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Abstract 
Guided Wave Testing (GWT) is a method whereby low frequency guided waves are excited in metallic piping 

using a piezoelectric transducer ring.  The guided waves propagate away from the transducer ring in both 

directions through the pipe wall, and are guided by the inner and outer pipe wall boundaries.  If the guided wave 

encounters wall loss in the pipe wall or other changes in pipe cross section like welds or pipe supports, part of 

the guided wave will reflect back to the transducer ring. Previously, guided wave inspection was not possible to 

perform at elevated temperatures, thus requiring hot piping systems to be cooled before inspection was possible. 

 

Guided Ultrasonics Ltd. have developed a high temperature (HT) version of their inflatable transducer rings and 

modules to allow on-line testing of pipes with a surface temperature of up to 400°C.  This paper describes field 

trials performed by IRISNDT in conjunction with Canadian Natural Resources Ltd (CNRL) and Guided 

Ultrasonics Ltd. on a SAGD (steam assisted gravity drainage) piping system.  This was the first time that testing 

has been carried out at temperatures reaching 340°C  using new the HT rings and modules in conjunction with 

the Wavemaker
®
 pipe screening system.  The ring was mounted directly onto the pipe surface for up to 5 

minutes which was sufficient time to perform a standard GWT inspection with a range of 30m in each direction 

from the transducer ring.  There was no permanent damage to the transducer rings or transducers during these 

tests.  This new high temperature guided wave application for piping systems represents a significant new 

capability compared to ambient temperature guided wave inspection. 
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1 Introduction 

Conventional ultrasonic inspection equipment utilizes test frequencies of over 0.5MHz which 

means that a coupling fluid (for example water or coupling gel) is required to efficiently 

couple the ultrasound into the structure. Unfortunately, these coupling materials are also very 

efficient thermal conductors. Consequently the transducers and any ancillary equipment 

become hot very quickly. This, in many cases, means that UT inspection is limited to very 

rapid spot thickness measurements. 

Above ground high temperature pipelines and process piping in Canada are usually insulated 

to prevent heat loss into the environment, which is particularly important during the cold 

winter months. The insulation presents a major barrier to conventional high frequency NDT 

methods which require access to the outer surface of the pipe at all test positions. Visual 

inspection also cannot be carried out without removing the insulation. 

It is therefore common practice to carry out inspection of high temperature pipes during 

‘outages’ where the pipework is at ambient temperature and selected sections of insulation 

can be removed to allow limited inspection to take place. CNRL (Canadian Natural 

Resources Ltd.) operates large SAGD (steam assisted gravity drainage) facilities in the Cold 

Lake area of Alberta.  SAGD well sites have super-heated steam lines that inject steam into 

the underground formation, and then have separate emulsion lines that remove oil.  Both 

steam and emulsion lines operate at elevated temperatures, and typically travel over 

significant distances connecting the boilers, well sites and processing units.  CNRL would 

prefer to carry out as much inspection work as possible ‘on line’ to limit the cost and lost 

production time associated with outages and to minimise insulation removal/replacement. 
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Guided wave testing (GWT) is an NDT method which is capable of testing many meters of 

pipe from a single location making it a popular choice for the inspection of insulated pipes. 

Additionally the GWT sensor ‘ring’ is dry coupled to the pipe surface which minimizes heat 

transfer from the pipe to the testing equipment. 

2 Guided Wave Testing 

2.1 Introduction 

Guided wave testing (GWT) is a non-destructive testing method for finding corrosion in pipe-

work. It uses mechanical waves that propagate along the pipe in the axial direction. The 

GWT method is now widely accepted world-wide and is covered by several international 

standards [1-4]. 

In contrast to ultrasonic testing (UT), where only the area underneath or in the direct vicinity 

of the transducer is inspected, GWT testing allows the entire pipe wall to be screened from a 

single transducer position within the diagnostic range of the test. The range depends on a 

number of parameters, but in the applications considered here is generally of the order of tens 

of metres in both directions. This makes GWT an ideal tool for screening long lengths of 

pipes for defects and locating them for prove-up inspection. Prove-up, for example with 

radiographic or ultrasonic testing, is an integral part of the inspection procedure. 

2.2 Typical Performance 

The following sections briefly describe the current performance and capabilities of the 

Wavemaker
®

 system, which is the guided wave inspection system manufactured by Guided 

Ultrasonics Ltd. 

2.2.1 Range and test duration 

The achievable test range for GWT depends strongly on the pipe condition and the presence 

of viscous, thick coatings, such as bitumen wraps. A typical range which can be achieved on 

insulated pipework is 70m (35m in each direction from the transducer ring). Data collection 

for this range using the Wavemaker system takes between 3 and 5 minutes, depending on the 

collections settings which have been used.  

2.2.2 A-Scan and C-Scan display 

Once the data has been collected there are several methods for displaying the processed 

result. The most commonly used are: 

• A-Scan display: A distance versus amplitude graphical display in which the amplitude 

of reflected signals is plotted against the distance from the ring (positive and negative 

directions); see lower section of Figure 1. 

• C-Scan display: The reflected amplitude is plotted on a colour scale versus distance 

from the ring and circumferential orientation (clock position); see upper section of 

Figure 1. 

Analysis of the data requires no additional data collections and so can be carried out after 

removal of the transducer ring from the pipe. 



 

Figure 1. Data display types; A-Scan display (lower) and C-Scan display (upper). 

 

2.2.3 GWT data displays with corrosion flaws 

Figure 2 shows a GWT data display of process piping that is elevated and unobstructed on the 

positive side of the ring (right on the display), and that goes through a road crossing on the 

negative side of the ring where the initial part of the road crossing is cased in foam insulation.  

Note the higher rate of attenuation on the negative side due to soil loading causing greater 

loss of sound amplitude.  The GWT signals on the positive side are have been correlated to 

pipe features visually, but feature –F3 at -10m on the negative side had no such correlation.  

Subsequent digging up the pipe confirmed the corrosion pit. 

2.2.4 Sensitivity and POD 

The sensitivity of GWT equipment is quoted in terms of the minimum detectable percentage 

cross sectional area change of the pipe wall (CSC). The sensitivity is affected by the general 

pipe condition but for Wavemaker
®

 equipment is typically quoted as between 2% and 5% 

CSC. A major incentive for using GWT is the high probability of detection (POD) for defects 

[5] due to the large coverage which can be achieved. 

2.2.5 Temperature limits 

Conventional inflatable rings and transducer modules manufactured by Guided Ultrasonics 

can be used on pipes up to 150°C, using a special testing procedure [6]. The procedure 

specifies maximum test duration, prohibits any part of the equipment from directly touching 

the pipe surface; and requires the operator to place heat reflective material between the 

transducer ring and the pipe surface. If the procedure is not adhered to there is significant risk 

of permanent damage to the equipment. 
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Figure 2. A pit at feature –F3 in a section of buried process pipe. 

 

3 High Temperature Equipment (HT) 

3.1 Introduction 

Industrial demand for routine guided wave testing of pipes with surface temperature above 

150°C has prompted the development of higher temperature transducer rings. These are based 

on our well proven inflatable ring design and give identical guided wave performance. They 

are compatible with the existing Wavemaker
®

 electronics and are available for pipe sizes 

from 6” to 36”. 

Figure 3 shows an 8” HT transducer ring populated with HT modules and transducers 

coupled to a high temperature CNRL SAGD pipe. The limiting factor for inspection is 

governed by the temperature of the transducers because it is the transducers which come into 

direct contact with the pipe surface and therefore, due to thermal conduction, heat up more 

rapidly than the transducer modules and the transducer ring. 

Laboratory experiments have been carried out to determine the rate at which the transducers 

heat up as a function of pipe surface temperature and to find the maximum operating 

temperature of the transducers.  The times taken for the transducers to reach their critical 

temperature for each surface temperature are show in Table 1.  The results are very 

encouraging, especially when considering that data collection for a guided wave test typically 

takes less than 5 minutes to complete. These results indicate that, if the test duration is strictly 

limited to 5 minutes, guided wave testing can be carried out on pipes up to 400°C using the 

HT rings and modules. 

 



 

Figure 3. An 8” HT transducer ring shown coupled to a CNRL SAGD pipe at 340°C. 

 

Table 1. Maximum test duration relative to pipe surface temperature. 

 

Pipe Surface Temperature Test Duration 

180°C to 250°C Maximum 15 minutes 

250°C to 300°C Maximum 10 minutes 

300°C to 400°C Maximum 5 minutes 

 

 

3.2 Field Trials 

Field trials of the HT ring and modules were carried out on an 8” SAGD steam distribution 

line in Alberta, Canada by IRISNDT. The pipeline was initially tested at ambient temperature 

and then brought back on-line. Subsequent guided wave tests were carried out at temperature 

increments of 50°C, up to the maximum pipe operating temperature of 340°C. 

3.2.1 Testing methodology 

The guided wave testing was carried out according to the written standard practice [6]. The 

pipe surface temperature and transducer temperature were measured before and after each test 

using a thermal imaging camera. The duration of each test was accurately timed and logged 

to ensure compliance with the procedure and guided wave data was stored for each test for 

subsequent comparison. 

3.2.2 Results 

Results for transducer temperature versus test duration were found to agree well with the 

equivalent experimental measurements for each pipe temperature measured. This 

demonstrates that the experimental setup is a good approximation to the behaviour of the 

transducer modules on a real pipe. 

The test range was set to 40m which gave a total test time of 5 minutes (ring setup, data 

collection and ring removal). Test results show no degradation in equipment performance 



during the test series; a direct comparison of the results for ambient pipe temperature and 

340°C are shown in Figure 4. 

 
 

Figure 4. Direct comparison of guided wave result for pipe; At ambient temperature (lower) and at 340°C 

(upper).  

The test result shows all of the major pipe features marked. In order to compensate for the 

thermal expansion of the pipe and the reduction in shear wave velocity at higher temperature, 

the distance scale on the upper trace has been re-calibrated. 

Signal amplitude and signal-to-noise ratio show no signs of degradation giving comparable 

sensitivity between tests. The amplitude and shape of the reflections from the supports have 

changed; this is due to the changing wavelength as the temperature increases. The shape and 

amplitude of the reflections for welded supports is caused by constructive and destructive 

interference between reverberations within the support [7] which is strongly affected by these 

small wavelength changes. 

4 Conclusions 

The results presented in this paper demonstrate that GWT of pipes of temperatures up to 

400°C is possible using the equipment and procedures described. The most important factor 

in ensuring the success of the inspection is strictly limiting the test duration to be below the 

‘critical time’ allowed by the inspection procedure. Experimental results and field trials have 

shown good agreement in predicting the critical time for a range of pipe temperatures up to 

400°C. When following this procedure, it is possible to get the benefits of guided wave 

inspection, such as screening piping without having to remove insulation except in one 

location, high probability of detection of localized defects and rapid pipe screening all at high 

piping temperatures. 

This represents a significant advance in guided wave testing of piping systems, allowing high 

temperature piping systems to be screened for corrosion without having to cool them down. 

This is particularly important for the CNRL SADG piping systems, where they are expected 

to operate for long durations at high temperature making inspection at ambient temperatures 

difficult. 
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