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ABSTRACT 

The main problems happen in industrial pipelines are deposite build-up, blockage, corrosion and erosion. 
These effects will give a constraint in transporting refined products to process or production points and 
cause a major problem in production. One of the techniques to inspect the problem is using gamma-ray 
pipe scans. The principle of the technique is gamma-ray absorption technique.  In this paper describes on 
the technical aspect to perform the pipe inspection in laboratory work. 

ABSTRAK 

Masalah utama yang berlaku dalam saluran paip di Industri adalah seperti mendapan, tersumbat, karat dan 
kakisan. Hasil dari masalah ini akan memberi kekangan dalam proses pengakutan produk dari suatu 
lokasi ke lokasi dalam loji pengeluaran.. Salah satu teknik untuk memeriksa masalah itu adalah dengan  
menggunakan teknik  imbasan paip sinaran gamma. Prinsip teknik ini adalah menggunakan teknik 
penyerapan sinaran gamma. Dalam kertas kerja ini kana  menerangkan kepada aspek teknikal untuk 
melakukan pemeriksaan paip yang dijalankan di dalam makmal. 
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INTRODUCTION 

In industrial pipelines at oil and gas, petrochemical and oleochemical plant normally facing problem in 
blockage, deposit build up and corrosion inside pipelines. There are many reasons problems occurred in 
industrial pipeline has a variety factors and produce obstruction of the free flow of transport material. 
Blockages or build-up material can seriously affect plant efficiency, pressure-drop through vessels, heat-
transfer characteristic plant and quality & yield of products [1]. Currently, the gamma-ray absorption 
technique is very useful to determine the extent and magnitude of deposit and scale build-up or blockage 
in pipelines. 

The deposit build-up creates of solids (e.g. coke, catalyst, fly ash, asphaltene, wax etc) on the wall of the 
pipeline is frequently a source of major plant problem. Location of deposit produces nucleation centers 
for pipelines. Even a partial blockage can seriously impair plant efficiency while a complete blockage 
may lead to crash shutdown. The reduction of the bore of pipelines by deposit build-up can also cause 



installed flow-materials such as orifice plates to function inaccurately. This paper presents the technical 
aspect in performing of gamma-ray scan at laboratory work. 

THEORETICAL CONSIDERATION 

The gamma-ray scan to investigate of deposit build up using radioisotope sealed source technology. The 
radioactive material remains encapsulated and a source housing with appropriate collimator was used to 
direct the beam to the pipe. The interaction of the radiation with the medium of interest produce changes 
in the intensity of the beam, which can be correlated, to the property of the medium. Radioactive sources 
used for pipeline investigation should be capable of penetrating the wall thickness of the pipe and the 
medium of interest. In practice this means that medium-energy gamma-ray emitter such as 133Ba is a good 
choice for the 8 inch and below and 137Cs for 10 inches and above pipelines [2]. 

Techniques involving gamma-ray absorption  is among those most commonly used in plant and process 
investigation [3]. Even setting to one side industrial radiography, which is an adjunct to most construction 
and maintenance operation, this category of technique constitutes a very significant proportion of all 
investigation involving sealed radioisotope sources [2]. 

Before going on to describe the application of gamma-ray absorption in the process of investigation, it is 
worthwhile taking a little time to review some of the key aspects of the phenomenon. The exponential 
form of the gamma-ray absorption characteristic is [3]; 

                                      I = Io
 e-µx                         (1) 

where I is the intensity of a beam of gamma ray with initial intensity Io, having traversed distance x. The 
linear absorption coefficient, µ, is constant for a given gamma ray energy and material composition. In 
practice, the condition under which Equation (1) is accurately applicable is seldom attained since, in 
general, we are only concerned with broad beam radiation. Under broad beam condition, the effects of 
radiation scattering that increases the amount of transmitted radiation above that predicted modify the 
attenuation in Equation (1). The attenuation than can be described by: - 

                                                 I =IoBe-µx                                     (2) 

where B is known as the ‘build-up factor’. The calculation of this ‘build-up factor’ has often very 
complex [4]. Fortunately, this is rarely required in practice since scattering effects can usually be allowed 
for by calibration. For many applications, it is convenient to write the absorption equation as: - 

                                             I =Io e-µ(eff )x           (3) 

where  µ(eff) is an effective linear absorption coefficient derived experimentally. 

For a beam of gamma ray of energy greater than about 200 keV, the mass absorption coefficient is 
approximately independent of elemental composition. In the case of low energy gamma radiation the 
absorption is strongly influenced by the atomic number of the absorbing medium, elements of high 
atomic number being the most effective absorbers [5]. 



Gamma-ray absorption techniques for process of investigation are essentially based upon Equation (3). In 
this technique, µ(eff) and x are constant, therefore, in the absence of any scale or deposits inside the pipe, 
the radiation intensity should be the same at any orientation of scanning point. In essence, this technique 
involves the positioning of a radiation source and a radiation detector on opposite sides of the medium of 
interest and relating the changes in the intensity of the transmitted beam to changes in the properties of 
the medium [6]. 

EXPERIMENTAL SETUP 

For the examination of pipelines using gamma-ray absorption technique, a Pipe Scan Jig was used. The 
construction of one such device is shown in Figure 1. The gamma-ray source and detector are fixed to the 
jig so that they are held at a constant distance apart when placed on either side of the pipe under 
investigation. Both span and arm length of the jig is adjustable so that the scanner is suitable for use over 
a wide range of pipe sizes.  

           In practice, the device is adjusted so that a suitable gamma-ray source and gamma-ray detector is 
positioned on opposite sides of a pipe diameter. The intensity of the radiation traversing the pipe, as a 
function of the scanning angle (which refers to the source position), is measured by a portable ratemeter. 

 

Figure 1: Pipe Scan configuration.  

Table 1 shows the parameter involved in the experiment. In this experiment the measurements have been 
carried out at the same location on position A. The type of sample and its properties to create deposit 
involved in this experiment is  shown in Table 2.   

Table 1: Experimental parameter setup 

Parameter Value 
High Voltage of NaI Detector 0.91 kV 
Pipe Thickness 0.62 cm 
Insulator Thickness  2.46 cm 
Diameter Pipe 11.45 cm 
Isotope Ba-133 2mCi 
Time measurement 6 sec 



Table 2: Samples of  deposit build –up  

Sample Mass (kg) Volume (ml) 
Sand 0.38 235 
Sludge 0.59 385 
Concrete 0.97 490 

 

The experiments were carried out with this procedure as mention below: 

• Stability test for detector, cable and ratemeter to get an optimum high voltage of NaI detector. 
• Air count before and after the measurement. To make sure the stability of electrical unit during 

measurement. 
• Measure the gamma ray intensity of clean pipe at A position in various degrees around the 

pipeline. 
• Measure the gamma-ray intensity of sample (deposit build-up) in various degrees around the 

pipelines. 

RESULTS AND DISCUSSION 

The µeff value of the build-up material was determined experimentally as shown in Table 3. In this 
measurement show that concentrate is high density compare sand and sludge. Furthermore, the gamma 
ray intensity of concrete is showing less count, compare sand and sludge. Figure 2 shows the result of 
deposit build up measurement on pipelines. 

Table 3: The density profile of samples 

Sample Density 
Sand 1.62 x 10-3 
Sludge 1.53 x 10-3 
Concrete 1.97 x 10-3 

 

From the graph in Fig. 2 shows that gamma ray intensity are lower count  at 0o and 180o position. This is 
due to a position where the samples are located and process of gamma-ray absorption from the samples.  
Meanwhile,  for position  90o and 270o, only concentre sample cover this angle and show the count is 
lower compare clean pipe. However, for sludge and sand samples didn’t show any change in gamma ray 
intensity due to sample not cover that angle. For angle 45o, 135o, 225o, and 315o the gamma-ray scatter 
effect shows the lower intensity of gamma-ray compares the results of clean pipe. 

 

 



 

Figure 3: Result of experiment. 

 

CONCLUSION 

The experiment carried out at laboratory show the capability to measure the deposit inside pipelines by 
using gamma-ray absorption technique. The result presents the high density profile of sample show the 
lower gamma intensity. In this experiment show the sample position and density of the sample is 
significant effect the reading of gamma-ray intensity.  
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