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هالخالص  

ثبس في انسٕداٌ ٔانسعى نزحسيٍ يجبل ْزِ انذساسخ انٕقبيخ يٍ االشعبع في يجبل سجش اآلرصف 

اثُبء عًهيبد انحفش  انًجبل ْزا انٕقبيّ يٍ االشعبع ٔانًجبدئ االسبسيّ نهٕقبيّ  نهعبيهييٍ في

انحٕادس  عٍ ثعطكًب رٓذف انذساسّ ايعًب نهزحقق نًسزخذيّ ، ٔانزخضيٍ ٔانُقم نهًصبدس انًشعّ ا

اثُب عًهيّ انحفش كًب رٕظح   يٍ انًصبدس انًشعّ رسعخ ٔانزى َزج عُٓب سقٕغ عذد  انزى حذثذ

انذساسّ  رصف أيعًبفي انًزطهجبد االسبسيّ نهٕقبيّ يٍ االشعبع انخبصخ ثبنقصٕس زٕصيبد ان

                        ٕسِ رٕظح يب جبء في ْزا انًجبل      اسبسيبد االشعبع  ٔعًهيبد سجش االثبس ثص

رى اعذادْب ٔفق نًزطهجبد يى ح رقٕيى نهٕقبيّ يٍ االشعبع يٍ خالل اسزًبسٕرى اجشاء عًهيبد رق 

انٕقبيّ يٍ االشعبع انٕاسدِ في انًعبييش االسبسيّ نهساليّ ٔرٕصيبد انهجُّ انذٔنيّ نهٕقبيّ يٍ 

يى في يجبل سجش االثبس ٔرًذ يطبثقّ اسزًبسِ انزقٕ االشعبع ٔاجشءآد انساليّ اثُبء عًهيبد انُقم

ٔجذ اٌ كم يزطهجبد انٕقبيّ يزٕفشِ يب عذا ثعط  ٔانزحقق يٍ رٕفش يقٕيبد انٕقبيّ يٍ االشعبع

يزى رأخيشْب َسجخ نٕجٕدْب في يُبطق انعًم  انزي انقصٕس في رأخيش يعبيشِ اجٓضح انكشف االشعبعي

يٕاقع انعًم يحزبج عشثّ يجٓضِ ثكم يقٕيبد انساليّ  َٔقم انًصبدس يٍ يُبطق انزخضيٍ انى

 حزى ال يزعشض انجًٕٓس ٔانجيئّ كًب اٌ خذيبد انشقبثّ انفشديّ يجت اٌ رقذو في انسٕداٌ  عٔانزذسي

 في االثبس اثُب عًهيبد انحفشرسعّ يصبدس  عذد ايعًب رى انزحقق يٍ االسجبة انزي ادد انى سقٕغ ،

يٕاقع يخزهفّ كًب اَّ اليٕجذ رهٕس َبرج يٍ رحطى ْزِ انًصبدس  ٔٔجذ اٌ ُْبنك آَب سقطذ في

نزحسيٍ يجبل انٕقبيّ يٍ  يسزقجاًل ٔرنك يكبَيّ رجُت ْزِ انحٕادسٔانزٕصٕيبد انالصيخ إلٔظعذ 

    االشعبع
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ABSTRACT 

This study is performed to improve radiation protection level in well logging include two 

case studies in Sudan (Lost or misplaced sources). General review of radiation and 

radiation protection basic concept is highlighted and discussed.  Also  preview of well 

logging practice and source of radiation use in well logging, safety of radiation sources, 

storage and manage of not use sources (weak sources) and protection of worker and 

potential exposure for public and worker, investigations in cause of lost or misplaced 

sources in well. Assessment was made in well logging using checklist prepared in 

accordance with the International Atomic Energy Agency IAEA basic safety standard, 

International Committee for Radiological Protection ICRP and safety in transport of 

radiation sources. The checklist includes all requirement of radiation protection. It is 

found that all requirement was present except the delay of calibration of radiation 

detectors, the movement of radiation sources form storage to base of manipulated area 

need adequate care for shielding and safe transport and personal monitoring service must 

be provide in Sudan.  Investigation was made in cause of lose of nine radiation sources in 

well it is found that all those sources were loss in different depth in the well and with 

deferent location and there was no risk because there was no contamination of fluids 

which caused by damage of loss sources. Some recommendations were stated that; if 

implemented could improve the status of radiation protection in well logging. 
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CHAPTER ONE 

INTRODUCTION 

Well logging practice is started in Sudan with petroleum operation during 1990th. 

 A number of radiation sources then have been used in this practice and the applications 

increases with increase of prospect of petroleum well. This increase of the application 

requires a proper radiation protection program to be applied. Although there was no study 

performed in this area in the Sudan, there are some international efforts done and 

published to tackle this problem (IAEA 34). It is of great importance to assess the 

radiation protection in this field according in Sudan and it is also important to prevent 

worker, public and environment from the risk and contamination by radiation.  

Log is an indirect measurement of formation properties exposed by the wellbore acquired 

by lowering a device or a combination of devices in the well bore contains type of 

radiation sources as the type of measurement need. In Sudan common type of radiation 

sources neutron and gamma sources are used as follow:  

Aim of study  

Aim of the present study is to estimate the basic concept of radiation protection in well 

logging practice and to investigate in cause of loss of nine radiation sources in well.   

Scope  

 Increase numbers of radiation sources in well logging practice this increase severity of 

radiation to worker public and environment. This study is meant to improve radiation 

protection in this practice and to minimize probability of accident and exposure to 

worker, public and environment. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Limiting exposure to ionizing radiation 

The level of human exposure to ionizing radiation may be controlled and limited in three 

ways: 

(1) Distance; 

(2) Time; 

(3) Shielding. 

For individuals discovering sources or devices, distance and time are the best methods for 

controlling and limiting exposure to radiation. For civil authority experts, shielding is an 

additional method for reducing their exposure. 

In the event that an uncontrolled source or device is identified, the public can be 

protected from radiation by a combination of distance and time. As a general rule, the 

intensity of the radiation field from a point source of radiation is reduced in proportion to 

the square of the distance. When sources or devices are identified, it is important to leave 

the area immediately, in order to minimize time and thus radiation exposure. Shielding of 

sources or devices should be used based on evaluations by civil authority experts. 

Radioisotopes commonly used in devices by industry Radiation sources provide critical 

capabilities in the oil and gas, electrical power (utilities) construction, manufacturing and 

food industries. In addition, academic, government, and private institutions use 

radioactive sources in technology research and development. These materials are as 

diverse in geographic location as they are in functional use. Here are some examples of 

radioactive sources uses:  

Americum-241 

Used in many smoke detectors for homes and businesses to measure levels of toxic lead 

in dried paint samples, to ensure uniform thickness in rolling processes like steel and 

paper production, and to help determine where oil wells should be drilled 

Cesium-137 

Used to treat cancerous tumors, to measure correct patient dosages of radioactive 

pharmaceuticals, to measure and control the liquid flow in oil pipelines, to tell 
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researchers whether oil wells are plugged by sand, and to ensure the rights fill level for 

packages of food, drugs, and other products. (The products in these packages do not 

become radioactive.) 

Cobalt-60 

Used to sterilize surgical instruments, and to improve the safety and reliability of 

industrial fuel oil burners. Used in cancer treatment, food irradiation, gauges, and 

radiography. 

Iridium-192 

Used to test the integrity of pipeline welds, boilers and aircraft parts and in 

Brachytherapy, tumor irradiation.  

Promethium-147 

Used in electric blanket thermostats, and to gauge thickness of thin plastics, thin sheet 

metal, rubber, textile and paper. 

2.2  Well logging 

2.2.1. Gamma oil well logging bull plug 

Device Category 2: this device needs proper controlled for safety purpose. Figure 1 

shows typical 
137

Cs oil well logging of this type which is mainly applied in oil 

exploration and production. 

 

 

 Fig. 1.Typical 
137

Cs oil well logging source carrying shield (transport container), 37kg × 

170 mm diameter × 210 mm length (photograph: Schlumberger). 

 

These devices typically use a single 
137

Cs source (fig 1). Oil well logging is the operation 

of taking various geophysical measurements in oil wells to evaluate their performance 
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and viability in exploration and production. Gamma sources are used for the density 

measurement of rock strata around the borehole of an oil well by backscatter 

measurement. 

The source itself is usually constructed in high strength and corrosion resistant metal. It is 

then usually mounted or welded into a ‘bull plug’. This may act as a collimator for the 

radiation and provides additional protection for the source in the downhole environment. 

It can also be attached to the associated instrumentation.. 

2.2.2. Neutron oil well logging 

 

Figure 2: Typical 
241

Am/Be neutron oil well logging source 

These devices typically use a single 
241

Am/Be neutron source (Fig.2). A small number of 

units using 238Pu/Be or 
252

Cf spontaneous fission material were also manufactured but 

are now largely obsolete. 

2.2.3. Logging tools and techniques 

Well logging companies place rugged, technologically sophisticated logging tools in the 

well to measure physical parameters in the well, the geological properties of the rocks 

around the well, and the presence of elements in the rocks (Figure 4). Among the many 

types of tool are means to measure fluid temperature, pressure, density and flow rates; 

detect casing corrosion, wear and other damage and measure rock density porosity and 

isotope content (IAEA 34). 
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FIG.3. Radioactive sealed sources incorporated in a pipeline pig (courtesy: Scot oil 

Group plc) 

 

 Some of the tools contain one or more radiation detectors and radioactive sources or a 

machine that generates ionizing radiation. These are referred to as nuclear logging tools. 

Radioactive sealed sources may be in corporate in pipeline pig (Fig.3) stubborn blockage.  

In wireline logging systems, the drill string is first removed from the well and the logging 

string (a series of logging tools connected together) is then lowered to the bottom of the 

well on a cable (the wireline) that carries the measurement data signals back to the 

surface where they are recorded on a log. As the wireline tool is slowly raised, the log 

plots the parameter being measure against the depth. 
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Fig. 4. Well logging tool string suspended by a derrick above an oil well (Schlumberger).  

 

 ‘Logging-while-drilling’ and ‘measurement-while drilling’ systems avoid the need to 

first remove the drill string by incorporating the logging tools in the drill collar or in 

coiled tubing. Signals are sent back to the surface by means of a positive ‘mud pulse’ 

telemetry system. Equipment at the wellhead interprets the mud pulses and logs the data. 

There are four common nuclear logging techniques: 

(1) The first technique, sometimes called the gamma measurement technique (different 

logging companies may use brand names), simply measures and identifies the gamma 

rays emitted by naturally occurring radionuclide’s in rocks to help distinguish the shale 

content of sedimentary rocks and aid lithological identification. The log records the 

uranium, thorium and potassium content of the rocks. 

(2) The second technique, which provides a neutron–neutron or compensated neutron log, 

demands a radioactive source of up to several hundred Gigabecquerels of 
241

Am/Be or 

238
Pu/Be in the tool to emit 4–5 MeV neutrons. An elongated skid hydraulically presses 

the tool against the wall of the well and two radiation detectors, located at different 

distances from the source in the tool, measure the neutrons backscattered by the rock 

formation. The relationship between the two readings provides a porosity index for the 
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rock. This indicates how porous the rock is and whether it is likely to contain 

hydrocarbons or water. 

(3) The third technique, Uses a tool, the gamma–gamma or density tool, which contains 

two detectors and a 
137

Cs source, usually of up to 75 GBq. The amount of gamma 

backscatter from the formation provides the density log that, together with the porosity 

log, is a valuable indicator of the presence of gas. A brand name may refer to this 

technique. 

(4) The fourth technique, termed neutron–gamma logging, employs a tool that houses a 

miniature linear accelerator. It contains up to several hundred GBq of tritium (
3
H), a very 

low energy beta particle emitter. When a high voltage (typically 80 kV) is applied to the 

device, it accelerates deuterium atoms (
2
H) that bombard the tritium target and generate a 

large number of very high energy (14–15 MeV) neutrons in pulses lasting a few 

microseconds. Certain nuclides become radioactive when hit by this neutron flux, and 

their subsequent radioactive decay within the next few milliseconds can be monitored 

when the process is repeated a great number of times per second. Either the gamma 

radiation emitted as the activated atoms decay or the thermal neutron decay 

characteristics are measured to identify the activated species of atoms.  

 The chlorine or salt water content of the rocks is of particular interest. A brand name 

may refer to this technique. 

The gamma and neutron sources used in these tools are normally transported in separate 

heavy containers termed shipping shields or carrying shields. They are type a transport 

packages (or sometimes Type B for the neutron source) that meet the specifications for 

Category III labeling as defined by the IAEA Regulations for the Safe Transport of 

Radioactive Material. They may be transported by road in the vehicles of the logging 

companies to the land well .When they are to be used offshore. This may be a large thick-

walled box (external dimensions about 1.75 m × 1.75 m × 1.75 m) that also serves as a 

storage container at the well site (Fig. 5). The shields do not provide adequate shielding 

to allow storage of the sources without use of the large container. When the tools are 

hoisted into position above the well, the logging engineer transfers the sources from the 

shields to the tools using a handling rod approximately 1.5 m long. The dose rates of the 

137
Cs source are significant but not normally isotropic owing to the construction of the 
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source assembly. Dose rates may exceed 7.5μSv/h for up to 30 m in the forward direction 

and about 4 m behind the engineer. The radiation from the source is directed away from 

any occupied areas. The dose rates of the neutron sources can exceed 7.5μSv/h for 

distances of up to about 4m.  

 

 

Fig. 5. Transport container used as a temporary store for well logging sources (courtesy: 

National Radiological Protection Board, UK). 

 

In addition to a ‘set’ of sources used in the logging tools, the logging engineer will need a 

number of field calibration sources to carry out final checks on the tools before beginning 

the log. Master calibrations are periodically performed on the tools at the logging 

company’s operations base. These tests will involve putting the sources into the tools or 

into a section of the tool and either placing the tool inside a calibration block or placing a 

block over the source position on the tool. The master calibration for the neutron–gamma 

logging tool involves generating neutrons while the tool is inside a tank filled with a 

suitable fluid (for example, clean water). The tank and its contents remain radioactive for 

a short time (up to 30 min) after the tool has been switched off.  

The instrument technicians assigned to the service company’s base will use a range of 

sources of relatively low activity to aid in adjusting the settings of the radiation detectors 

(Fig. 7). 
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The logging tools and the sources they contain are subjected to very high down hole 

temperatures and pressures. The sources normally fall within the definition of ‘special 

form radioactive material’ as sealed sources satisfying the test criteria specified by the 

IAEA and ISO standards. Nevertheless, the sources are normally given the further 

protection of a special container (a pressure vessel) whenever they are in the shield or 

logging tool. The sources 

 

 

 

Fig.6. Controlled area in which low dose rate radiation test sources are used during tests 

in the workshop (courtesy: National Radiological Protection Board, UK). 

 

Also need frequent checks for leakage of radioactive substances in accordance with test 

criteria specified by ISO standards. 

Additional uses of sources 

While running the casing it is normal practice to insert small radioactive sources to act as 

depth correlation markers — these provide, on the logs, clear indications of when the 

logging tool reaches the defined depths. These sources each contain about 50 kBq of 
60

Co 

in the form of malleable metal strips (or tags) or point sources (pellets). They are inserted 

into threaded holes in the casing collars or the tags may be placed in the screw threads at 

the casing joints 

— The former configuration avoids the mutilation of the radioactive source. 

During well completions, tags are usually attached to the perforation gun so that when the 

explosive charge is detonated and jets of plasma (very hot ionized gas) perforate the 
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casing, the radioactive material contaminates the perforations. These sources are 

generally known as PIP tags after the original brand name (Precision Identification 

Perforation markers). A logging tool may be used to detect the spread and depth of the 

radioactive material to determine whether or not the charges have all fired at the intended 

depth and whether the perforation process has been successful. Some of the 

contamination may later be brought to the surface by the large volumes of fluids and 

solids flowing from the well but dilution factors are such that the activity concentrations 

will be very low in the topside plant and equipment. 

The density of fluid may be measured at any depth in a well by using a small logging tool 

that resembles a large sewing needle (Fig. 7). A source of 
241

Am of several GBq and a 

detector are located opposite each other across the ‘eye’ of the needle to provide a 

measure of the attenuation of gamma radiation that occurs when fluids enter between 

them. The sleeve shown in (Fig. 7) is positioned over the gauge to prevent access to the 

source during storage and transport. 

2.3  Safety of sealed sources 

2.3.1 Sealed sources 

Sealed radioactive sources used in the oil and gas industry are normally manufactured to 

specifications. Under normal circumstances, the radioactive material will remain 

encapsulated throughout its working life and be returned intact to the supplier, 

manufacturer or other recipient authorized by the regulatory body. Sealed sources are 

routinely subjected to leakage tests at appropriate intervals to confirm that no leakage of 

the radioactive material has occurred. They are usually contained within shielding 

materials that are appropriate to the radiation and the application concerned in order to 

optimize the protection afforded to those workers closely associated with the application 

and to others in the industry. Under normal circumstances, and with regard to reasonably 

foreseeable incidents, accidents and other occurrences, there is usually only a potential 

external radiation hazard. Appropriate measures to control such hazards and guidance on 

occupational radiation protection are given in a number of publications, including 

specific guidance on various practices. 
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2.3.2 Radiation safety in normal working conditions. 

Radiation sources are in common use throughout the oil and gas industry, and therefore 

represent sources of potential exposure to a wide range of workers in that industry. The 

transport and movement of packages and freight containing sources potentially expose 

workers employed by the various transport service companies supplying the industry’s 

material needs by land, sea and air (Fig. 8). There is a need for good logistical 

organization on the part of the operator to ensure that the sources and the workers trained 

to use or install them are mobilized to arrive in a co-ordinated manner. 

 

Fig. 7. Gauge for measuring the density of well fluids (courtesy: National Radiological 

Protection Board, UK). 

 

Fig.8. Store for radioactive sources (courtesy: National Radiological Protection Board, 

UK). 
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The industry is accustomed to good communications, ensuring that consignors and 

consignees are fully aware of the sources’ movements and in-transit storage locations. 

Temporary and permanent storage arrangements made available for the sources on their 

arrival must meet standards that satisfy the responsible regulatory body (Fig. 9). These 

standards are likely to include requirements for security; intelligible warnings in local or 

multiple languages; adequate shielding; and separate storage away from other hazards, 

other (non-radioactive) materials, and workplaces. 

Work that includes the removal of radiation sources from shielded containers, particularly 

those manipulated during radiography and well logging normally demands the use of 

barriers (Fig. 9) to designate the extent of the controlled areas. This presents a problem 

where space is limited, such as on off shore production platforms, and where the work 

must be carried out at a specific location, such as the radiographic examination of items 

in situ and well logging on the drill floor. Oil and gas production is almost continuous 

(except during shutdowns and work over’s) and at isolated drill sites personnel will 

normally remain nearby even when they are off duty. Constraints need to be imposed on 

the radiography consistent with those of the working environment. 

 

Fig. 9. Chain barriers designating a controlled area on the drill floor while logging 

sources are in use (courtesy: National Radiological Protection Board, UK).  

 

One possibility would be to limit the source activity to an appropriate value, for example 

1 TBq of 
192

Ir, depending on the extent of the work site and any controlled areas 

designated while the work is in progress. This may result in a need to tolerate longer film 

exposure times and a reduced rate of radiograph production. Best use needs to be made of 
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places that are furthest from normally occupied areas, for example, by moving items to be 

radiographed on offshore platforms to the lowest level (the cellar deck) where feasible. 

The walls, floors and ceilings on offshore platforms/rigs may not provide enough 

shielding to reduce the dose rates to acceptable values in surrounding areas. The use of 

shielding placed near the source and the carrying out of the work in the vicinity of topside 

plant, such as storage tanks and vessels that provides shielding will minimize the extent 

of controlled areas. It is important to provide good beam collimation, enabling beams 

produced during radiography and well logging to be directed away from occupied areas, 

and to adhere to appropriate procedures. 

Warning methods such as public announcements, audible signals (for example, a portable 

air horn) and visible signals (for example, a flashing light in the vicinity of the work) help 

restrict access to controlled areas. 

2.3.3 High exposure and overexposure to radiation sources 

Without suitable radiation protection measures, well logging radiation sources could give 

rise to significant external doses, particularly while they are being manipulated routinely 

out of their shielded containers. 

Improper handling of well logging sources and emergency situations such as extended 

exposure arising during a difficult removal of a source from the logging tool could result 

in significant doses being received by the engineer and technicians carrying out this type 

of work. The most likely cause of a significant dose being accidentally received is the 

failure to use a suitable radiation monitoring instrument to detect an unshielded source. 

When sit well logging is carried out it is always necessary to have available the expertise 

and necessary equipment (such as remote handling tongs) to implement contingency 

plans quickly and efficiently. On offshore oil and gas platforms it may not be practicable 

to evacuate personnel to a safe area and it is therefore more urgent to implement source 

recovery. 

Installed gauges and most mobile gauging devices are unlikely to contain radiation 

sources capable, under normal circumstances, of delivering doses equivalent to a dose 

limit. Care is needed by the operator not to allow access to a vessel on which source 

housing is mounted until the radiation beam has been sufficiently shielded by a shutter 

within the housing that is locked in the closed position. This is particularly important 
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where dip tube or suspended source configurations are used within the vessel. Radiation 

monitoring must be carried out to confirm that the shutters have actually closed and that 

it is safe to enter a vessel or to manipulate a gauge source housing. 

Significant exposure to radiation could result from improper handling of gauge sources if, 

for example, maintenance or leakage testing were to be carried out incorrectly. 

Significant exposure could also result from high output devices such as neutron 

generators if they were to be energized before lowering down hole or before providing 

adequate shielding by means of a calibration tank. 

2.3.4 Lost or misplaced sources 

Radiation sources used in the oil and gas industry are frequently transported between 

service company bases and points of use; they are sometimes transferred or redirected to 

new locations and may be moved, removed for temporary storage or reallocated within a 

field or between sites. 

They are vulnerable to loss or theft or simply to being misplaced. Service companies and 

operators must keep detailed and accurate records to account for the whereabouts of 

sources at all times so as to prevent accidental occupational exposure or unauthorized 

disposal.   

For sources used on off shore platforms and rigs, the keeping of an up-to-date record at 

an appropriate onshore location would aid recovery of the sources in the event of a 

serious incident. The likelihood of loss or damage is greater for portable or mobile 

sources (particularly small items such as smoke detectors and beta lights). Installed 

equipment is to be detailed on plant and equipment drawings. Every effort must be made 

to locate radiation sources that are not accounted for and the regulatory body must be 

notified promptly of any loss. Sources that are lost or ‘orphaned’ present a radiological 

risk to the public and constitute a potentially serious hazard to any individual member of 

the public who attempts to remove a source from safe containment. They may become a 

significant economic burden and risk to the wider public if, for example, they are 

recycled with scrap metal. 

Unnecessary risks that may result in the loss of a source ought to be avoided; for 

example, it is desirable that source containers are not lifted over the sea. When sources 

must be manipulated and where there is a risk of loss, suitable precautions need to be 
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taken. A plate covering the annulus around a well logging tool, or a chain connecting the 

source to the handling rod while it is being inserted into the tool, is sufficient to prevent a 

disconnected source from falling into a well. A tarpaulin may be used to cover deck 

grating during an emergency procedure to recover a disconnected source from the 

projection tube of a radiographic exposure container. 
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CHAPTER THREE 

MATERIAL AND METHOD  

The methods use in this work is divided into two parts. 

Part I: To estimate of radiation protection in well logging used checklist to comply with 

all requirement of radiation protection in field of practice in Sudan Heglieg and Addariel.  

Part II:  To investigate of lost radiation sources in well in Sudan. 

 

For the assessment of radiation protection a checklist is used. This was prepared to 

comply with radiation protection requirement according to international standards (BSS 

115 and ICRP). The check list is present in appendix include inquiry in the following 

items:  

1. Receipt and transfer of radiation sources: Incoming radioactive packages 

surveyed for damage. Satisfactory procedures are in place for the disposal of 

radiation sources. 

2. Radiation sources: Nuclide, chemical form, activity and Leakage test 

3. Internal audits and review: Audits of the facilities, source inventory, working 

rules and emergency procedures performed at appropriate intervals. 

4. Facility and equipment: Facilities as described; uses; control of access; 

engineering controls; calibration facilities; shielding [BSS Section 2.34] 

5. Area radiation surveys and contamination control: Radiological surveys; leak 

tests; inventories; handling of radioactive materials; records; contamination 

control [BSS - Section I.38] 

6. Personnel radiation monitoring: Radiation protection program with ALARA 

provisions; dosimetry; exposure evaluations; dose and survey records and reports; 

notifications to workers] [BSS – Schedule II] 

7. Transport of radioactive sources: Regulations of the IAEA for the safe transport 

of radioactive material - safety standard series no. TS-R-1. Investigations for 

radiation sources loss in well.  This investigation made to inquiry in this item  

 Type of radiation sources  

 Activity  

 Serial number 
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 Date of loss 

 Location  

 Depth of well 

 Determine the root causes and contributing factors; 

 Assess the consequences; 

 Identify corrective actions with recommendation  
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CHAPTER FOUR 

RESULT AND DISCUSSION 

Assessment of radiation protection (from radiation safety checklist)  

1. Receipt and transfer of radiation sources 

 Incoming radioactive packages surveyed for damage, dose rates and potential 

radioactive contamination before opening 

 Satisfactory procedures are in place for the disposal of radiation sources that are 

no longer required. e.g. disposal only to authorized persons; notification to the 

Regulatory Authority, etc 

 Records of packaging surveys, source receipt and transfer maintained 

All procedures are in place for receipt and transfer of radiation sources. 

2. Radiation sources 

 Nuclides, chemical form, activities and uses as authorized in the license i.e. 

inventory confirmed. 

 Locked secured location with key control. 

 Leakage tests performed on sealed sources. 

 Inventory of sealed sources conducted. 

 Records of leakage tests and inventory maintained. 

 Proper shielding. 

This for radiation sources in storage and transport container 

3. Internal audits and reviews 

 Audits of the facilities, source inventory, working rules and emergency 

procedures performed at appropriate intervals. 

 Conducts regular audits of employees working at field sites. 

 Audits conducted by facility management and reviews by regulatory authority 

 Frequency annually. 

 Records of program reviews and audits maintained. 

4. Facilities and equipment 

 Access to radioactive material adequately controlled  

 Radiation sources secured to prevent unauthorized removal. 
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 Adequate methods used to prevent unauthorized individuals from entering 

controlled areas. 

 There is no adequate fire protection. 

 RPO reviews results of quality control checks and maintains records of checks. 

5. Area radiation surveys and contamination control 

 Suitable function checks are performed on instruments prior to use 

 Controlled area demarcated. 

 Approved signs at access point. 

 Survey meter calibration is sometime delayed. 

 Survey meter calibration is performed by an approved facility, Sudan atomic 

energy commission 

 Sufficient functional survey meters are available for each field site operation. 

 Area exposure rate surveys are performed at appropriate intervals. 

 Surveys for removable contamination conducted as required. 

 it evident that workers always use a survey meter at the conclusion of every 

exposure to confirm that the radioactive source has been returned to its container 

or, for unsealed sources, that contamination is within prescribed limits. 

 Records of calibrations, contamination surveys, etc. maintained. 

6. Personnel radiation monitoring 

Radiation protection program with ALARA provisions; dosimetry; exposure evaluations; 

dose and survey records and reports; notifications to workers] [BSS – Schedule II] 

 Licensee provides personal dosimeters to all radiation workers. 

 Dosimetry supplier is an authorized provider. 

 Provide by France facility for Schelumberger and Chinese facility for CNLC 

 Dosimeters are exchanged at the prescribed period.  

 Dosimetry reports are promptly reviewed by the RPO. 

 It evident that personal dosimeters are being worn by workers. 

 Individual workers are informed of their monitoring results when each monitoring 

report is received (regardless of the dose measured). 

 The licensee applies ALARA to occupational exposure. 
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 No bioassay program has been established and is implemented as appropriate. 

 No personnel monitoring records (including bioassay results) are maintained. 

 The dosimetry service use Thermo Luminescent dosimeter (TLD) and direct 

reading dosimeter (DRD) 

7. Transport of radioactive sources 

 Regulations from the IAEA for the safe transport of radioactive material- safety standard 

series No. TS-R-1 require the flowing  

 Licensee ships radioactive material. 

 Authorized packages used. 

 Packages properly labeled and marked. 

 Licensee’s vehicles, if used for transport, comply with regulations. 

 Shipper’s declaration papers have correct details and used when shipping sources. 

 

Inspection of storage of radiation source was conducted resulted in data shown in table 1 

which shows acceptable levels. 

 Table. 1: The reading in the storage of radiation sources. Using Radose for 

measurements given in a unit of µSv/h 

At the outer 

barrier 

At the door of 

storage 

At surface  of 

storage 

container 

1m form storage 

container 

background 

.0.0 302 3.0.2 13021 .0.0 
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Investigation in loss of radiation sources in well 

According to information provided by the Regulatory Authority there have been some 

radioactive sources in well logging lost during practices. Preliminary investigations 

showed no risk associated with radiation source. Table 2 shows radioactive material that 

is pulled off or not connected to the wireline that suspends the source in the well and for 

which all reasonable effort at recovery has been expended.  

 

Table.2. Explained Radiation sources lost in well the type of sources, facility, practice, 

serial number, location, date, and depth of the well 

Type of 

sources 

Practice  S/N Activity Location Date  Depth  

241
Am/Be Well 

logging 

167895 18Ci Hiegleg Mr 98 A/N 

137
Cs Well 

logging 

Zy-03-07 47GBq Hiegleg 8/9 

2003 

1834m 

241
Am/Be Well 

logging 

N-056 18Ci Hiegleg Mr  

98 

A/N 

137
Cs Well 

logging 

1753GW 2Ci Hiegleg Mr  

98 

1953m 

241
Am/Be Well 

logging 

N-383 10.2Ci Simbir 

West 

18/4/200

6 

2945m 

241
Am/Be Well 

logging 

A394 10Ci Bambo 

west 

23/7/200

7 

1155m 

241
Am/Be Well 

logging 

N0322  Tembo 

south 

21/4/200

9 

1915m 

137
Cs Well 

logging 

A2062 1.66Ci Bamboo 

west 

9/ 2007 1155m 

137
Cs Well 

logging 

A2234 1.86Ci Simbir 

West 

18/42006 2945m 
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The root causes and contributing factors; 

The wire line support for tools may break or the tool may become ‘snagged’ within an 

open (uncased) hole. If any radioactive source associated with well logging becomes 

stuck down hole. 

The geological factor as rock formation is factors contribute of disconnected sources  

The consequences; 

Damage to the encapsulation could cause widespread radioactive contamination of the 

wellbore, drilling rig, fishing tools, mud tanks, mud pumps, and other equipment that 

comes into contact with the drilling fluids. 

 

 Retrieval of disconnected sources from a well 

When logging tools are placed in a well there is a risk that the radiation sources they 

contain, such as 
137

Cs and 
241

Am, may not be retrievable.  

 It is important that the manner in which the recovery is attempted does not compromise 

the integrity of the encapsulation of the radioactive material. Damage to the 

encapsulation could cause widespread radioactive contamination of the wellbore, drilling 

rig, fishing tools, mud tanks, mud pumps, and other equipment that comes into contact 

with the drilling fluids. During fishing operations, the logging engineer provides advice 

and monitors the mud returns for any evidence of damage to the source using instruments 

suitable for detecting the types and energies of the emissions from the radioactive source 

material. Any increase in radiation levels detected in the returned fluids would call for the 

operator to stop recovery operations immediately, pending an assessment to determine 

the source’s status. The specialist service companies and the operator must advise the 

regulatory body when fishing operations have been unsuccessful and obtain agreement to 

discontinue recovery operations. Appropriate measures will be needed to ensure that an 

abandoned source in a tool is not destroyed in any future drilling of the well. 

Usually the tool is cemented in, possibly using coloured cement, and a hard metal 

deflector may be placed on top of the cement plug. Later, drilling around the plug may 

continue, with a permanent plaque attached at the wellhead to provide details of the 

abandoned source and a clear warning. 
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CHAPTER FIVE 

RECOMMENDATION AND CONCLUSION 

Radiation protection assessment in practice of well logging in Sudan seemed that there is 

no more hazards if accident are avoided and reasons which lead to accident and follow 

safety procedure and radiation protection program which assign clear responsibility and 

Appling emergency plan. It is recommended that:  

 Personal monitoring service must be provide in Sudan  

 Calibration of radiation detectors must be annually and reviewed   

 Survey meter calibration it must be not delayed. 

 Record of movement of radiation source must be kept. 

 Control of access to radiation sources must be use modern methodology as 

CCTV camera 

 Transport of radiation sources need recommended car for transport as 

prescribed by IAEA 

The loss of radiation sources in well.  

Corrective actions; 

The licensee must immediately notify the regulatory body and advise the operator, 

ensuring that every reasonable effort is made to recover the source. Specialist service 

companies using special equipment may be called upon to carry out ‘fishing’ operations 

to retrieve disconnected logging equipment 

A plate covering the annulus around a well logging tool, or a chain connecting the source 

to the handling rod while it is being inserted into the tool, is sufficient to prevent a 

disconnected source from falling into a well 
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APPENDIX A 

Keywords 

Contamination. Radioactive substances on surfaces, or within solids, liquids or gases 

(including the human body), where their presence is unintended or undesirable, or the 

process giving rise to their presence in such places. 

Controlled area. A defined area in which specific protection measures and safety 

provisions are or could be required for controlling normal exposures or for preventing the 

spread of contamination during normal working conditions, and preventing or limiting 

the extent of potential exposures.  

Supervised area. A defined area not designated a controlled area but for which 

occupational exposure conditions are kept under review, even though specific protection 

measures and safety provisions are not normally needed. 

Exposure. The act or condition of being subject to irradiation. 

Half-life. For a radionuclide, the time required for the activity to decrease, by a 

radioactive decay process, by half. 

Ionizing radiation. For the purposes of radiation protection, radiation capable of 

producing ion pairs in biological material. 

NORM (naturally occurring radioactive material). Material containing no significant 

amounts of radionuclide’s other than naturally occurring radionuclide’s. 

Radioactive material. Material designated in national law or by a regulatory body as 

being subject to regulatory control because of its radioactivity. 

Source. Anything that may cause radiation exposure such as by emitting ionizing 

radiation or by releasing radioactive substances or materials —and which can be treated 

as a single entity for protection and safety purposes. 

Oil and gas production 

Well means a drilled hole in which well logging may be performed. As used in this rule, 

"well" includes drilled holes for the purpose of oil, gas, mineral, groundwater, or 

geological exploration. 

Well-logging means all operations involving the lowering and raising of measuring 

devices or tools which may contain licensed material or are used to detect licensed 

materials in wells for the purpose of obtaining information about the well or adjacent 
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formations and which may be used in oil, gas, mineral, groundwater, or geological 

exploration. 

Wire line. Means a cable containing one or more electrical conductors which is used to 

lower and raise logging tools in the well-bore. 

Wireline service operation" means any evaluation or mechanical service which is 

performed in the well-bore using devices on a wireline. 

Logging tool means. A device used subsurface to perform well logging 

Safety review means a periodic review provided by the licensee or registrant for its 

employees on radiation safety aspects of well logging. The review may include, as 

appropriate, the results of internal inspections, new procedures or equipment, accidents or 

errors that have been observed, and opportunities for employees to ask safety questions. 

Temporary job-site means a place where sources of radiation are present for the purpose 

of performing well logging including subsurface tracer studies. 

 Injection tool means a device used for controlled subsurface injection of radioactive 

tracer material. 

 Irretrievable well logging source means any sealed source containing radioactive 

material that is pulled off or not connected to the wireline that suspends the source in the 

well and for which all reasonable effort at recovery has been expended. 

 Source holder means a housing or assembly into which a sealed source is placed to 

facilitate the handling and use of the source in well logging. 
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APPENDIX B 

Radiation protection in well logging assessment 

 

1 RECEIPT AND TRANSFER OF RADIATION 

SOURCES 

yes no 

 Incoming radioactive packages surveyed for 

damage, dose rates and potential radioactive 

contamination before opening? 

Yes  

 Satisfactory procedures are in place for the 

disposal of radiation sources that are no longer 

required. e.g. disposal only to authorized persons; 

notification to the Regulatory Authority, etc.? 

Yes  

 Records of packaging surveys, source receipt and 

transfer maintained? 

Yes  

 Comment 

 All procedures are in place for receipt and transfer of radiation sources. 

 

 

  

  

  

 

2 RADIATION SOURCES  

 Yes No 

Nuclides, chemical form, activities and uses as authorized in the license i.e. 

inventory confirmed? 

Yes  

Locked secured location with key control?  NO 

Leakage tests performed on sealed sources? Yes  
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Inventory of sealed sources conducted? Yes  

Records of leakage tests and inventory maintained? Yes  

proper shielding Yes  

Comments:   

This for radiation sources in storage and transport container 

 

  

   

   

   

 

 

3 INTERNAL AUDITS AND REVIEWS 

 Yes No 

Audits of the facilities, source inventory, working rules and emergency 

procedures performed at appropriate intervals? 

Yes  

Licensee conducts regular audits of employees working at field sites? Yes  

Audits conducted by : facility management and reviews by regulatory 

authority  

  

Frequency: annually.   

Records of program reviews and audits maintained? Yes  

Comments   
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4 FACILITIES AND EQUIPMENT  

Facilities as described; uses; control of access; engineering controls; calibration 

facilities; shielding [BSS Section 2.34] 

 Yes No 

Is access to radioactive material adequately controlled? Yes  

Are radiation sources secured to prevent unauthorized removal? Yes  

Are adequate methods used to prevent unauthorized individuals from 

entering controlled areas? 

Yes  

Is there adequate fire protection?  No 

RPO reviews results of quality control checks and maintains records of 

checks? 

Yes  

Comments:   

This procedures in storage of radiation sources   

   

   

   

 

5 AREA RADIATION SURVEYS AND CONTAMINATION CONTROL  

Radiological surveys; leak tests; inventories; handling of radioactive materials; 

records; contamination control [BSS - Section I.38] 

 Yes No 

Suitable function checks are performed on instruments prior to use?   

 Are controlled areas demarcated?  Yes  
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 Are approved signs at access points? Yes  

Are supervised areas demarcated? Yes  

Are approved signs at access points? Yes  

Survey meter calibrations are current?  NO 

Survey meter calibration is performed by an approved facility? Yes  

Name of facility                   SAEC   

Sufficient functional survey meters are available for each field site 

operation? 

Yes  

Area exposure rate surveys are performed at appropriate intervals? Yes  

Surveys for removable contamination conducted as required?   

Is it evident that workers always use a survey meter at the conclusion of 

every exposure to confirm that the radioactive source has been returned to its 

container or, for unsealed sources, that contamination is within prescribed 

limits? 

  

Records of calibrations, contamination surveys, etc. maintained? Yes  

Comments:   
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6 PERSONNEL RADIATION MONITORING 

Radiation protection program with ALARA provisions; dosimetry; exposure 

evaluations; dose and survey records and reports; notifications to workers] [BSS – 

Schedule II] 

 Yes No 

Licensee provides personal dosimeters to all radiation workers? Yes  

Dosimeter supplier is an authorized provider? Yes  

Name of provider   

Dosimeters provided are appropriate for the radiation type and energy? Yes  

Dosimeters are exchanged at the prescribed period? Yes  

Dosimetry reports are promptly reviewed by the RPO? Yes  

Is it evident that personal dosimeters are being worn by workers? Yes  

Individual workers are informed of their monitoring results when each 

monitoring report is received (regardless of the dose measured)? 

Yes  

Does the licensee apply ALARA to occupational exposure? Yes  

Bioassay program has been established and is implemented as appropriate?  NO 

Personnel monitoring records (including bioassay results) are maintained?   NO 

Inspector reviewed personnel monitoring records for the period from  to  

Comments (include the maximum doses to workers during this review period)   

Provide by France facility for schelumberger and Chinese facility for 

CNLC 

The dosimetry service use Thermo Luminescent dosimeter (TLD) and direct 

reading dosimeter (DRD) 
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7-TRANSPORT OF RADIOACTIVE SOURCES 

IAEA Regulations for the Safe Transport of Radioactive Material - Safety Standard 

Series No. TS-R-1 

 Yes No 

Licensee ships radioactive material? Yes  

Authorized packages used? Yes  

Packages properly labeled and marked? Yes  

Licensee’s vehicles, if used for transport, comply with regulations?  NO 

Shipper’s declaration papers have correct details and used when shipping 

sources? 

Yes  

Comments   
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