not 

comprehensive or technically suitable for a well logging licensing purpose.  

The lack of a specific standard for licensing in radioactive well logging operations in Brazil, weakens the nuclear regulatory 

body in your aim of regulate and licensing the activity. 

This work establish, as main objective, a guideline for the future Brazilian radioprotection code in well logging operations, 

presenting relevant aspects not covered by generic radiation protection standards. 

 

1. INTRODUCTION 
 

The Comissão Nacional de Energia Nuclear (Brazilian National Comission for Nuclear 

Energy – CNEN), is the national nuclear regulatory body, linked to the Ministry of Science 

and Technology (MCT), created in 1956, establishes rules and regulations in radiation 

protection and nuclear safety, licensing and controlling the nuclear activity in Brazil. 

 

In this paper we will present a suggestion for a specific standard aiming to contribute to 

improving the normative framework for the licensing process of radioactive facilities in the 

oil and gas well logging industry. The relevant radiation protection aspects have been 

approached to provide safety for workers and minimize the risk for accidents involving 

radiation sources. The main purpose of this work is to establish a guideline for the future 

Brazilian radioprotection code in well logging operations. 

 

2. KEY ISSUES FOR LICENSING 
 

Licensing is the process by which a regulator grants, modifies, limits, extend, suspend or 

revoke a license or permission (authorization), aiming to guarantee safety for workers, 

population and environment. This process involves the issuance of certain Acts of the 
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Government, called the Administrative Acts. For radioactive facilities in Brazil, the 

Administrative Acts are listed in standard CNEN-NE-6.02 - Licensing of Radioactive 
Facilities.  

 

The licensing process include radiation safety assessment of facilities and of equipments with 

radiation sources incorporated, certification of radiation safety officers, as defined in standard 

CNEN-NN-3.03 – Radiation Safety Officer Certification, regulatory inspections and audits. 

 

The Brazilian Well Logging Team for radioactive facilities licensing in oil and gas well 

logging have concluded about the need for development and establishment of a specific 

standard for the activity. Nowadays have been used only generic radiation protection 

standards, but are not comprehensive or technically suitable for a well logging licensing 

purpose.  

  

Assessments have been performed by CNEN´s well logging licensing team and shown to be 

urgent a establishment of a radioprotection standard in well logging, defining working 

practices, safety procedures and protective measures to all situations where a radioactive 

sources are used for investigating the physical properties in geological formations, 

particularly when we take into account the huge new oil and gas discoveries on the Brazilian 

continental shelf, especially in deepwater and the pre-salt layer. 

  

 

3. BRIEF DESCRIPTION OF OPERATIONS IN NUCLEAR WELL LOGGING  

The operations sites in oil and gas well logging are divided in two groups: the well logging 

bases, or field stations, where licensed materials are stored or used in calibration of a logging 

tool; and Platforms (onshore and offshore), or temporary jobsites, where the radioactive 

sources are used in geological studies.  

Logging services using radioactive sources include electronic probes connected to computers 

on the surface. These sensors send data on the geological formations, generating profiles 

about underground rock formations, such as type of rock, porosity, density and hydrocarbon 

content that are submitted to technical analysis. Usually in these applications, two types of 

radioactive sources are used in logging operations, gamma and neutron sources. 

The radioactive sources used in well logging are generally of sufficient activity to constitute a 

significant health hazard unless adequately shielded and handled with proper care. 

Americium-Beryllium (Am-Be) with typically 9.3 GBq (0.25 Ci) to 740 GBq (20 Ci)) and 

cesium-137 typically 3.7 to 110 GBq (0.1 to 3 Ci) are the radioactive materials most 

frequently used for this purpose. A spontaneous fission source using californium-252 with 0.7 

GBq (20 mCi) has been demonstrated as a replacement for Am-Be sources. 

There are two different methods for the logging investigation, the Cable Logging (Wireline or 

drill-to-stop method) and the Logging While Drilling (LWD) operations. 
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3.1. Cable Logging  

The cable logging operations requires that all drilling operations cease and that parts of the 

drilling apparatus, including all of the drill stem, be removed to provide access to the well 

bore. The well logging tool containing one or more sealed sources is then lowered into the 

well bore to obtain information about the well or adjacent oil, gas, mineral, groundwater, or 

geological formations. 

3.2. Logging While Drilling - LWD 

LWD well logging operations occur during the drilling of the well bore and do not require 

that the drill stem or other equipment be removed from the well. LWD requires that the well 

logging tool containing one or more sealed sources be located above the drilling stem to 

obtain information about the well or adjacent oil, gas, mineral, groundwater or geological 

formations while the well drilling operation continues uninterrupted. Downhole recorded data 

from LWD sensors is transmitted to the surface through the use of mud telemetry. 

In this method, additional operating instructions and emergency procedures for conducting 

the operations are necessary to ensure the safety, due to the increase of the possibility to the 

radioactive source rupture in well. 

 

 

4. DISCUSSION OF RELEVANT ASPECTS 
 

 

The purpose of this work is to establish guidelines for working practices, procedures and 

protective measures which will aid in keeping doses, arising from the use in well logging 

tools containing sealed radioactive sources, to as low as reasonably achievable and to ensure 

that the dose-equivalent limits are not exceeded.  

 

These guidelines shall specify the minimum requirements for radiation protection and safety 

for all users of ionizing radiation in nuclear well logging operations, and specify the radiation 

safety requirements for sources, equipments, workplaces and persons using licensed materials 

in these operations, with scope in relevant specific aspects not covered by generic Brazilian 

radioprotection standards that shall form part of the future national standard for well logging. 

 

Below are presented these relevant aspects not covered by Brazilian normative framework: 
 

4.1. Radioactive Sources Control Requirements 

 

4.1.1. Radioactive Source Working Life 

 
Certification of a source is the process by which a source manufacturer checks the 

compliance of the source with the relevant regulations, characterizes its properties (nuclide, 

activity at a certain date, dimensions) and defines a recommended working life. 

 

The recommended working life is the sealed radioactive substance manufacturer´s 

recommendation for the period within the sealed source may be used in the knowledge that 

its design specifications will continue to be guaranteed. The manufacturer determines this 
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period based on many parameters, such as the toxicity of the source, the nominal activity, 

source construction, half-life, the environment in which is it used, operational experience, etc. 

 

The result of the source certification is the production of a source certificate by the 

manufacturer. When the recommended working life is exceeded, the manufacturer may 

perform additional examination of the source (visual inspection, leak tests), and extend the 

recommended working life. In that case, a new certificate is issued, and this complementary 

examination is called source recertification. 

 

The concept of recommended working life for sealed radioactive sources was introduced by 

some countries, notably Norway and Australia, in radiation protection requirements in well 

logging operations. In these countries, radioactive source which has exceeded its 

recommended working life, as specific by the manufacturer, shall not be used in well logging 

equipments. [1, 2] 

 

Additionally, in Australian well logging requirements is recommended that when the 

manufacturer does not specify the working life, it may be defined as 15 (fifteen) years for 

sources of Am-Be and Cs-137 and 5 (five) years for Cf-252 sources. 

 

The possession licensee must dispose of, re-encapsulate or recertify the radioactive sources at 

the end of their recommended working life. 

 

In Brazil the concept of recommended working life is not used, and don’t have normative 

framework to prevent the use of radioactive sources beyond their recommended working life. 
 

 

4.1.2. Leak Test 

 
The leak test (or wipe test) is a procedure which an absorbent material is used to wipe the 

surface of a container or equipment containing a sealed source. If radioactive material is 

leaking from the source, some of the radioactive material will adhere to the absorbent 

material. The absorbent material is analyzed in laboratory that has the necessary monitoring 

equipment. The tests shall be carried out by competent and qualified persons who have had 

appropriate training in radiation protection. 

 

The measurement of the leak test sample is a quantitative analysis requiring that 

instrumentation used to analyze the sample be capable of detecting 185 Becquerels (0.005 

microCuries) of radioactivity. [3] 

 

The Brazilian Standard CNEN-NE-3.02 – Radioprotection Services – determines that the 

Radioprotection Service of a radioactive facility shall establish and implement a monitoring 

program for radioactive sources, including the existence of contamination and leaks, without, 

however, explicitly set the frequency of leak testing. 

 

Due to the extreme environmental conditions in well logging operations is necessary to 

establish, in specific radioprotection standard, the frequencies for checking the integrity of a 

sealed radioactive source. 
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The leak tests frequencies in well logging sources are annual in Australia [2] and South 

Africa [3] and at intervals not exceeding 6 months in United States [4] and Nigeria [5]. 

 

Like a American and Nigerian normative, a biannual frequency (every six months) for the 

leak tests is proposed to Brazil, and additionally, in the absence of tests made within six 

months, the sealed source may not be used until be tested. 

 

 

4.1.3. Semi-Annual Inventory 

 
Radiation Sources used in the oil and gas well logging are frequently transported between 

field stations and temporary jobsites. They are sometimes transferred to new locations and 

may be moved for temporary storage. 

 

They are vulnerable to loss, theft or simply to being misplaced. In order to ensure control of 

radioactive sources, the companies must have a system for accounting sources and the system 

shall be capable of detecting losses quickly. 

 

Like a NRC normative [4], each licensee shall conduct a semi-annual physical inventory to 

account for all sources radiation received and possessed under the license. Physical 

inventories include locating, verifying the physical presence, and/or accounting for materials 

by the use of receipt and transfer records. 

 

 

4.1.4. Storage and Transport in Offshore Activities 

The offshore production platforms present a problem: space is limited. Work that includes the 

temporary storage of radiation sources normally demands the use of controlled areas, but may 

not provide enough distances to reduce the dose rate to acceptable values in surrounding 

areas [6]. 

 

In Brazilian national standards is not established the conditions about temporary storage in 

offshore activities. We are proposing, in offshore well logging on the Brazilian continental 

shelf, than the radioactive sources in their shielding shall be stored in their transport 

container, or in special storage containers marked with international radiation warning 

symbol. Additionally the transport or storage containers shall be equipped with a device to 

ease the localization in case of a maritime accident, as provided in Norway [1]. 

 

 

4.1.5. List of Workplaces 

Recently, the Brazilian well logging licensing group began conducting regulatory inspections 

in well logging temporary jobsites, but there isn´t regulatory tools for better planning these 

inspections, in view of the low predictability of occurrences of well logging operations.  

 

In order to create basic tool in the regulatory body, for the planning of on-jobsite regulation 

inspections, is necessary than the facilities submit a list of well logging workplaces in certain 

period.  
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4.2. Radiation Meters Control Requirements 

 

4.2.1. Quantity of Radiation Survey Meters 

The radiation monitoring instruments are necessary to protect health and minimize danger to 

life or property. The choice of instruments should be appropriate for the type of radiation to 

be measured, in well logging operation, neutron and gamma radiation. 

 

Licensees must possess and maintain sufficient calibrated and operable radiation survey 

instruments, capable of detecting neutron and gamma radiation. The inventory of radiation 

meters will be compatible with the amount of radioactive sources belonging to the facility, 

but there isn´t, in international standards, indicative of appropriate number of radiation 

monitoring instruments that a facility shall have according to their inventory of radioactive 

sources. 

 

The Brazilian Well Logging Licensing Team will propose, in future national standard, that 

the ideal number of radiation meters for each facility shall be defined as a neutron and 

gamma detector equipment for each set of operational radioactive sources, with the addition 

of a percentage of equipment reserves to cover unavailable due to maintenance and periodic 

calibrations, equivalent to 30% of the total number of operational sources of each radiation. 

 

4.2.2. Calibration of Equipments 

Each radiation survey instrument used for quantitative radiation measurement must be 

calibrated for the radiation that is measured, in this case, gamma or neutron. These 

equipments must be calibrated prior to initial use and at intervals not exceeding twelve 

months or following damage or repairs, as a Nigerian and Australian Standards or six months 

as American standard. Calibration certificates will be acceptable to the regulatory body only 

when issued by a laboratory accredited by the appropriate statutory committee [7]. 

 

Licensees shall provide a radiation meters management program in order to allow that the 

scheduling of calibrations of the meters, belonging to facility, be distributed during the year, 

thereby avoiding the excessive amount of equipment unavailable during the same period 

 

Brazilian generic radioprotection standards not define the calibration intervals, but Brazilian 

Regulatory Body has used the recommendation of the major equipments manufacturers that 

recommends recalibration at intervals on greater than the year. 

 

Due to the limited infrastructure available in Brazil for the calibration, especially for 

neutrons, is proposed than the Regulatory Body can evaluate the adequacy of accepting 

periodic calibration made by the manufacturer in an institution outside Brazil. 
 

 

4.2.3. Checking 
 

The routine performance checks are required before an instrument be used. These checks 

only when done properly, ensure that the calibration has not drifted substantially and that the 

instrument is operating correctly. Once the radiation survey meter return from the calibration 

laboratory, individual readings are obtained by exposing the instrument to a radiation field in 
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a reproducible geometry. The acceptance range is then established in + 20 % of standard 

reading obtained immediately after the calibration, on each scale. [8] 

 

Instruments used to perform radiation monitoring must be performance-checked prior to 

operation. When the performance checks are not within of the expected value, the instrument 

should be taken out of service.  

 

A source check may not be practical for a neutron exposure instruments used in well logging. 

In these cases, the well logging facility shall develop compensatory methods to demonstrate 

that the instrument is operable before use in the field station or temporary job sites. 

 

The Brazilian radioprotection standards only define than the equipments must be properly 

subject to checking.  

 

4.2.4. Range 
 

A radiation survey meter must be used during storage, handling, use and transportation of 

well logging sources to ensure that the sources are in their assigned position or safety 

location. 

 

This way, the equipments shall be scaled in appropriate units and shall be able to indicate 

expected radiation levels [7]. In order to make more effective the monitoring operations, it is 

essential that the meter is appropriate for the type and energy of the radiation present.   

 

4.2.5. Semi-Annual Inventory 
 

Each licensee shall conduct a semi-annual physical inventory accounting for all monitoring 

instruments. This inventory should include information on the technical condition as well as 

the general conditions for each instrument belonging to the radioactive facility, include 

calibrations and checking. 

 

 

4.2.6. Mud Detectors 

 
The minimum amount of mud detectors at LWD activities should be established in a specific 

standard for well logging. 

The use of mud detectors in operating and emergency procedures is essential. The presence 

of such equipment increases the probability of avoiding the exposure of workers in case of 

radioactive source rupture through the recirculation drilling fluid (mud). 

 

4.3. Area Control Requirements 
 

4.3.1. Monitoring Periodicity 

A specific standard should define the frequency of monitoring activities in the areas of 

facility, as well as defining the fields/minimum points required to be included in the register 

form of procedure working-out. 
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4.3.2. Radiation Survey Procedures 
 

The improper use of safety equipments and the failure to conduct radiation survey is the 

principal root cause in some accidents in oil and gas well logging with public and/or workers 

radiation exposures. [9,10,11] 

 

For instance, the controlled area shall be released only after the confirmation, through an 

appropriate survey procedure, that all radioactive source are fully shielded and in theirs 

shielding container, and a final check after all sources containers have been removed. 

 

4.3.3. Areas Monitoring Program 
 

Area Classification Program must contain at least consideration of: 

 

� In the areas of the vicinity of the radiation source or radiation generating equipment 

shall be applied the concepts of area classification; 

� Detailed procedures for the classification of the area and its periodic reviews shall 

consider operations with the radiation source or any modification that may alter the 

conditions of normal or potential exposure; 

� Minimum information to establish procedures for classifying areas of the facility 

(frequency of evaluation, registration data, date, author and evaluation criteria; sites 

evaluated and the results, etc. ...). 

 

 

4.4  Personal Control Requirements 

 

 

4.4.1. Radioactive Worker Identification 

 
In Brazil has been noted the necessity to additional controls in the identification of workers 

occupationally exposed, particularly with regard to the employee of another nationality. 

 

The employer format, mainly in offshore activities, makes very difficult to control workers. 

In the case of another nationality, are required the information exchange between the CNEN 

and the Ministry of Work (Brazilian Federal Supervisory Body of Work) in order to 

prevent that workers not included in the control of the Radiation Protection Service of the 

facility carry out activities with radioactive sources. 

 

4.4.2. Training and Certification/License of Workers 
 

There is a need for more formalizing of training of workers. The possibility of a 

certification/License should be studied to authorize a person to work with radioactive 

sources, like in Argentine Standard [12]. 

 

It is observed the existence of two distinct categories of workers in the operational area of 

well logging, with different technical knowledge and assignments when operating with 

radioactive sources, so the future standard, at least, shall provide two different training 

programs like the USNRC standard [4]. 
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4.4.3. Dosimeters Control Requirements 

 
Due to the large movement of workers mainly in the offshore area, there has been an 

excessive use of dosimeters extra/visitor, because of this, a system of control of these 

dosimeters  should be described in future standard in the following points: 

 

� New workers may use extra/visitors dosimeters, since they have already been 

requested their individual dosimeters; 

� New workers cannot use extra/visitors dosimeters for a period exceeding one usual 

wear period; 

� Worker, who has wear extra/visitors dosimeters, shall have the dose registered added 

to his occupational dose records. 

 

4.4.4. Dosimetry for Neutrons 

At present, Brazil has no sufficient infrastructure to provide neutron dosimetry by national 

laboratories, because of this, in order to “legalize" the use of dosimeters provided by 

laboratories not certified by CNEN, the standard should include part that when there is no 

accredited laboratory in the country for individual monitoring, the regulator will assess the 

appropriateness of services provided by institutions in other countries. 

 

4.4.5. Audits of the Job Performance 

An annual internal inspection program of the job performance of each worker in the 

licensee´s operating and emergency procedures shall implemented in the facility, include 

observation during an actual well logging operation, like the USNRC standard [4]. 

 

This procedure aims at evaluating the implementation of adequate training for operational 

and emergency actions. 

 

5.  CONCLUSIONS  
 

The lack of a specific standard for licensing in radioactive well logging operations in Brazil, 

weakens the nuclear regulatory body in your aim of regulate and licensing the activity. Many 

times the CNEN´s regulatory professionals, for lack of a specific rule, have enlarged the 

interpretation of generics radioprotections standards with the aim of inclusion radiation 

protection procedures used in other countries, and not established in currents Brazilian 

standards, a fact that has generate questions and complaints in well logging facilities. 

 

The creation of a specific standard is intended to define the requirements of radiation 

protection to be applied, particularly regarding the quantity of radiation protection equipment 

that must be available at the facilities and temporary jobsites, as well as the definition of 

frequencies for the carrying out of radioprotection procedures and controls. 

  

It should be noted that this is an appropriate moment for the expansion of regulatory tools in 

the well logging area, especially when we take into account the increased activity of 
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prospecting for oil and gas in Brazilian continental shelf, due to the increase of oil prices and 

the new frontiers of oil exploration in deepwater and the Brazil´s pre-salt layer. 
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