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Abstract. Corrosion is one of the industries major issues regarding the integrity of 
assets. Currently inspections are conducted at regular intervals to ensure a sufficient 
integrity level of these assets. Cost reduction while maintaining a high level of 
reliability and safety of installations is a major challenge. Dispersive guided wave 
modes carry information about the local wall thickness of a pipe. Moreover these 
waves can travel over quite long distances, making them suitable for efficient 
corrosion inspection. The challenge however is to translate the accumulative travel 
time change in case of corrosion to local wall thickness losses.  
 We present to schemes, one based on full tomographic reconstructions and a 
second one using a simplified phase mapping approach. Experimental results 
demonstrate the capabilities and limitations of both concepts. Tomographic 
inversion provides quantitative sizing of wall loss. If defects are sufficiently large, a 
sizing accuracy of ±0.5 mm can be achieved. The second approach is less accurate 
but can be deployed much faster, such that both methods are complementary. 

Introduction  

Corrosion is one of the industries major issues regarding the integrity of assets. Guided 
wave travel time tomography is a method capable of providing an absolute wall thickness 
map. This method is currently making the transition from the laboratory to the field. For 
this purpose a dedicated data acquisition system and special purpose EMAT sensor rings 
have been developed. The system can be deployed for permanent monitoring and for 
inspections. Field trials have been conducted on various pipes with different diameters, 
containing either liquid or gas.  The main focus has been on pipe supports. The results 
demonstrate the successful operation of the technology in the field. Expected corrosion 
damage was clearly visible on the produced results enabling asset owner to make calculated 
decisions on the pipelines safety, maintenance and operations. 

1. Wall thickness profiling 

The main idea is to deploy a transmitter/receiver transducer (EMAT) at the 12 o’clock 
position of a pipe and perform a scan in the axial direction (see Fig. 1). A highly dispersive 
guided wave (S0 or A0) mode is transmitted in the circumferential direction. Based on the 
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phase change due to corrosion, we will evaluate whether it is possible to invert for the wall 
thickness loss, using assumptions about the defect shape.  
 

 

 
Fig. 1 Schematic picture showing the semi-quantitative screening approach, a separate transmitter and receiver EMAT are 

scanned along the axial direction of the pipe. 

The principle behind the method is explained in Fig. 2, a transducer is used at the accessible 
surface of a pipe, which is usually around the 12 o’clock position. A dispersive guided 
wave is generated that travels in the circumferential direction. Along its travel path it 
collects information about the wall thickness. The phase of the measured signal can be 
expressed as: 
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where c�D�x�, f� is the phase velocity as function of the spatially varying wall thickness 
D�x� and frequency f. The integral is over the circumference of the pipe �L�. 
 
 

 

 

 
 

Fig. 2 

 
In order to reconstruct the wall thickness loss, we have to assume a simple defect shape. In 
this case we assume a Gaussian shape, which is characterized by two parameters. Other 
shapes may be possible as well, as long as the number of parameters that describe the 
shape, remain limited. Additionally, we need to emphasize that it is principally not possible 
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to determine the location of the corrosion, because we use a single transmission 
measurement. 
The Gaussian function to fit to the wall thickness loss has only two parameters, the 
maximum corrosion depth and the width. The location is always positioned at the center (6 
o’clock position), but this is purely for visualization purposes. In the fitting process, we 
minimize the phase difference compared to a reference measurement, i.e., a location 
without corrosion. The objective function that is minimized is given by: 
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where φ� !�f� and φ" #$�f� are the phases of the reference measurement and the current 
measurement, for which the wall thickness profile is determined. The parameters are 
indicated by p . 
In order to obtain a good convergence in the inversion, it is important to use sufficiently 
dispersive waves. In this approach, we make a number of assumptions; firstly, we assume 
that we can model the shape of the corrosion with a Gaussian profile. Secondly, we ignore 
refraction effects, meaning that we assume a one-dimensional defect. This is quite 
important and in the next few examples we investigate the sensitivity to this second 
assumption. 
 

2. Tomographic wall thickness mapping 

We developed a method to map the wall thickness of an plate or a pipe-wall using guided 
waves [1,2]. It uses the effect that the phase velocity of most ultrasonic guided wave modes 
depends on the thickness of the wave guide. In a plate symmetrical and anti-symmetrical 
modes exist. The zero-order modes (S0/A0) are attractive to use, since these modes always 
exist. There are several reasons for using the symmetrical zero-order mode S0 instead of 
A0, these include the low attenuation and the fact that this mode has the highest velocity. 
The latter makes it easier to distinguish this wave mode from other possible modes. Similar 
wave modes exist in a pipe.  
The measurement geometry consists of two sensor rings, each consisting of a number of 
sensors as shown in Fig 3. The distance between the rings can be several meters. The main 
limiting factor of this distance is the resolution with which a defect can be imaged. For a 
good reconstruction, sufficient ray-coverage is required. In our inversion scheme, we 
include ray-angles up to 45 degrees. 

 

 
Fig. 3 Illustration of measurement set-up required for guided wave tomography, the geometry consists of two 

sensor rings, one for generation of dispersive guided waves, the second one for the detection of these wave. 

 

In order to deploy this technology in the field, EMAT sensor arrays have been developed, 
which are clamped around a pipe. The number of EMAT sensors depends on the pipe 
diameter and varies between 32 for a 10 inch pipe to 48 for a 18 inch pipe. The main reason 
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for using EMAT’s is that they do not need any physical contact with the pipe surface. 
Using EMAT’s the distance between the rings is somewhat limited due to the relatively 
weak signals. For the inspection of pipe supports this is not a problem, because we only 
need a distance of about 2 meters.   
The EMAT sensors have been developed specially for this purpose to ensure sufficient 
bandwidth to cover a range of wall thickness and to ensure sufficient opening angle. 
 

 
3. Experimental results for profiling  

 
To evaluate this method measurements are performed on a pipe with three artificial defects. 
Two small pits with a diameter of 75 mm and one long defect (about 200 mm). The small 
pits have 65% wall loss and the large defect 25%. A scan along the pipe is recorded with 10 
mm intervals. A picture of the setup is shown in Fig. 4. The distance between the two 
EMATs can be adjusted for optimal separation of the circumferentially travelling waves. 
For a ten inch pipe a separation of about 20 cm is used. The driving pulse is a three cycle 
sine burst at 180 kHz. 
 
 

 
Fig. 4 Picture of experimental set-up on a pipe. The tool consist of two EMAT sensors, one for transmission and 

one for reception of dispersive guided waves. 
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Fig. 5 Scan along the 12 o’clock position of the pipe contain a number of artificial defects. A dispersion correction 

is performed on the data and the arrival of the first event is picked and shown below the data. The defects are 
recognized by a reduction in arrival time. The pictures show the actual defects for reference. 

 

 

 
Fig. 6 Inversion result for the three different defects. The actual wall loss is printed in the picture. The defect sizing 

error is typically in the order of 10% to 15%. 

 

4. Experimental results of guided wave tomography 
 

Validation measurements are performed on a pipe with an artificial defect. The pipe is a 
schedule 30, 10 inch pipe. An artificial defect was machined in the pipe. The defect is 4 
mm deep, the remaining wall thickness is also 4 mm. A dataset was acquired using EMAT 
sensors. The tomographic reconstruction is shown in Fig. 7. The picture shows an unfolded 
view of the pipe, where the color represents the wall thickness as indicated on the colorbar. 
The reconstruction shows one defect at about 1.5 m from the transmitters at the 3 o’clock 
position of the pipe. The remaining wall thickness as indicated by the reconstruction is 4.3 
mm, which is in this case only 0.3 mm off. The length of the defect is 30 cm and the width 
is about 20 cm. This is the size range in which guided wave tomography can reliably size 
corrosion defects. 
The dimensions of the defect and its depth determine the amount of travel time change 
when a guided wave travels through the defect. This determines the limitations of this 
technology. When the width defect becomes in the order of 10 cm, we approach the current 
technical limits using S0 modes. Fig. 8 shows two examples of 10 cm wide defects with  
different depths. One defect being 2 mm deep and the other being 4 mm deep.  
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Fig. 7 Tomographic reconstruction showing a single defect with remaining wall thickness of 4.3 mm at the location 
of the defect. This pipe was used to validate the algorithm. The actual wall thickness at the defect was 4.0 mm. 

 
 
 

 
a) 

 
b) 
 
Fig. 8 Tomographic reconstruction of machined defects, a) a 2 mm deep defect (measured wall loss 2.1 mm) and b) 

a 4 mm deep defect (measured wall loss 3.7 mm) in a 10” pipe, schedule 30. 
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Although the sizing is actually still quite good in this case, these type of defect are 
challenging for this technology. Across the complete cross-section of the pipe wall 
thickness variations are observed. The pattern of wall thickness variations that we see here 
is typical for seamless pipe. Because these wall thickness variations extend along the full 
length, their imprint on the observed travel time variations is quite strong, making small 
defects difficult to size. Moreover small defect case strong refraction and/or diffraction 
effects. Ray-tracing is used to calculate the travel times in the tomographic reconstruction 
algorithm. This approach forms a second limitation in sizing smaller defects. 
Practically this means that one has to have a good understanding about the capabilities of 
guided wave tomography in order to assess whether this technology is the appropriate 
choice.  

 

Concluding remarks 

Guided waves can be used for quantitative wall thickness mapping using tomography. This 
technology can be an important tool of quantifying wall loss of inaccessible areas. However 
this requires proper understanding of the corrosion morphology and dimensions of the 
corrosion patches. Localized pitting and small corrosion patches will not be detected even 
when they are quite deep.  
Guided wave tomography is best combined by a screening method, capable of selecting 
only the locations with significant wall loss. A simple EMAT tool, as shown in this paper, 
can be used for this purpose. The use of multiple passes through a corroded region helps to 
improve sensitivity, making it possible to detect defects, which are too small to be detected 
by guided wave tomography.  
In the end, an inspection should prove that a piece of pipe is safe to operate. From this 
perspective a technology that can prove that there is no significant pitting is missing from 
the technology portfolio.  
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