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Abstract 

Corrosion in pipe work is a major problem. While most plants have reliable 

information on most equipment, the least data available is always with respect to their 

piping. Significant portions of plant piping and pipelines are insulated or buried and 

hence, even external corrosion cannot be readily observed. Ultrasonic guided waves 
in the pipe wall provide an attractive solution as the waves are excited from one 

location of the pipe and travel meters of distance, with the returning echoes indicating 

the presence of corrosion or other pipe features. The Wavemaker Pipe Screening 

System (WPSS) developed by Guided Ultrasonics Limited exploits this benefit of 

Ultrasonic Guided Waves and has been deployed successfully on a wide range of 

application for screening of pipes for corrosion. 

   

An offshore operator had got Escon to inspect several risers and tests were conducted 

on a mock-up sample prior to the commencement of field inspection. The initial focus 

was the assessment of the inaccessible region under the riser clamp. The inspection 

subsequently focused not only on the riser clamp region but at the whole length of the 

riser with several defects found at welds, supports, interfaces etc. 

 

This paper provides an overview of the technique, the methodology adopted to 

implement the tool at actual conditions offshore & other proven applications for the 

technique. 
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1. Introduction 

Corrosion in pipe work is a major 

problem in oil, gas,chemical & petro-

chemical  industries. While most plants 

have reliable information on most 

equipment, the least data available is always 

with respect to their piping. Most standard 

NDT methods measure the remaining pipe 

wall accurately, but over a small area or 

distance and so it is almost always not 

economical to inspect the entire length of 

any pipe. In reality, a pragmatic approach is 

usually adopted where the wall thickness at 

a number of points is measured and this 

information is used to determine the overall 

fitness for purpose of the pipe. However, 

this approach generally requires unrestricted 

access to the outer surface of the pipe and 

this is not possible, if the pipe is insulated, 

has protective coatings or is buried in the 

ground. This means that even external 

corrosion cannot be seen so that accurate 

measurements of the remaining wall can be 

made at the correct location on the pipe.      

The inspection requirements of pipes that 
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have an operational history of many tens of 

years have lead to the adoption of new 

maintenance practices and safety standards. 

The solution currently considered as best 

maintenance practice is the direct 

assessment of 100% of the pipelines with 

the minimum possible economical impact. 

Ultrasonic guided waves in the pipe wall 

provide an attractive solution as the waves 

are excited from one location of the pipe 

and travel meters of distance, with the 

returning echoes indicating the presence of 

corrosion or other pipe features. 

1.1 Wavemaker Pipe Screening System 

The Wavemaker pipe screening system 

(Fig. 1) developed by Guided Ultrasonics 

Limited uses special arrays of transducer 

elements, referred to as rings, which fit 

around the pipe under test. After a ring has 

been fitted around a pipe, the operator uses 

the Wavemaker system to perform a single 

test that screens a number of metres of pipe 

on either side of the test location. The length 

of pipe which can be effectively screened on 

either side of the test location in a single test 

depends on numerous factors and typically 

ranges from several tens of metres for pipes 

in good condition down to a few metres for 

pipes in poor condition or with certain types 

of coatings. 

 

Fig. 1: A Wavemaker Pipe screening system 

with components during a test of 

pipe in a road crossing 

In both conventional and guided wave 

testing, defects reflect a proportion of the 

incident acoustic wave and so can be 

detected in pulse-echo mode. However, long 

range guided wave testing is done at 

frequencies in the tens of kilohertz range, 

compared with the megahertz frequencies 

employed in conventional ultrasonic 

inspection. In order to understand how the 

Wavemaker system works ( Fig. 2), the 

whole ring of transducer elements may be 

regarded as behaving like a conventional 

ultrasonic transducer operating in pulse-

echo mode. The ring sends out a burst of 

ultrasonic guided waves and then listens to 

signals that are reflected back. In most 

applications it can detect cracks and general 

metal loss greater than 5% of the cross-

sectional area of the pipe being tested. 
 

 
 

Fig. 2: A Wavemaker Pipe screening system 
in action with reflections obtained 

from various features on the pipe 

2. Riser Inspection with Guided Waves 

 Testing riser pipes in the splash zone and 

under riser clamps (Fig. 3) is not a straight 

forward application for the WPSS system 

though it is becoming more and more 

routine based on the project results from 

different parts of the world where it has 

been implemented. Typical problems 

include the space available for the 

placement of the test rings versus the region 

of interest. The presence of several welds, 

closely spaced features, flanges, splash zone 

coating, stop ring welds, uneven surfaces all 

add to the complexity of arriving at an 

optimum set-up and thus affect the 

sensitivity and reliability of the test-results. 

An offshore major in Thailand wanted to 

inspect the region under the    riser    clamps   

and it was agreed that a mock-up 
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Fig. 3: Region under riser clamp that needs to be assessed for the extent of corrosion 

 

 
 

Fig. 4: Mock-up sample with induced defects 
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Fig. 5: Results from a riser with corrosion in the region of riser clamp extended to the region 

beyond the same 
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Fig. 6: Results from a riser with corrosion in the region adjacent to a weld (W11) at a deck level 

crossing and some under support corrosion (C1) 

test was to be carried out to evaluate the 

above points of concern and to arrive at the 

optimum test settings.  

2.1 Mock-Up Test  

The mock-up test piece had a stop ring 

welded and defects machined which 

resembled slots and a sequence of pitting. 

The defects were made to be 20, 40 & 60% 

deep. The defects were closely spaced to 

simulate a cluster like effect as seen in riser 

pipes offshore. Testing was carried out at 

both ends of the riser pipe i.e. with the riser 

clamp above and below the test ring. Certain 

important assessments were made pertaining 

to the most suitable frequency, optimum test 

location where the ring was to be placed in 

order to get a strong response from the 

corrosion under the riser clamp. Also 

confirmed were the benefits of using the 

Torsional mode of excitation in liquid filled 

pipes due to its improved performance and 

due to its better sensitivity to axial defects 

compared to the scenario when it will surely 

be missed using longitudinal mode. 

2.2 Field Inspection of Risers 

Field Inspection on 26 risers was carried 

out in this project and the results were very 

reliable and confirmed in most cases by 

visual / secondary inspection. 

Apart from finding the defects under 

riser clamp (Fig. 5), several other defects 

such as general thinning in hard to see areas 

such as under supports, pipes passing 

through different levels and enclosed spaces 

were observed (Fig. 6). 

Testing was also carried out on one 8 

inch riser that was covered with a sleeved 

pipe (Fig. 7).  The aim of the test was to see 

if there was any corrosion due to water 

ingress and settlement towards the end of 

the sleeve which was determined to be 

about 33-34 meters from the start point. The 

test results initially were not very conclusive 

due to the nature of restrictions on the 

placement of the test ring and also the fact 

that   the    information    pertaining   to   the  
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Fig. 7: Testing of riser pipe covered by a sleeved pipe and the test results obtained 

 

Fig. 8: IRIS pigging results from a sleeved riser pipe and the co-relation with Guided Wave 
inspection findings 

Corrosion with 50% wall loss is present under the clock springCorrosion with 50% wall loss is present under the clock spring

 
 

Fig. 9: Inspection of a riser pipe with a clock spring that is covering a 50% deep flaw and the 

guided wave results obtained 
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Fig. 10: Inspection of Insulated pipes 

 

 
 

 

Fig. 11: Inspection of road crossings 

  

  
 

Fig. 12: Inspection of pipes for corrosion under supports 

 

position of the welds in the pipe and other 

feature attachment locations were not 

available from the drawings. 

Subsequently the position of the welds were 

made available based on an IRIS pigging 

inspection carried out on that riser. Using 

the information obtained to mark the 

position of the welds and subsequently 

adjusting the Distance Amplitude 

Correction (DAC) curves, all defects within 

the tested range of 14 meters were reliably 

located and the results co-related with the 

pigging findings enabling the client to resort 

to Guided wave inspection to monitor the 

flaws. 

2.3 Inspection of Other Risers 

Another offshore major in India was 

interested in testing of their riser pipes. 

Testing involved looking for corrosion 

under riser clamps and in the splash zone. 

Two of the risers that were being tested had 

clock-springs added to them to compensate 

for wall thinning that was detected earlier 

under the riser clamps. Guided waves were 

able to identify the presence of the flaws 

and could also estimate them to be 

approximately 50% deep at certain locations 

(Fig. 9). Confirmation with photos and 

visual inspection reports from the client’s 

inspection archives confirmed the findings 
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of the Guided Wave inspection. This 

inspection helped the client in looking at 

Guided Waves as a valuable tool for defect 

monitoring in riser pipes and other piping. 

On the whole the application of the 

Guided Waves for the testing of riser pipes 

with this client was a very successful one. 

3. Other Proven and Regular 

Applications of Guided Waves 

There are many proven applications for 

guided waves apart from riser inspection 

seen so far. It is very useful for rapidly 

screening long lengths of pipes. Some 

applications where this technology is 

especially cost effective and proven are 

listed below.  

These include: 

• The detection and positioning of 

corrosion under insulation without 

removing lagging other than for the 

application of the probes (Fig. 10).  

• Screening of inaccessible areas such as 

road crossings, wall penetrations and 

column piping (Fig. 11). 

• Screening of pipework, even in tightly 

packed racks especially for corrosion 

under supports like in Jetty lines, tank 

farm piping, pipe racks (Fig. 10c). 

4. Conclusions 

Based on the applications discussed, 

Long Range Guided Wave Testing is a very 

useful tool for the rapid screening of pipes 

for corrosion.  It is important to understand 

how guided wave testing fits into a more 

comprehensive inspectionsystem.  It can be 

best employed as a screening tool that is 

used to identify trouble areas.  Once these 

trouble areas have been identified they can 

be targeted using other methods.  This 

allows for 100 percent coverage at a fraction 

of the price of many other methods. When 

employing it on applications that could 

require optimization such as riser pipes, it is 

best to have a performance demonstration or 

a mock-up to optimize test parameters 

thereby improving the reliability of the 

whole testing process. Based on the 

applications discussed, the need for trained 

operators can also be clearly inferred. It is 

very important that the success and 

reliability of a good Guided Wave 

inspection programme depends on well 

trained operators performing the testing. 
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