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ABSTRACT 
 
 
The aim of this work is to evaluate, through MCNPX simulations, several ways to minimize the scatter 
contribution in radiographic digital images of offshore pipelines. The influence of liquid inside the pipes and 
water surrounded the pipelines in the scatter contribution will be analyzed.  The use of lead screen behind the 
detector to reduce the backscattered radiation and filter between the radiation source and the pipes will be 
discussed.   
 
 

1. INTRODUCTION 
 
In order to guarantee the structural integrity of subsea oil plants it is crucial to monitor the 
offshore pipelines. Several non-destructive assay (NDA) techniques have been applied by 
conventional industry, but very few have been adapted for offshore use [1-4]. Computed 
radiography with Imaging Plate detectors is one of the most helpful techniques for the 
inspection of offshore ducts [1,2,5,6]. It has the potential to be used to perform inspection 
without costly removal of insulation material during operation of the plant, and it is also 
preferred because of lesser exposure time, no chemical processing, and lesser cost of 
consumables and advantage of a digital image output [1-6]. Due to the typically large 
diameters of offshore pipes, this kind of inspection is only viable if the double wall single 
image (DWSI) technique is used [1]. In this kind of projection radiography, the image quality 
relies on signals formed by uncollided (primary radiation) photon flux. However, due the 
presence of liquid (water) inside and outside the pipes, scattering becomes the main 
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component of the signal helping to reduce the visibility of discontinuities such as cracks, 
corrosion and wall thickness loss, and uncollided flux acts only like adding the details on this 
already existing signal level.  
 
Considering this, the aim of this work is to evaluate, through MCNPX simulations, several 
ways to minimize the scatter contribution in radiographic digital images of offshore pipelines. 
The influence of liquid inside the pipes and water surrounded the pipelines in the scatter 
contribution will be analyzed.  The use of lead behind the detector to reduce the backscattered 
radiation and filter between the radiation source and the pipes will be discussed.   
 

2. MODELED SYSTEM 
 
Figure 1 shows the layout of the test specimen modeled in this work for radiographic offshore 
inspection. The irradiated test specimen consists of a steel pipe with 254mm diameter,     
12.7mm thickness and 250mm length, containing artificial defects such as corrosion alveoli 
and stress corrosion cracking. The distribution and design of artificial defects on the reference 
pipe and their associated dimensions can be seen in figure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  Steel pipe configuration with corrosion 
alveoli and stress corrosion cracking. The holes 
correspond to the alveoli and the slots correspond 
to the cracks. 
 
 

The radiography technique applied in every simulation was the double wall single image 
(DWSI), with the source touching the adjacent wall [1]. The simulations reproduce a 0.3cm 
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diameter Iridium 192 (192Ir) source collimated into a cone by applying MCNPX’s source 
biasing variance reduction technique [7]. This technique allows a radiation source to be 
modeled as if it were collimated, without compromising the final result of the simulation [7]. 
The radiation beam was directed through the center of the pipe’s cross section. To promote 
adherence between the pipe and the detection system, 5.0mm thick polyurethane was utilized 
in all simulations. The detector was placed diametrically opposite to the radiation source and 
in close contact with the polyurethane layer. During the simulation was considered the 
presence of water inside and outside the pipe. The DWSI technique layout and the 
radiography system can be seen in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

(b) 
 
 
Figure 2.  The DWSI radiography technique (a) 
and radiography system (b). 

 
The detector system used to detect photons emerging from the test specimen was a Point 
detector (tally F5), placed at 1.5 mm from the polyurethane layer and diametrically opposite 
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to the radiation source. This tally permits to get separately the uncollided photon flux and the 
scatter photon flux. In order to take into account the energy response of the BaFBr Imaging 
Plate detector, the methodology for digital radiography simulation developed by our group 
was utilized [8-10]. This methodology uses an energy-dependent point-wise function to 
modify the chosen tally response to photon absorption rate (absorbed energy) in a BaFBr 
Imaging Plate system.   
 
In order to evaluate ways to minimize the scatter contribution in radiographic digital images 
of offshore pipelines, different radiography setups containing attenuation materials were 
analyzed. They are the use of several lead thicknesses behind the detector to reduce the 
backscattered radiation in the water around the pipe, the use of several lead screen thickness 
under the image detector and finally the use of attenuator filter between the source and the 
pipe. The parameter analyzed in the simulations was the absorbed energy in Image Plate 
detector by uncollided photons and scatter photons. Figure 3 shows the most complete 
radiographic setup analyzed in this work.  
 
 

 
 

Figure 3. Radiographic setup containing an 
attenuator filter between the source and the pipe, a 
lead screen under the image detector system and a 
lead backscatter shield behind the image detector. 
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3. RESULTS  
 

Table 1 shows the absorbed energy in image detector by uncollided photon flux and scattered 
photon flux. In this simulated setup was considered only the presence of polyurethane layer. 
 
 

Table 1.  Absorbed energy in image detector 
considering  the presence of polyurethane layer. 

 
Material inside and outside the pipe Uncollided (%) Scattered (%) 

Air 38.00 62.00 
Water 8.41 91.59 

 
 
Table 2 also shows the absorbed energy in image detector by uncollided photon flux and 
scattered photon flux. In this setup was considered water inside and outside the pipe and 
different thickness of lead behind the detector for to shield photons backscattered in the water 
surrounded the pipe.  
 
 

Table 2.  Effect of backscatter shield in the image signal. 
 

Backscatter shied (mm) Uncollided (%) Scattered (%) 
0.5 20.23 79.77 
1.0 20.26 79.74 
1.5 20.24 79.76 

 
 
As can be seen in Table 1, there is an increase of 30% of the scatter contribution in offshore 
radiographic inspection due to presence of water.  
 
The comparison between Tables 1 and 2 shows that the presence of backscatter shield behind 
the image detector increase the contribution of uncollided photons, improving the quality 
image. The reason is the decrease of the scatter photon contribution in the detector due to 
shield of the backscattered photons in the water surround the pipe.  Therefore, the 
backscattered photons constitute the main cause of decrease of image quality in offshore 
inspections.  
 
Analyzing the thickness of backscattered shield, it was verified that the thickness variation do 
not influence significantly the uncollided and scattered contribution. Thus, 0.5mm in 
thickness of lead is sufficient to shield the backscattered photons in the water surround the 
pipe.     
 
The effect of lead screen under de image detector can be seen in Table 3 and the use of 1mm 
in thickness lead filter in front of the photon source can be seen in Table 4. 
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Table 3.  Effect of lead screen in the image signal. 
 

Screen thickness (mm) Uncollided (%)  Scattered (%) 
0.1 13.46  86.54 
0.2 14.17  85.83 
0.3 14.85   85.15 
0.4 15.61  84.39 
0.5 16.24  83.76 

 
 

Table 4.  Effect of lead screen in the image 
signal, considering the use of 1mm in thickness 
lead filter between the photon source and the 
pipe. 

 
Screen thickness (mm) Uncollided (%) Scattered (%) 

0.1 13.49  86.51 
0.2 14.23  85.77 
0.3 14.83  85.17 
0.4 15.74  84.26 
0.5 16.49  83.51 

 
 
It is observed in Tables 3 and 4 that the highest uncollided contribution was obtained for the 
0.5mm lead screen. As regard the presence of filter, the magnitudes of the uncollided and 
scattered contributions do not exhibit major differentiation. However, it is important to 
mention that simplest radiographic setups in offshore inspections are advantageous due the 
complexity of the environment where these pipes are commonly placed.  
 
Figure 4 analyzes the influence of lead screen in the magnitude of absorbed energy in the 
detector by uncollided, scattered and total photon contributions. In this simulated setup was 
considered water inside and outside the pipe and the presence of 0.5mm of lead behind the 
detector to shield the backscattered photons in the water surrounded the pipe 
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Figure 4.  Absorbed energy in the detector by 
uncollided, scattered and total photon 
contribution. In (a) without lead screen but with 
different thickness of lead backscattered shield, 
and in (b) with different thickness of lead screen 
and backscattered shield of 0.5mm. 
 

 
According to Figure 4(a), the thickness variations of lead backscattered shield do not 
influence the absorbed energy in the image detector. However, when comparing Figures 4(a) 
and 4(b) it is verified that the presence of screen lead increase significantly the absorbed 
energy in the image detector, mainly to scattered contribution.  
 
The lead screens decrease the scattered radiation contribution intensifying the uncollided 
radiation. It occurs due the lead screens easily absorb the scattered radiation, while leave to 
pass the uncollided radiation. Besides that, the scattered radiation which reaches the image 
detector has lower energy, helping its absorption in detector, what do not occur with 
uncollided radiation (with higher energy), as shown in Figure 5. 
 
  
 
 
 
 
 
 
 
 
 

(a) (b) 
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4. CONCLUSIONS  
 
 
 
 
 
 

Figure 5.  Sensitive BaFBr material’s response 
function. The values obtained were normalized 
by means of the fluence of photons emitted by 
the source [10]. 

 
 
Nevertheless, it can be seen from Table 2 and Figure 4(a) which the absence of lead screen is 
advantageous once there is a increase of uncollided radiation with relation to scattered 
radiation in offshore applications. In spite of this, it was also observed through Figure 4(b) 
that the presence of lead screen reduces significantly the exposition time due the higher 
photon absorption rate in image detector.  

 
4. CONCLUSIONS 

 
The radiography setup utilized in offshore pipelines is a complex multi-variable system 
where several attenuation materials such as polyurethane and lead are involved.  
 
The results show that any variations in density, thickness or absorption characteristics of the 
material lead to variations in the intensity and energy of the transmitted beam, and 
consequently variations in image detector response.  
 
The results also show which NDA simulations are useful to give insights on several 
phenomena, to inform the design and evaluation of experimental methods and to demonstrate 
the performance of such methods, at low cost. 
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