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Abstract 
Frequent NDT inspection in pipes seeks to assess if the pipe wall thickness has been altered (eroded/corroded) 
over time. Even the slightest change can affect the pipes’ ability to withstand pressures and meet relevant 
operation requirements. 
In this article we review various complications regarding wall thickness measurement when using Digital 
Radiography. We discuss the amount of material to be penetrated for good inspection, the Blooming Effect 
(penetration vs. saturation), the implications of magnification (distortion and Unsharpness) and more.  Methods 
to counter problematic aspects of the wall thickness measurement are suggested. 
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1.  Introduction – NDT Pipe Inspection 
 
One of the major field NDT areas is pipe inspection, which involves testing for corrosion and 
erosion as well as examining the quality of welds in pipes. Over time, corrosion from the 
outside, erosion from the inside in addition to pressure applied by gases or fluids flowing 
through a pipe may alter the pipe’s original wall thickness. Even a slight change in the pipe’s 
wall thickness can affect its ability to withstand pressures and to meet relevant, preset 
standards. This deterioration may cause accelerated creation of cracks and even total pipe 
collapse. Thus, the measurement of pipe walls (also known as Wall Thickness Measurement) 
takes on vital importance.  
 
In order to perform Wall Thickness Measurements, including pitting (external or internal 
pitting measurements), we can use one of the two following techniques: Tangential Technique 
and Double Wall Technique. 
 
The situation where there is a huge discrepancy between the minimal thickness of material to 
be penetrated for the outer wall identification, and the extensive amount of material to be 
penetrated for the inner wall identification creates a conflict in X-ray exposure/ dose (energy 
level and time) for each of these measurements. We discuss the problematic matter of 
measuring internal/external pitting as well. 
 
An analysis of these problems and the theory behind its solution methods are reviewed. A 
special solution when using Digital Radiography, which enables automatic grabbing of more 
than one image and gathering all the data necessary for exact tangential wall thickness 
measurement, double wall inspection, as well as automatic measurement calibration methods, 
is presented.  
 
 
2.  Pipe RT Methods 
The first is the Tangential Technique, which can measure the pipe diameter and the wall 
thicknesses, and in some cases even pitting in pixels (millimetres/inches). 



The second, called Double Wall Technique, is very useful when aiming to identify and 
measure wall loss, pitting, etc. In this case, we receive the final results in millimetres or inches 
but we conduct a comparison in order to measure differences in grey level. 
 
In these techniques, we measure different parameters; in the Tangential Technique we 
measure pixels, while in Double Wall Measurement we measure Grey Levels (intensity). In 
both cases, at the end we convert the data into a used measurement for the operator, either 
inches or millimetres. 
 

 
Figure 1. Tangential Measurement 

 
A widespread misconception regarding this technique is that the amount of material (for 
example steel) that must be penetrated is equal to double the thickness of one of the pipe’s 
walls. According to this assumption, if the pipe’s wall thickness is 3mm, then one would need 
to penetrate 6mm of steel to achieve accurate measurements. But in actual fact, this 
assumption is incorrect: When dealing with the outer wall, the thickness of steel requiring 
penetration is nearly zero. However, in the case of the pipe’s inner wall, the opposite is in fact 
the case. In order to acquire accurate measurements, many more millimetres of steel must be 
penetrated. 
 
In Figure 2, we can see an example of this phenomenon. A 2” pipe with 2.5mm wall thickness 
will necessitate the penetration of no less than 22mm of material – In other words, over 4 
times the two walls’ thicknesses needs to be penetrated in order to clearly see the inner wall of 
the pipe! 
 



 
Figure 2. Formula to measure thickness for penetration 

 
2.1 The Implications of Magnification 
Due to the pipe’s round shape and the work method connected to Tangential Measurement, 
(the wall thickness measuring points are on the top and on the bottom of the pipe center), by 
definition a distance is created between the measurement point and the DDA (Digital Detector 
Array) – distance b in Figure 3. 
 

 
Figure 3. The phenomenon of Magnification factor 

 
Two problems arise due to the distance between the DDA and the measuring point (b): The 
first problem is that the wall projection on the imager is larger than the actual pipe wall 
thickness. The second problem resulting from this distance is that the image gains 
Unsharpness. The farther the pipe is situated from the panel, the greater the Magnification 
effect will be and the more pronounced the resulting Unsharpness. The problem is 
compounded if the pipe is covered with insulation.  



This phenomenon gives rise to another problem – even in situations where the wall is visible. 
Unsharpness may make it even more difficult to discern where the wall actually begins and 
ends, due to the fact that the human eye is incapable of manually replicating the exact location 
of the beginning/end of the measurement.  In actual fact, it is almost impossible for the user to 
accurately manually locate the measurement point. But it is even more difficult to replicate 
this same measurement repeatedly over time or to achieve the same measurement by different 
operators. 

 
Figure 4. The phenomenon of Magnification factor 

 
We are offering an automatic method to resolve this problem: An object with predefined 
dimensions is placed on the same plane as the pipe’s centre (see Fig. 4), thereby enabling 
completely automatic calibration of the grabbed X-ray images. The only data that the user 
must enter into the software is the dimension of the object placed near the pipe.  As part of the 
portable Digital Radiography systems, we provide a steel sphere with a precise 1 inch (25.4 
mm) diameter for this purpose. The round shape effectively prevents projection distortions.  
 
Another option enabling automatic calibration of measurements is to use the pipe itself for 
this purpose. This method is only applicable if the user knows the exact diameter of the pipe 
and if the pipe’s outer layer is smooth and free of corrosion. The calibration and measurement 
process is also completely automatic when using the pipe itself for calibration purposes – the 
user needs to enter the pipe’s diameter size only once to generate the process. 
 
2.2  Overcoming Unsharpness 
Now we come to the phenomenon that accompanies Magnification – Unsharpness. How can 
this problem be overcome? To resolve this issue, we apply an automatic mathematical 
algorithm which systematically pinpoints the exact location of the inner and outer walls within 
the Unsharpness and accurately measures the distance between the two points. 



 
Figure 5. Automatic measurement of the pipe diameter and both walls 

 
2.3 The Oversaturation/Blooming Effect 
When dealing with pinpointing the exact place of the outer wall, we are forced to deal with 
another complication: Due to the fact that the amount of material requiring penetration is 
extremely low, we are likely to saturate the background and even some of the pipe material. If 
we significantly over saturate the background, we will encounter a phenomenon called 
“Blooming.” Blooming refers to a high saturation in the image background which “swallows 
up” grey areas and leads to distortions in the outer wall’s actual recognition, which can  result 
in false measurements of the wall thickness.  
 
Thus, we must deal with a situation where there is a huge discrepancy between the minimal 
material thickness of the outer wall as opposed to the extensive thickness of the inner wall.  In 
practical terms, we encounter a conflict between the large amounts of X-ray energy/dose 
necessary to penetrate the thick steel layer while at the same time trying to prevent the 
saturation on the outer wall’s thinner layer.  This task is hard to achieve with conventional X-
ray due to the heavy dose required to penetrate the large amount of material, often resulting in 
an oversaturated background.  When using Isotopes, it is easier to achieve good penetration of 
the pipe without saturating the background. This has lead to wide use of Isotopes for this 
purpose.   
 
In order to acquire accurate measurements, we must develop a method to identify the two 
meeting points - where the pipe begins in the outer wall and where the pipe ends in the inner 
wall. This algorithm must be suitable for most pipes (from the aspect of wall thickness, 
diameter, etc.) as well as for the use of various radiation energy sources. 
 
2.3.1 Countering the Over Saturation/Blooming Effect 
Due to the wide dynamic range of Digital Radiography and the unique capabilities of 
amorphous silicon DDA’s, in some cases it is possible to find the required energy level which 
will enable penetration of the inner wall without saturation of the surrounding area of the 
outer side of the same wall – all in a single image. This is usually achievable in small bore 
pipes with relatively low wall thickness, when using an Isotope (IR-192) X-ray source. 
However, when dealing with the use of conventional X-ray sources or a thicker wall 
thickness, the inner wall cannot be penetrated and recognized without saturating the 



surrounding area around the pipe, and the precise point sought on the outer wall is impossible 
to find due to over saturation.  
 
 In order to enhance flexibility and allow the use of Isotopes (IR-192) but at the same time 
increase the number of instances where it is possible to use a pulsed battery-operated X-ray 
source (with a dramatically reduced closure area) - thus enabling significant savings in terms 
of time and money - we have developed a procedure and supporting algorithm - Wall 
Thickness Macro - enabling the automatic acquisition of more than one image and the 
combining of all the data necessary to pinpoint the exact location of the outer wall without 
saturating the surrounding area.  At the same time, the system precisely identifies the relevant 
point on the inner wall. 
 

 
Figure 6. Wall Thickness Macro enables automatic and accurate measurements 

 
Our solution effectively reduces the number of instances where it is necessary to employ an 
Isotope (Iridium) source. This fact, in addition to the marked savings in time and money, 
ensures increased safety. There is no longer any need for night shifts or plant closures, or for 
special safety measures to protect operators and staff from exposure to high radiation levels. 

 
2.4 Tangential Technique and Pitting Measurement 
In this case, the term “pitting” refers to a wall loss in a very small or limited area. 
When attempting to measure wall thickness at the pitting site on the outer side of the wall 
(external pitting) or the inner side of the wall (internal pitting) using the Tangential 
Technique, we encounter a problem regarding how to clearly identify the exact location where 
the pitting measurement should be conducted. This is due to the fact that the X-ray image 
received does not contain a clean image of the pitting.  
 
In order to explain the reason for the unclear image of the pitting when using the Tangential 
Technique let’s study the following sketch (see fig. 7), which clearly shows that in the 
external pitting (and similarly in the internal pitting) we unavoidably penetrate some of the 
pipe material on the way.  
 



 
Figure 7. Some of the pipe material is unavoidably penetrated when trying to identify the pitting wall 

 

 
Figure 8. Pitting X-ray Images 

 
Another fundamental problem is that we need to position the pitting in an exact position, 
parallel (top or bottom) to the DDA imager due to the fact that if we mis-position it, the 
material projection will block out the pitting to the extent that we may totally miss it. 
In order to overcome the first problem of the “half-shadow” effect on the X-ray image of 
pitting, special algorithms have been developed which take these factors into consideration 
and calculation, and enable us to measure the pitting accurately within the limitations of the 
pipe’s diameter and wall thickness; this technique is generally more effective in small bore 
pipes with relatively thinner wall thickness.  
 
The second problem - when you cannot see the defect (internal pitting or when the pipe is 
covered with insulation) - is more acute. In this case we will need to apply trial and error, by 
taking X-ray shots and adjusting the positioning of the DDA imager and X-ray source until 
reaching the desired position. It seems probable that the right/easiest way to measure pitting is 
by using the Double Wall Technique. 
 
2.5 The Double Wall Technique 
In the Double Wall Technique, we measure the difference in Grey Level (intensity) rather 
than pixels (which is the type of measurement used in the Tangential Technique) between a 
known, clean place and a defect area. 
There are 3 parameters that participate in this calculation:  

1. The first parameter is pre-knowledge of the wall thickness of the pipe - due to the fact 
that we are dealing with Double Wall Technique, we use the measure of 2 walls. 



2. The second parameter is the absorption coefficient (µ), which is a unique number 
representing the combination of radiation energy and the material of the pipe. 

3. The third parameter is the pitting and wall loss area that we want to measure.  

In order to solve the equation, we must possess 2 of these 3 parameters. If the absorption 
coefficient (µ) is known and the clean pipe 2 wall measurements are also known, then we can 
automatically calculate the wall thickness left in the pitting area.  
It is important to be aware that because we are penetrating a double wall, we cannot know if 
the pitting is external, internal or a combination of multiple pitting.  
In the event that the µ is unknown at the time of the inspection due to energy change or an 
unknown exact material, we must first calculate the µ and only then continue with the pitting 
measurement itself. 
 
In order to calculate the µ we will need 2 known thicknesses of the same material that the pipe 
is made of. For calculation purposes, we will use the same energy level that will be applied in 
the course of the inspection itself.  
The µ calibration should be done once for as long as the inspection of pipes from the same 
material and the same energy level continues. For the length of the period that these 
conditions are maintained, we can use the same calculated µ. 
 

 
Figure 9. Pipe and its X-ray image for pitting measurements 

 
3.  Summary   
The examination of pipes’ walls is a central area in the NDT industry due to the fact that even 
a small change in the pipe’s wall thickness may have grave repercussions on the pipe’s ability 
to withstand pressures and meet preset standards.  
Two techniques are generally used to conduct wall thickness measurement – the Tangential 
Technique and the Double Wall Technique. Both of these techniques contain inherent 
obstacles that must be overcome in order to achieve accurate and reliable measurements. 
 
Vidisco’s  software enables  a fully automatic, intuitive and accurate Wall Thickness 
Measurement, while overcoming these related challenges. It serves as a user-friendly, optimal 
tool  for both Tangential and Double Wall Techniques, according to the user’s chosen method. 
The main contribution lies in the development of automatic processes which eliminate the 
user’s need to mark the measurement points manually. These automatic processes ensure 
accurate and consistent replication of the measurements even when they are performed at 
different times and by different users.  


