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ABSTRACT

This study was conducted primarily to evaluate occupational radiation dose in industrial 

radiography during radiographic testing at Balila - Hadida, with the aim of building up baseline 

data on radiation exposure in the industrial radiography practice in Sudan. Dose measurements 

during radiographic testing were performed and compared with IAEA reference dose In this 

research the doses measured by using hand held radiation survey meter and personal monitoring 

dosimeter. The results showed that radiation doses ranged between minimum (0.448 mSv 

/3month), and maximum (l.838mSv /3month), with an average value (0.778mSv/3 month), and 

the standard deviation 0.292 for the workers used gamma mat camera .

the Analysis of the data showed that the radiation dose for all radiation worker arc receives 

less than annual limit for exposed workers 20mSv/ycar and compare with other study found that 

the dose received whole body doses ranging from 0.1 to 9.4 mSv/year, Work area design in all 

the radiography site followed the three standard rules namely putting radiation signs, reducing 

access to control area and making of boundaries. Thus the accidents arising from design faults 

not likely to occur at these site.. Results suggest that adequate fundamental training of radiation 

workers in general radiography prior to industrial radiography work will further improve the

standard of personnel radiation protection.
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س الدراسة مستخلع

ة هذه س را د ل ت ا ري ج سأ أ سا م أ ي ي ق ت ة ل ع ر ج ل ة ا عي عا ش إل ن ا ي ي هن م ل ء ل ثنا ة أ ي مل صغوير ع ى الت ع ا صن ع في ال و ر ش  م

ة يل ن ده ب ة بناء بهدف حدي د ع ا ت ق نا ا ي ض ب ر ع ت ل ى ل ع عا ش إل ة فى ا س ر ما ر م وي ص ى الت ع صنا ن فى ال دا و س س ال  وقيا

ة ع ر ج ن ء ا ثنا ر أ وي ص د و الصخناعى الت ت ق ري ج ت أ سا ا ي ة وقورنت ق ع ر ج ة ب عي ج ر م ل ة ا ل ا ك و ل ة ل ي ول د ل ة ا ق طا  لل

ة ري ب ل ضا ا ي ن وا ل م ال ة خ س را ة د ق ب سا

ث هذا وفى ح م الب س ت يا ة ق ع ر ج ة ال عي عا ش إل م ا دا خ ست ا ز ب ها ح ج س ى م ع عا ش ل إ و م ح ز م ها ج ة و ب ق را ة م ردي  ف

ت ح ض و ج وأ ان ت ن ل ن ا ت أ عا ر ج ح ال و را ت ن ت ة م م ي ي 0.448 ( دنيا ق ا مل ت ر ف ي ر3س ه ة , )ش م ي ق ا و ي ش 1.838 ( عل  م

ت ر ف ر3/سي ه ه ش م ي ق وي ط ) س و ي ) 0.778 ( مت ت مل ر ف ر3/سي ه ن )ش مي عا ل ن ل زي و ال م د خ ست ز ا ها را ج  كامي

ت ما ا م ر د ه ظ ل وأ ي حل ت ت نا ا ي ب ل ن ا ة أ ع ر ل ج ن ك ي مل عا ل ر فى ا وي ص ى الت ع ا صن ي ،ال ق ل ت ل ت ق ن أ حد م ي ال سنو  ال

ض ء٦٦5٧/٧63٢20 ر ع ت ل ل ما ع ل ا ا ه ت رن ا ق م ع و ت م سا را ى د ر خ ت أ د ج ن و ة أ ع ر ة ج ي ق ل ت م ل ن ا ي مل عا ل ت ل عا ر  ج

سم ج ه ال ح كل و را ت ت

ي 4,9-1,0 ت مل ر ف ة ا سي ع ،سن ب ت م ي ي م ص ة ت طق ل من م ع ل في ال ع ك وق ر م وي ص لت ي ا ع عا ش ل د ا ع وا ق ل الثة ا  الث

ة سي ا ي ق ل ع وهي ا ض ت و ما ال ع ع عا ش ال ل ا م عا ت ل ل وا الق ت( ا وق ل ق في )ا ط رة منا ط سي ل م ا سي ق ق وت ط منا ل رة ا صو  ب

زا المثلي ك ه ن ر ث فا د وا ح ل ة ا م ج ا ن ل ن ا ء ع طا خ س ا ن لي ح م ج ر م ن ال ث ا د ح ع هده في ت ق وا م ل ر ا شي ج وت نتائ  ان ال

ن الكافي التدريب ي مل عا ل ر في ل وي ص ي الت ع عا ش ال ل ا ل قب م ع ر في ال وي ص لت ي ا ع صنا ف ال و د س زي ن ت ن م سي ح  ت

ما في لعاملين١ ح ة١ال ة ي عي عا ش ال .ا
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1.1 Industrial Radiography

In Industrial radiography The beam of radiation must be directed to the middle of the section 

under examination . The specimen to be inspected is placed between the source of radiation and 

the detecting device, usually the film in a light tight holder or cassette, and the radiation is 

allowed to penetrate the part for the required length of time to be adequately recorded.

The result is a two-dimensional projection of the part onto the film, producing a latent image of 

varying densities according to the amount of radiation reaching each area. It is known as a 

radiograph, as distinct from a photograph produced by light. Because film is cumulative in its 

response (the exposure increasing as it absorbs more radiation), relatively weak radiation can be 

detected by prolonging the exposure until the film can record an image that will be visible after 

development. The radiograph is examined as a negative, without printing as a positive as in 

photography. This is because, in printing, some of the detail is always lost and no useful purpose 

is served.

In case the thickness of test pieces Increased over 60 mm the capability of Radiography-test to 

detect oriented defects such as cracks or lack of fusion is greatly reduced; became seriously 

reduced[l].The mandatory test for the qualification of welding procedure and welder 

qualification. Another large application of Radiography test is the examination of castings. 

Shape, coarse grains, position of defects, poor reflectivity or discontinuities need to perform 

extensively Radiography test to guarantee the integrity of the material.

1.2 Principle of radiography
Radiography basically involves the projection and penetration of radiation energy through the 

sample being inspected. The radiation energy is absorbed uniformly by the material or 

component being inspected except where variations in thickness or density occur. The energy not 

absorbed is passed through to a sensing medium that captures an image of the radiation pattern. 

The uniform absorption and any deviations in uniformity are subsequently captured on the 

sensing material and indicate the potential presence of a discontinuity. When x-rays or Gamma
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rays pass through the specimen the intensity reduces due to attenuation of the rays[2].The 

reduction in radiation intensity on penetrating a material is determined by the following 

reactions:

Photoelectric effect 

Compton effect 

Pair production.

The intensity of the rays coming out of the specimen is given by the following equation:

I = loe-Ut
(1)

Where: I = Intensity of the transmitted radiation.

Io = Intensity of incident radiation. |a = Linear absorption coefficient of the material through 

which radiation passes. It depends on energy of radiation and atomic number of material, 

t = Thickness of specimen in radiation direction.

The above equation is true for narrow beam geometry (very good beam collimation) usually not 

encountered in practical applications. But practically besides the primary radiation also scattered 

radiation exposes the film. This additionally exposure (additionally film blackening) can be 

considered for example by an additionally “build-up factor”. This is defined as:

I = Be - Lll (2)
Where B is the “Build-up Factor”, considering the contribution of the scattered radiation. But 

this concept implies a constant scattering background like it is valid for fiat plates and weld 

inspection. This concept is not applicable to the pipe inspection with it very large range of 

penetrated wall thicknesses [3]. Since the amount of radiation emerging from the opposite side of 

the material can be detected and measured, variations in this amount (or intensity) of radiation 

are used to determine thickness or composition of material. Penetrating radiations are those 

restricted to that part of the electromagnetic spectrum of wavelength less than about 10 

nanometers. In industrial radiography the usual procedure for producing a radiograph is to a 

source of penetrating (ionizing) radiation (X-rays and gamma rays ) on one of the side of the 

object to be examined and detector of radiation (the film) on the other side as illustrated in figure 

(1.1).
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Figure (1.1) Diagram of typical radiography test setup
Transmission of radiation through a component produces an image on film that is readily 

interpretable, revealing spatial and density variations. These images are traditionally recorded on 

sheets of film, although increasingly film is being replaced by solid-state dctectors[4]. When 

there is a discontinuity in the material, for example, a void or crack, the radiation absorption 

through that section is reduced and more radiation passes through the material, giving rise to 

contrast on a film or a variation in signal on a detector. Indeed, radiography is often referred to as 

a volumetric inspection because it gives a projected picture of the internal structure of a 

component. The thickness of a component that can be inspected and through which an image can 

be recorded depends on the shielding properties of the component material and the energy and 

intensity of the radiation. The shielding properties depend on the atomic mass of the component 

material and the energy of the radiation. Lead shields radiation very strongly (it has a high 

atomic number), allowing inspection of only thin components. Concrete is a much less effective 

shield for gamma and x-rays because it is composed of lower-atomic-number elements and so 

can be examined in thick sections. The level of energy of the radiation must be well chosen so 

that sufficient radiation is transmitted through the object on the other detector, the detector is 

usually a sheet of photographic film, held in light tight envelope or cassette having a very thin 

front surface that allow the x-rays pass through easily. Before commencing a radiographic 

examination, it is always advisable to visually examine the component, to eliminate any possible 

external defects. If the surface of a weld is too irregular, it may be desirable to grind it to obtain
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a smooth finish, but this is likely to be limited to those eases in which the surface irregularities 

(which will be visible on the radiograph) may make detecting internal defects difficult. After this 

visual examination, the operator will have a clear idea of the possibilities of access to the two 

faces of the weld, which is important both for the setting up of the equipment and for the choice 

of the most appropriate technique.

1.3 Common types of ionizing radiation used in Industrial Radiography
Two common types of electromagnetic radiation are used to perform radiographic inspection, X- 

rays and gamma rays. X-rays and gamma rays differ only in their source of origin. X-rays are 

produced by an x-ray generator and gamma radiation is the product of radioactive atoms. They 

are waveforms, as are light rays, microwaves, and radio waves. X-rays and gamma rays cannot 

been seen, felt, or heard. They possess no charge and no mass and, therefore, are not influenced 

by electrical and magnetic fields and will generally travel in straight lines. However, they can be 

diffracted (bent) in a manner similar to light.

Both X-rays and gamma rays can be characterized by frequency, wavelength, and velocity. 

However, they act somewhat like a particle at times in that they occur as small "packets" of 

energy and are referred to as "photons." Electromagnetic radiation has also been described in 

tenns of a stream of photons (mass less particles) each traveling in a wave-like pattern and 

moving at the speed of light.

Each photon contains a certain amount (or bundle) of energy, and all electromagnetic radiation 

consists of these photons. The only difference between the various types of electromagnetic 

radiation is the amount of energy found in the photons. Due to their short wavelength they have 

more energy to pass through matter than do the other forms of energy in the electromagnetic 

spectrum. As they pass through matter, they are scattered and absorbed and the degree of 

penetration depends on the kind of matter and the energy of the rays.

1.4 Gamma rays

Gamma radiation is the product of radioactive atoms. Depending upon the ratio of neutrons to 

protons within its nucleus, an isotope of a particular element may be stable or unstable. Over 

time, the nuclei of unstable isotopes spontaneously disintegrate, or transform, in a process known 

as radioactive decay. Various types of radiation may be emitted from the nucleus and/or its
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surrounding electrons when an atom experiences radioactive decay. Nuclides which undergo 

radioactive decay are called radionuclides. Any material which contains measurable amounts of 

one or more radionuclides is a radioactive material radioisotopes are used for industrial 

radiography. Man-made sources are produced by introducing an extra neutron to atoms of the 

source material .For example, Cobalt-60 is produced by bombarding a sample of Cobalt-59 with 

an excess of neutrons in a nuclear reactor. The Cobalt-59 atoms absorb some of the neutrons and 

increase their atomic weight by one to produce the radioisotope Cobalt-60. This process is 

known as activation. As a material rids itself of atomic particles to return to a balance state, 

energy is released in the form of Gamma rays and sometimes alpha or beta particles. Physical 

size of isotope materials will very slightly between manufacturer, but generally an isotope is a 

pellet that measures 1.5 mm x 1.5 mm. Depending on the activity (curies) desired, a pellet or 

pellets are loaded into a stainless steel capsule and sealed [5]. Unlike X-ray tubes, radioactive 

sources provide a continual source of radiation that cannot be turned off. Once radioactive decay 

starts, it continues until all of the atoms have reached a stable state. The radioisotope can only be 

shielded to prevent exposure to the radiation. And the most radionuclides that used in industrial 

radiography are shown in the table below.

Table 1-1: Properties of Gamma-Emitting Radioactive Isotopes Most Commonly Used in 

Industrial Radiography.

H  •,' V * *  : y y  \  r  r_M. ^  M  -  , v f  t "  n  1 ' i t .  '  T ' : !  w  v  •• ' V i  * * * ' '  ’ . W  P i t f  ( \ w  • i  w n ^ ' 7 ;  ' l l  *  4  i 1 ‘  “- W  '* ' "  :  • t . • - * l . • -  r  ■ * i  « j , r  • u ,' t ■■ ■■ ‘t • n  ‘  • 1 •. ’(  *  s ; -  • • • -  -  f  , 4 t  M  l -  *  ** • I  r T - . .  t  tr-w n  K  ,• V  V ' 1* f ;  1 i  : ‘ '•  &  ••' - > • ' 4 *  . . i f - n - r  * •* I

!  , v  V i  j o j ?  i - \ i v 4  S i m > $ i  \  t w  y y * ] t ? ■ f t  * 3  * ? £ \ ' i  ; > i

t - ' . r j  r  *. -• -i  I n .  ■ » ;  t i l  i 1 *1 1 ■" tit* . ~ i i n  » j . r  « i  • * >  4 \ >:■ U  *• .  ^ ' l J  ' 0  r i i  t p ’  > i v  i  1  ^  1 • . ^ - 0 |  ■ • • M  (i* f  ; / ■ > » >  n< ^

Cobalt-60 1.250 5.3 yr

Iridium-192 1 380 74 d

Selenium-7 5 217 120 d

Ytterbium-169 145 32 d

One parameter widely used in the industry to measure the penetration of gamma- and x-ray 

radiation having a given energy is the half-value thickness (HVT), which is the thickness at 

which the radiation intensity has decreased to one-half through absorption and scattering 

processes. The half value is dependent on the energy of the incident irradiation and the density of 

the material. The majority of mobile gamma-ray radiography devices use iridium-192 sources, 

although there are a significant number of radiography devices using cobalt-60 sources. These
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latter sources require more shielding. Consequently, they are heavier and are not usually hand

held devices but nevertheless are mobile when mounted on a trolley. When the device is not in 

use, including during transport, the radiation source is contained within the camera in a depleted 

uranium shield so that external radiation is reduced to safe levels.

1.5 X-Rays

There are two different atomic processes that can produce X-ray photons. One process produces 

Bremsstrahlung radiation and the other produces K-shell or characteristic emission. Both 

processes involve a change in the energy state of electrons. X-rays are generated when an 

electron is accelerated and then made to rapidly decelerate, usually due to interaction with other 

atomic particles. In an X-ray system, a large amount of electric current is passed through a 

tungsten filament, which heats the filament to several thousand degrees centigrade to create a 

source of free electrons. A large electrical potential is established between the filament (the 

cathode) and a target (the anode). The cathode and anode are enclosed in a vacuum tube to 

prevent the filament from burning up and to prevent arcing between the cathode and anode. The 

electrical potential between the cathode and the anode pulls electrons from the cathode and 

accelerates them as they are attracted towards the anode or target, which is usually made of 

tungsten. X-rays are generated when free electrons give up some of their energy when they 

interact with the electrons or nucleus of an atom. The interaction of the electrons in the target 

results in the emission of a continuous Bremsstrahlung spectrum and also characteristic X-rays 

from the target material results in the emission of a continuous Bremsstrahlung spectrum and 

also characteristic X-rays from the target material.

1.6 Neutron radiography

Neutron radiographic testing (NR) is a variant of radiographic testing which uses neutrons 

instead of photons to penetrate materials. This can see very different things from X-rays, because 

neutrons can pass with ease through lead and steel but are stopped by plastics, water and oils. 

Neutron sources include radioactive (241 Am/Be and Cl) sources.

10



1,7 Main properties of X-rays and gamma-rays
X-rays and gamma-rays have the following properties in common:

• They are not detected by human senses .

• They travel in straight lines at the speed oflight.

• Their paths cannot be changed by electrical or magnetic fields.

• They can be diffracted to a small degree at interfaces between two different materials.

• They pass through matter until they have a chance encounter with an atomic particle.

• Their degree of penetration depends on their energy and the matter they are traveling through

• They have enough energy to ionize matter and can damage or destroy living cells.

1.8 Advantages and disadvantages of artificial radioactive sources

Advantages:

• require no electric power supply; easy to use in the field.

can be obtained in a range of source diameters, so that if necessary a very short souree-to-film

distance with a small diameter source can be used, for example, for pipes of small diameter.

• a wide variety of radiation hardnesses.

•.higher radiation hardness (more penetration power) than those of 

equipment can be selected.

conventional X-rav

Disadvantages:

• cannot be switched off.

• the energy level (radiation hardness) cannot be adjusted.

• the intensity cannot be adjusted.

• limited service life due to source deterioration (half-life).

• less contrast than X-ray equipment.
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1.9 Advantages and disadvantages of x-ray
Advantages of x-rays:

X-rays are used to treat malign tumors before its spreads throughout the human body.

They help radiologists identify cracks, infections, injury, and abnormal bones.

• They also help in identifying bone cancer.

* X-rays help in locating alien objects inside the bones or around them.

Disadvantages of x-rays:

• x-rays makes our blood cells to have higher level of hydrogen peroxide which could cause ceil 

damaae.

a higher risk of getting cancer from X-rays.

* The X-rays are able to change the base of the DNA causing a mutation.

12



Literature review

2.1 Gamma-rays

Gamma rays are of an electromagnetic nature. Gamma rays arise from the disintegration of 

atomic nuclei within some radioactive substances, also known as isotopes. The energy of 

gamma-radiation cannot be controlled; it depends upon the nature of the radioactive substance. 

Nor is it possible to control its intensity, since it is impossible to alter the rate of disintegration of 

a radioactive substance. Unlike X-rays, generated to a continuous spectrum, Gamma-rays are 

emitted in an isolated line spectrum, with one or more discrete energies of different intensities. 

Radioactive sources (isotopes) Natural radioactive sources:

The elements from this group which have been used for the purposes of industrial radiography 

are radium and mesothorium. These give a very hard radiation, making them particularly suitable 

for examining very thick objects.

A disadvantage of natural sources, next to their high cost, is that it is not possible to make them 

in dimensions small enough for good quality images and still give sufficient activity. Artificial 

radioactive sources for Nondestructive testing NDT are obtained by irradiation in a nuclear 

reactor. Since 1947, it has been possible to produce radioactive isotopes this way in relatively 

large quantities and in a reasonably pure state and particularly of sufficiently high concentration; 

the latter being extremely important in NDT because the size of the source has to be as small as 

possible[6]. . Among the many factors deciding a source suitability for non-destructive testing 

are the wavelength and intensity of its radiation, its half-life and its specific radiation. In fact, 

only a few of the many artificial radio-isotopes available have been found to be suitable for 

industrial radiography.

2.2 Properties of radioactive sources :

Activity (source strength)

The activity of a radioactive substance is given by the number of atoms of the substance 

which disintegrate per second.This is measured in Becquerels (Bq), 1 Becquerel corresponds to 

1 disintegration per second(l Bq = 1/s).



Specific activity

The specific activity of a radioactive source is the activity of this substance per 

expressed in Bq/g.

weight unit.

Specific gamma-rav emission factor (k-factor)

The k-factor is the generally used unit for radiation output of a source and is defined 

as the activity measured at a fixed distance. It indicates the specific gamma-emission 

(gamma constant) measured at 1 metre distance.

The higher the k-factor, the smaller the source can be for a particular source strength. 

A source of small dimensions will improve the sharpness of a radiograph.

2.3 Advantages of gamma rays compared with X-rays

• No electrical or water supplies needed.

• Equipment smaller and lighter.

• More portable.

• Equipment simpler and more robust.

• More easily accessed.

• Less scatter.

• Equipment initially less costly.

• Greater penetrating power.

2.4 Disadvantages of gamma rays compared with X-rays

• Poorer quality radiographs.

• Exposure times can be longer.

• Sources need replacing

• Radiation cannot be switched off

• Poorer geometric unsharpness

• Remote handling necessary

14



2.5 x-ravs1/

X-rays are just like any other kind of electromagnetic radiation. They can be produced in parcels 

of energy called photons, just like light. There are two different atomic processes that can 

produce X-ray photons. One is called Brcmsstrahlung and is a German term meaning "braking 

radiation." The other is called K-shell emission. They can both occur in the heavy atoms of 

tungsten. Tungsten is often the material chosen for the target or anode of the x-ray tube. Both 

ways of making X-rays involve a change in the state of electrons. However, Brcmsstrahlung is 

easier to understand using the classical idea that radiation is emitted when the velocity of the 

electron shot at the tungsten changes. The negatively charged electron slows down after 

swinging around the nucleus of a positively charged tungsten atom. This energy loss produces X- 

radiation. Electrons are scattered elastically and in elastically by the positively charged nucleus. 

The in elastically scattered electron loses energy, which appears as Bremsstrahlung. Elastically 

scattered electrons (which include backscattered electrons) are generally scattered through larger 

angles. In the interaction, many photons of different wavelengths are produced, but none of the 

photons have more energy than the electron had to begin with. After emitting the spectrum of X- 

ray radiation, the original electron is slowed down or stopped.

2.6 radiation worker

Worker: Any person, who works, whether full-time, part-time or temporarily, for an employer 

and who has recognised rights and duties in relation to occupational radiation protection (self- 

employed person is regarded as having duties of both an employer and worker).

Classified Workers

As an employer of radiation workers is required to designate as Classified any employee who is 

likely to receive a dose of ionizing radiation which exceeds three-tenths of any relevant dose 

limit. All Classified workers must be given medical examinations and the doses received by

them must be determined by personal monitoring. No employee under the age of 18 may be 

designated as a Classified as radiation worker.

15



RADIATION PROTECTION IN INDUSTRIAL RADIOGRAPHY

3.1 OBJECTIVES OF RADIATION PROTECTION AND SAFETY
The primary aim of radiation protection and safety is to provide appropriate standards 

of protection and safety for people without unduly limiting the benefits of practices giving rise 

to exposure.

This primary aim is expressed by the following objectives of radiation protection and safety [ni

"Protection objectives: to prevent the occurrence of deterministic effects in individuals by 

keeping doses below the relevant threshold and to ensure that all reasonable steps are taken to 

reduce the occurrence of stochastic effects in the population at present and in the future."'

"Safety objectives: to protect individuals, society and the environment from harm by

establishing and maintaining effective defences against radiological hazards from sources."

Industrial radiography sources emit X rays and gamma radiation which produce dose rates 

of the order of hundreds of milligrays per hour at one metre. These high dose rates at close 

distances can cause severe injuries such as radiation burns following exposures of a few seconds. 

Workers using such sources must achieve the protection objective to prevent doses arising from 

acute and chronic accidental.

exposures and unsafe work practices likely to cause injuries to develop. Safe work practices will 

protect not only the individual worker but also others in the vicinity and the public from serious 

consequences arising from the loss or uncontrolled use of these sources.

These radiation protection and safety objectives apply to the design, manufacture or construction, 

commissioning, operation, maintenance and decommissioning of exposure devices, sealed 

sources and fixed facilities for industrial radiography. They also apply to the development, 

application and review of all operating procedures. The Basic Safety Standards (BSS) arc 

internationally harmonized safety standards that establish requirements for the protection of 

health and the minimization of danger to life. The BSS establish basic requirements for 

protection against the risks associated with exposure to ionizing radiation and for the safety of
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radiation sources that may deliver such exposure, to be fulfilled in all activities involving 

radiation exposure. They indicate the different aspects that should be covered by an effective 

radiation protection programme [8], The IAEA publication provides information on methods that 

can be used to ensure radiation safety, specifically in industrial radiography.

Adherence to the requirements of the BSS will:

(a) Ensure that during normal operation, maintenance and decommissioning, and in emergency 

situations, the radiation exposure of both workers and the public is kept as low as reasonably 

achievable, economic and social factors being taken into account (ALARA principle):

(b) Ensure that during normal operation, maintenance and decommissioning, and in emergency 

situations, the radiation exposure of both workers and the public is kept below the relevant dose 

limits given in the BSS;

(c) Ensure that the probability of events giving rise to significant exposures and the magnitude of 

such exposures are kept as low as reasonably achievable, economic and social factors being 

taken into account. Several points or concepts need to be considered in radiation protection 

programmes:

(a) The sources, exposure devices and facilities need to be of such a design that faultless 

operation is ensured as effectively as possible. The design includes sufficient safety systems to 

prevent, detect and respond to deviations from normal operating conditions, considering good 

engineering practice and concepts of redundancy, diversity, independence and quality assurance. 

This requires that exposure devices and facilities be routinely reviewed and inspected as part of a 

formal maintenance programme to ensure continued safe operation. Quality assurance 

programmes are established to review and assess on a regular basis, the effectiveness of the 

overall radiation protection programme and the implementation of the radiation safety 

requirements.

(b) A safety culture is fostered and maintained among all workers involved in the industrial

radiography , from the policy makers and managers of operating org to the

radiographers. This is necessary to encourage a positive attitude towards protection and safety 

and to discourage complacency.

(c) Industrial radiography is performed in compliance with dose constraints.

(d) Workers have appropriate qualifications and training.

17



e) There are available safe operational procedures for both routine, non-routine and accident

situations.

(f) A means is provided for detecting incidents and accidents including those in which human 

eirors were a contributory factor. Exchange of experience and feedback from operational 

practice is important between all relevant parties involved directly and indirectly in the sate 

performance of radiographic techniques especially between operators and manufacturers. An 

analysis of the causes and lessons learned will reduce as far as reasonably practicable the

Lontribution of human error to future accidents and other events that could give rise to exposures.

These considerations should be included in the design of radiographic sources and devices, 

development and conduct of theoretical and practical training programmes, emergency and

survey equipment, and in the development of regulatory requirements and operatin 'OS.

The IAEA Safety Report on Accidents in Industrial Radiography and Lessons to be Learned 

reports previous accidents, the lessons learned from them and the preventive actions.

3.2 SITE RADIOGRAPHY PROCEDURES

Most radiography is performed on-site and is influenced by a number of site specific conditions. 

Planning for safe operation includes consideration of the location, proximity of members of the 

general public, weather conditions, time of day, and work at height, in confined spaces or under 

difficult conditions. Owing to these conditions, site radiography needs to be performed with 

more than one radiographer.

3.3 BOUNDARY OF CONTROLUED AREA
Site radiography needs to be done in an area where specific protection measures and safety 

provisions are in place, he. in an area designated as a controlled area. The boundary of the 

controlled area is to be set at a dose rate contour which is appropriate under the prevailing 

circumstances and specific exposure times and is authorized by the Regulatory Authority. This 

dose rate contour has to be set at a value ensuring that outside the controlled area the annual dose 

limits for the public are not exceeded, account being taken of nature and frequency of site 

radiography at a specific site use as well as occupancy factors where allowed. The boundary dose 

rates when collimators are used are typically in the range of 7.5 to 20 pSvdi-1.
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The boundary dose rates are typically in the range of 50 pSvh-l when it is not possible to use a 

collimator. The transient dose rates during radiography source wind out operations will exceed 

these values. However, transient dose rates usually do not present a radiation protection problem 

as they occur only briefly. The boundary of the controlled area has to be demarcated: when 

reasonably practicable, this is done by physical means. This may include using existing 

structures such as wmlls, using temporary barriers, or cordoning the area with tape. A typical set

up is illustrated in Fig 3.1

SDecime

i ir\/Q\/

Fig 3 .1: radiography site set-up

3.4 Warning notices
Notices are displayed at the controlled area boundary at suitable positions. The notices bear the 

international radiation trefoil symbol, warnings and appropriate instructions in the local 

language.

3.5 Warning signals
In all cases adequate warning is to be given. Visible or audible signals or both are used where a 

radiographic source is exposed or an X ray machine is energized and surveillance is 

compromised. The use of visible and audible signals will help to reduce the likelihood of 

accidental exposures to radiation.
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3.6 Patrolling and monitoring the boundary
Before the start of radiographic work, the area is to be cleared of all people except for authorized 

personnel. The boundary should be clearly visible and well lit and continuously patrolled to 

ensure that unauthorized people do not enter the controlled area. If the boundary is large, or if it 

cannot be seen from one position or not secured by physical means, more than one person will 

need to patrol the area. The dose rates at representative points at the boundary are to be cheeked 

during radiography, particularly when the position of the radiography within the area or the 

direction of the radiation beam is changed.

3.7 SHIELDING
Shielding reduces both the size of the controlled area and the radiation doses received by 

radiographers. Shielding in the form of collimators is designed so that the radiation beam is 

primarily in the direction necessary for radiography. Collimators are made from depleted 

uranium (DU), tungsten or lead and give shape to the beam; beam shapes range from conical to 

panoramic-annular. Collimators are supplemented with other forms of additional local shielding 

such as lead shot, sheets and bricks. Whenever it is possible to take advantage of existing 

shielding, such as walls, vehicles or shielded enclosures or similar structures to reduce radiation 

dose levels, radiography personnel need to arrange the disposition of the equipment and parts 

within the shielding afforded. Site radiography conditions are still applicable.

3.8 Supervised Area
A supervised area may need to be designated outside the shielded enclosure where the conditions 

do not constitute a controlled area but where occupational exposure conditions need to be kept 

under review. Specific protection measures and safety provisions are not normally needed for a 

supervised area. In establishing supervised areas associated with any shielded enclosure, the 

operating organization, taking into account the nature and extent of radiation hazards, has to:-

1. delineate the supervised areas by appropriate means;

2. display approved signs at appropriate access points to supervised areas; and

3. periodically review the conditions to determine any need for protective measures and 

safety provisions or changes to the boundaries of supervised area.
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MATERIAL AND METHODS

4.1 Radiographic camera
The industrial radiographic processing has been done by using two types of radiographic camera, 

gamma Tech/ops and gamma mat in these cameras the sealed source is stored and used within a

specifically designed exposure device that incorporates safety devices and features designed U

reduce the risk of human error or equipment malfunction. Gamma radiography equipment 

utilizes a high activity sealed source 48Ci, 65Ci respectively housed in a shielded exposure 

device. The source remains in the shielded exposure device when not in use. The source is

exposed by remotely moving it from the shielded exposure device by using push-pull wires

directly into an attached guide tube. It remains in the guide tube for the desired exposure time, 

after which it is wound back into the shielded exposure device. Equipment used for gamma 

radiography typically consists of a remote wind-out mechanism (often called a vcrank'). 

connected to the radiography source (often called a ‘pigtail’) inside a shielded exposure device, 

which is connected to the guide tube. The design and operation of these various components are 

interrelated. Safety should not be compromised by using components that do not meet the 

original design specifications [9]. The sealed source is to be stored in a safely shielded location 

within the specially designed exposure container. The sealed source is usually attached to a 

control cable, source holder or source assembly and has appropriate permanent markings. The 

exposure device should display a durable fireproof label or tag bearing information about the 

radioactive source that it currently contains, including:

The chemical symbol and mass number of the radionuclide;

The activity on a stated date;

The identification number of the sealed source;

The identity of the source manufacturer.



Each exposure device should be permanently and clearly labeled with the following details:

• The international ionizing radiation symbol (trefoil)

• The word “RADIOACTIVE” in letters not less than 10 mm in height, together with brief 

warning in a language appropriate to the country of use.

The chemical symbol(s) and mass number of the radionuclide(s) for which the exposure 

device is suitable “ Ir-192”.

The maximum source activity permitted in the exposure device, quoted for each 

radionuclide for which the exposure device is suitable;

The international standard (ISO 3999 ) or equivalent national standard to which the 

exposure device and its accessories conform;

The name of the manufacturer, the model number and the serial number of the exposure 

device;

The mass of the depleted uranium shielding, where relevant, or the indication “Contains 

depleted uranium”;

The operator’s name, address and telephone number [10].

Requirements for projection type containers

• Proper coupling between source assembly and the control cable

• Automatically secure of source in shielded position

• Protecting covers around connecting fittings or safety plugs

• Guide tubes shall have a closed end

• Drive cables shall have sufficient length

• Radiation levels: < 2 mSv/h at surface and < 0.1 mSv at 1 meter

• Ancillary equipment should be compatible
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Label on Exposure Container

* Ionising radiation trefoil symbol

• “Danger - Radioactive Materials'’

• Chemical and mass number of the Radionuclide

• Maximum source activity

• Model and serial number

• Licensee name and address

Requirement for Gamma Shielding Materials

• High specific mass

• High Z material

• Depleted Uranium or Tungsten

• Lead would make exposure container to big.

42 Ancillary equipment

Ancillary equipment used with an exposure device includes the control housings, guide tubes 

and collimators. The equipment should meet the requirements to meet standard or an equivalent 

national standard. Each model of exposure device will have its own specific ancillary 

equipment. The ancillary equipment should be compatible with the specific exposure device and 

source assembly with which it is intended to be used, to avoid incidents. Any uncertainties about 

compatibility should be checked with the relevant manufacturer[l 1].Ancillary equipment such as 

control cables and guide tubes are available, to maximize the distance between the radiographer

and the source. Typical lengths are 7 m for control cables and 2 m for guide tubes. The devices

should not be operated with control cables and guide tubes that are longer than the 

manufacturer’s recommendations. A definitive action by the radiographer is necessary to expose 

the source. The source is to be exposed only to the extent that is necessary to produce

23



a satisfactory radiograph. After the radiographic exposure, the source is to be returned to its safe 

stored position and radiographic camera is shown in figure (4.1) below.

Fig (4.1) Radiographic camera

4.3 Collimator
Collimators are used to reduce the radiation beam in some directions. They should be used 

whenever possible, to reduce radiation levels and subsequent doses. Collimators are usually 

manufactured from lead, tungsten or depleted uranium, and they may provide either panoramic 

or directional beams. The operating organization should ensure that the collimators arc 

compatible with the source assembly, so as not to cause the source to jam. Collimators are 

essential component of Industrial Radiography set up as they provide radiation safety to the 

operating personnel and general public at large by directing the emerging radiation beam to the 

useful area of exposure.
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RESULTS,DISCUSSION & CONCLUSION

5.1 RESULTS

The protection of personnel using ionizing radiation for industrial radiography is essential to 

minimize early and late effects of exposure. In this study all industrial radiography personnel 

were provided with radiation monitoring devices during work pocket dosimeters. Knowledge of 

the radiation dose is important to ensure that the recommended dose limits for radiation workers 

are not exceed the international dose recommended levels of 20 mSv annual limit for exposed 

workers.

Table 5.1 presents the data of the dose measurements as recorded for twenty live radiation 

workers who were provided with monitoring devices pocket dosimeters during the industrial 

radiographic processing. It is observed that the dose received by the radiation workers during the 

period three month, the maximum value is 1.838mSv,the minimum value is 0.448 mSv, the 

mean value is 0.778mSv and the standard deviation 0.292 (descriptive statistics of the dose

measurements as shown in table (5.2) and distribution of dose measurements 

(5.1).

in f i g u r e
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Table 5.1 The occupational radiation dose

1 NDT1 0.78

2 NDT2 0.87

3 NDT3 0.56

4 NDT4 0.58

5 NDT5 0.669

6 NDT6 1.181

7 NDT7 0.67

8 NDT8 0.84

9 NDT9 0.818

10 NDT10 0.62

11 NDT11 0.448

12 NDT12 0.561

13 NDT13 0.91

14 NDT14 0.59

15 NDT15 0.744

16 NDT16 0.81

1 7

NDT17 0.553

18 NDT18 1.838

1 9

NDT19 0.611

20 NDT20 1.262

21 NDT21 0.88

22 NDT 2 2 0.55

23 NDT23 0.64

2 4

NDT24 0.78

2 5

NDT25 0.68
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Table 5.2 descriptive statistics of dose data for ali workers

Min Max Mean Std
1
i1
\

0.448 1.838 0.787 0.292 jt
\

distribution of dose measurements presented in figure (5.1)

27



.Analysis of the data showed that the radiation dose for all radiation worker are receive less than 

annual limit for exposed workers 20mSv/year and compare with other studies found that the dose 

received whole body doses ranging from 0.1 to 9.4 mSv/year,.

Work area design in all the radiography site followed the three standard rules namely putting 

radiation signs, reducing access to control area and making of boundaries. Thus the accidents 

arising from design faults not likely to occur at these sites. Suppose that exposure of radiation 

workers and the public is minimized when the work area design is adequate.

5.2 Conclusion and Recommendation

the radiation dose for all radiation worker are receive less than annual limit for 

exposed workers 20mSv/year and compare with other study in Ireland.

It is important that lienee conditions are periodically reviewed taking into account 

experience from inspections and reported incidents so as to ensure that they continue to 

protect exposed workers as well as members of the public adequately.

Hiring and maintaining a well trained workforce and encouraging good work practice 

should ensure the protection of exposed workers and members of the public from 

exposure to ionizing radiation above dose limits.

Medical checkups of personnel should be done routinely especially alter radiation 

accident.

A study on the evaluation of occupational dose received by industrial radiography 

personnel is advised.
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