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Abstract 

Pipe and tubing networks assure the transportation of primary commodities such as water, oil and natural gas as 

well as supplying vital elements to system components providing efficient running of boiler systems, heat 

exchangers, turbines & piping systems. This paper aims to provide an overview of non-destructive testing 

solutions such as Electromagnetic Acoustic Transmission, Low Frequency & conventional Remote Field 

Testing, Laser Inspections, and Guided Ultrasonics. The quantitative and early detection of defects is crucial in 

order to avoid severe consequences resulting from inadequate condition assessment knowledge. 
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Introduction 
The economic costs associated with failures are rapidly rising to unacceptable high levels. 

Many pipelines, boilers and heat exchangers were installed years ago and today are in poor 

condition and continue to deteriorate. The consequences of a failure include direct costs 

(repairs, man-power, liabilities and damage to surrounding infrastructure or components.) 
indirect costs (supply interruption, potentially increased deterioration rates etc.). The ultimate 

aim is to avoid any costs due to failure by implementing a sound NDT inspection program, 

and by using the best available techniques to ascertain deterioration conditions within the 

component under question. 
 

To date, two types of failure management strategies can be applied: proactive asset condition 

assessment and reactive failure detection and location. The first aims to prevent failure, the 

second aims to minimize reaction time and losses associated with failure. However as costs 
and demands rise focus shifts to the management strategy from reactive to proactive.  

 

The objective of this paper is to present an overview on some of the many different non-

destructive evaluation techniques. Specifically related to boilers and their related components, 
as well as pipelines and turbines. 

 

Boilers  
Furnace wall tubes - fly ash erosion, generalized wastage, hydrogen damage, corrosion 
fatigue, overheating and bulging as a result of fouling are common mechanisms. An 

inspection technique must incorporate a solution to all these primary mechanisms and it must 

also be fast as downtime is critical. 

 
Two inspection techniques present themselves: Electromagnetic acoustic transmission, 

(EMAT) and low frequency remote field-testing, (LFRFT). Both of these technologies can be 

used to rapidly inspect furnace wall tubes. These techniques give almost all that is required in 

a normal furnace wall tube inspection, but in the case of erosion for membrane wall tubes the 
maximum damage will often take place adjacent to the weld at the membrane wall, an area 

where ultrasonics is difficult due to space restrictions. The solution here is lasers.  
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Electromagnetic Acoustic Transmission 
EMAT technology is an Ultrasonic Non Destructive Testing method that differs from 

traditional ultrasonics in the way the sound is generated. In conventional ultrasound 

technology a piezoelectric crystal is used to convert electrical energy into mechanical 

vibration.  The vibration makes its way into the test piece via the couplant. EMAT consists of 
a magnet and a coil of wire and relies on electro-magnetic acoustic interaction for elastic 

wave generation.  

 

Using Lorentz forces and magnetostriction, the EMAT and the metal test surface interact and 
generate an acoustic wave within the material.  The material being inspected is its own 

transducer, eliminating the need for liquid couplant, (See figure 1). As no couplant is required 

it is much easier to do continuous scanning rather than spot checks. The EMAT technique is 

relatively insensitive to surface roughness due to the principle of operation. With 
conventional ultrasonics it is normally not possible to test through scale due to absorption and 

scattering of the beam. In the case of EMAT it is sometimes possible to test through minor 

scale deposits depending on uniformity and type, however a clean surface provides the best 

results. 
 

 
Figure 1: EMAT principle 

 

EMAT Thickness Gage for Boilers 
The In-service thickness gage for boilers is a portable inspection device for determining boiler 

wall thicknesses. EMAT can be used to identify localized wall thinning due to corrosion or 
erosion, one of the most prevalent boiler tube failure mechanisms, as well as hydrogen 

damage and cracking in general. The system is capable of supporting timely, accurate and 

more complete tubing inspection during critical power outages. Depending on scanning mode, 

inspection requirements, access conditions, and cleanliness, a two-person team can typically 
complete 100m to 150m per hour. 

 

Low Frequency Remote Field Testing for Boiler Walls 
The primary benefit of this technique is that it does not require contact with the object under 
test to measure material thickness and condition. Additionally, a high-quality inspection can 

be assured without couplant and with minimal surface preparation. RFT also shows high 

sensitivity to detection of defects on the ID or OD of the tube in question and can measure 

through non-ferromagnetic coatings, linings and scale. 

The system operates on a robotic crawler and for each tube, there is at least one exciter coil, 

which induces an axially oriented low-frequency electromagnetic signal in the tube wall.  This 

signal decays with distance from the exciter while simultaneously penetrating through the 

thickness of the tube. At a distance of three to five times the tube O.D. the signal is received 
in at least one detector coil.  The time of flight of the signal is proportional to the wall 

thickness and the amplitude of the signal is proportional to the surface area of any wall-

thickness change. 



 

 

Laser Inspections (Handy-Scan) 
By combining state of the art laser scanner technology with existing NDT techniques it is now 

possible to provide accurate and detailed 3D images of equipment. The result is a three-

dimensional data cloud that can be displayed using advanced 3D modeling software. Features 

such as pitting and corrosion can be accurately mapped, analyzed and saved for comparison 
during follow-up inspections. The Handy Scan unit uses a crosshair laser to send laser beams 

towards the inspection piece. These laser beams are reflected back onto two camera 

processors. Reflective dots are placed on the inspection piece to aid the equipment in 

calculating the position of the reflected laser beams in 3D space. The results from the scan are 
stored electronically in a 3D wire mesh format for analysis. 

 

Accuracy for mapping is down to a 30 micron precision for corrosion depth and width. 

Focusing on a particular corroded area, actual depths are measured without the need to create 
a smooth profile e.g. grinding for ultrasonic wall thickness measurements. 

 

As can be seen below, the profile is accurately measured and compiled as a permanent record 

in a number of formats for monitoring and comparison purposes. By conducting follow up 
inspections very accurate data trending be achieved.  

 

 

 
Figure 2: Scan of membrane tube wall showing loss from original reference. 

 

 

 

 
 

 

 



 

 

Laser Inspections for Turbine Blade 
Using the same principles as boiler wall the system can be adapted for inspections on turbine 

blades in situ, as can be seen by the following results.     

 

 
Figure 3: Left – Original Turbine blade configuration. Right – Single turbine blade illustrating 

erosion on leading edge of blade. 

 

Economizer Tubes  
The norm is for economizer tubes to be finned and the problem is very often external erosion, 
which is masked by the fins. One possible solution here is to conduct an internal ultrasonic 

inspection (IRIS). To gain access to the serpentine design of economizer, the bends at one end 

of the economizer are cut off, the tubes flooded with water and an IRIS inspection is 

conducted along the straight tube lengths. Where serious wastage is detected, the element 
concerned is lowered down and the area concerned is cut out and a new section of tubing is 

welded in place. When the inspection is complete the bends, which have also been subjected 

to conventional NDT are welded back in place.  

 

 
Figure 4: Left – Showing UT Path, Right visual representation of IRIS 

 



 

 

 
 

Figure 5: Typical IRIS economizer results, showing external erosion in C-scan and B-scan 
views (circled in red), also change of thickness from previously repaired area. 

 

Visual Representation 
The purpose of a 3D IRIS inspection is to provide the engineer with an advanced visual tool 
to determine problem areas in the main bank boiler tubes or economizers. As each section of 

the tube is analyzed separately it becomes possible to visually display the position of defects 

in the tubes. 
Each Main Bank Element can be viewed in a plan view drawing displaying actual wall 

thickness measurements taken for each section of tube. These sections are also color coded 

according to client-defined ranges. The software is provided to the client and enables them to 

export the thickness measurements to an excel document and import follow-up inspections for 
comparison. 

 

 
Figure 6: Left – Main Bank Boiler tubes, with colour coded results according to remaining 

wall thickness. Right – Economizer bank tubes with colour coded results according to 

remaining wall thickness. 

 
Air Heaters 
The problem here is normally external erosion. Normally there is access to the inside of the 

tubes and the most suitable technique would be remote field inspection. Remote field has the 

advantage of being a dry technique and relatively fast. This is ideal for units that have a large 
number of tubes. 

 

Remote Field Inspection 
The basic RFT probe consists of two coils in a send-receive configuration. The exciter coil, 
energized with a low frequency alternating current, sends a signal to the detector coil spaced 

around two and half tube diameters away.  The field emitted by the exciter coil passes through 

the tube wall to the outside of the tube, propagates axially, and then transmits back through 

the wall to arrive at the detector coil.  Where the tube grows thin, the field arrives with less 



 

 

time delay (greater phase) and less attenuation (greater amplitude).  Phase and amplitude 
traces are generated as the probe is pulled through the tube and are used to detect and size 

metal loss. RFT uses a low frequency signal, which allows electromagnetic energy to 

penetrate the tube walls so that external and internal flaws can be detected with approximately 

the same sensitivity. 
 

 
Figure 7: RFT Probe Fields 

 

Superheaters and Reheaters 
Normally there is little in the way of internal access to the tubes. Problems arising here 

include fly ash erosion, condensate pitting and stress corrosion cracking. One solution is 

guided wave technology. Due to problems of access the equipment manufacturers have 
designed claws that overcome the very tight access problems that often arise in the inspection 

of these units. The claw system can easily fit through a gap of 50mm and can be clamped onto 

a tube up to a distance of 2 meters away. 

 

Guided Ultrasonics 
The length of tube that can be effectively screened on either side of the test location in a 

single test depends on numerous factors and in the case of superheaters and reheaters is 

normally limited to the two straight lengths either side of the 180 degree bends. 
 

The ring sends out a burst of ultrasonic guided waves and then listens to signals that are 

reflected back.  

 

 
Figure 8: Typical result showing reflected signals back from various indications in a reheater 

tube. 
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The transducer rings are specific to a certain tube size. They use either springs or air pressure 
to dry couple piezoelectric transducer elements to the pipe being inspected. Internal circuitry 

allows each transducer ring (and therefore the diameter of the tube being tested) to be 

automatically detected by the electronics. 

 

 
Figure 9: Examples of GUL Claws 

 

Pipeline Inspections 
As the primary form of transport for various products within a plant environment, it is 

imperative that a non-destructive evaluation technique be utilized. There are many NDE 

techniques for pipeline inspections. EMAT & GUL as discussed in this paper, which may be 

adapted to many scenarios. It is best to assess each inspection individually and not apply a 
global solution to all pipelines. 

 

EMAT For Pipelines Overview 

Inspection systems are designed for volumetric inspection of tubes and pipes in the field with 
none or limited surface preparation. Using ultrasonic electromagnetic acoustic transducers to 

perform non-destructive testing of piping. The system includes both circumferential and axial 

scanning methods to provide rapid, full-length, volumetric inspection of the pipe.  

EMAT Pipelines Inspection Technique (Axial) 

In this mode long lengths of pipelines can be inspected rapidly. The crawler moves at speeds 
of up to about 6 meters / minute and more than1 kilometer can be inspected in one shift. 

Defects, such as cracks, pits and wall loss, provide observable attenuation of the sound or 

phase shift due to time of flight changes. Guided waves are transmitted around the pipe 

circumference in send receive mode. Transmit and receive elements are positioned less than 
180 degrees apart around the pipe outer surface. A guided “thru-thickness” ultrasonic wave is 
produced and sent in both directions, clockwise (S1) and counterclockwise (S2) directions 

(See Figure 7). The strength of both S1 & S2 transmissions are measured by the receiver 

elements. 
 

 
Figure 10: Axial Setup 

 

One hundred percent volumetric pipe inspection is achieved through the rapid ultrasonic 

sampling of the pipe circumference as the sensor is moved along the length of the pipe. 

Ultrasonic sampling is provided up to 400 readings per second. 



 

 

EMAT Pipelines Inspection Technique (Circumferential) 

This is an ideal method for the detection of under support corrosion. 100 percent volumetric 

pipe inspection is achieved through rapid ultrasonic sampling of the pipe as the sensor is 
moved around the pipe circumference. Ultrasonic transmitter and receiver elements are 

arranged to support pre-sample self-calibration.  

 

 
Figure 11: Circumferential Setup 

 
In the case of scanning for under support corrosion extensive trials were conducted and it was 

determined that the best results are obtained, when the scanner is placed on the pipe so that 

the receiver coil is approximately 300mm from the support / defect area. In total a full length 

of 1000mm and 360 degrees of an insulated pipe needs to be opened and cleaned to achieve 
optimal results. A minimum clearance of 250mm is needed around the pipe. 

 

 
Figure 12: Configuration for under support corrosion 

Guided ultrasonics for pipelines 

Using guided waves to screen long lengths of pipes for corrosion or cracks it is possible to 
screen a large area from a single transducer location. Guided ultrasonics use special arrays of 

transducer elements, referred to as rings, which fit around the pipe under test. The length of 

pipe that 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 meters in good conditions, 
down to a few meters for pipes in poor condition or with certain types of coatings. The 

transducer elements in the ring send out a burst of ultrasonic guided waves along the length of 

the pipeline and then listens to signals that are reflected back.  Figure 13a shows a schematic 

diagram of a typical pipe that contains an assortment of features around the test location. A 
schematic of the corresponding results is shown in figure 13b. 

 



 

 

 
Figure 13: Typical guided wave configuration and illustration of results. 

Insulated Component Test (INCOTEST) 
INCOTEST is a unique corrosion survey method that allows ferrous pipes to be surveyed 
through thermal insulation under the following demanding circumstances: 

 Without disturbing or removing the insulation or coating   

 When insulation cladding is aluminum, stainless, or galvanized steel.  

 While plant is in operation  when pipes are hot: ≤ 500°C (930°F) or cold: ≥ –100°C (–
150°F)  

 When insulation is wet.   

 When object surface is rough or encrusted.   

 When insulation is irregular or heterogeneous.   
 when insulation is wire mesh reinforced. 

INCOTEST monitors the decay of an eddy current pulse within the steel wall. It computes 

the average thickness of the metal by comparing the transient time (“echo”) of certain 
signal features with similar calibration tests. The resulting measurement is influenced by a 
number of factors including variations in metallurgy (magnetic and electrical properties) 

and temperature. The survey takes 2 to 40 seconds dependent on thickness. The computed 

wall thickness (can be logged) and validation signal is displayed on the screen, and raw 
data is stored for later retrieval. 

 

Discussion & Conclusion 
The periodic inspection of plant equipment is greatly beneficial to the integrity of any asset, 

with new immerging technologies and systems at operator’s disposal. Valuable information 

can be collected and reviewed to provide comprehensive data for effective plant management.  
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