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ABSTRACT 

 
Rowan Technologies developed corrosion probes in the early 1990s to detect and monitor 
corrosion in high-temperature boilers and industrial plant.  Electrical resistance 
techniques (potential drop methods) where used to detect loss-in-thickness (corrosion or 
erosion) of exposed elements on the surface of the probes.  The probes could be cooled or 
heated (using compressed air) to simulate heat transfer surfaces, such as furnace tubes in 
boilers.  These worked well but only gave a reading at the particular point where they 
were inserted; corrosion is frequently highly variable in industrial plant and locations 
only one metre apart may see vastly different rates of attack. 
 
In the late 1990s corrosion scanners were developed, primarily for use on heat transfer 
surfaces on boilers, although they are equally applicable for any high temperature surface 
subject to degradation.  These corrosion scanners are able to directly monitor fireside 
corrosion, erosion and even cracking over large areas of furnace walls and whilst the 
boiler is operational. The output is in the form of 2-dimensional maps of the surfaces [1, 
2].  The scanner systems overcome the requirement for intrusive (and cooled) insert 
probes to be used; the plant walls themselves take over the role of the probes.   
 
This paper describes the background to the scanners and gives three examples of where it 
has been successfully used for monitoring corrosion, erosion and circumferential cracking 
at high temperatures in boilers and furnaces.   
 

CORROSION SCANNER SYSTEMS 
 

The scanner system's measurement technique is based on the well-established electrical 
resistance principle, where thinning of a metal increases its electrical resistance. A 
number of companies have developed so-called corrosion scanners, but these are mainly 
based on the premise of a single current input and output to the test area and many tens or 
hundreds of voltage connections in between; the potential difference being directly 
proportional to the resistance using Ohm’s law.  A high current pulse is applied and all 
potentials differences are measured as the pulse decays to enable resistances to be 
calculated.  Rowan initially investigated this method in the laboratory using test plates 
which were subject to corrosion, but found that the results were non-quantifiable.  
Selected areas subject to corrosion increased in electrical resistance and this resulted in 
some of the current by-passing the corroded area resulting in lower measured potential 
differences and therefore erroneous resistances.  The problem was found to be far worse 



where variable temperature differences were encountered; these also affected the 
electrical resistances and resulted in further errors. 
 
Rowan decided that a constant current was required between each and every one of the 
voltage connections to build up an accurate assessment of the remaining thickness of the 
wall.  As the electrical resistance is temperature dependent, metal temperature is also 
accurately measured as part of the scan process using the same electrodes, and the 
resistances compensated accordingly. The sensing electrodes used by the scanner systems 
are directly attached (welded) to the external boiler wall and, during the resistance 
measurement cycle, current is passed directly through the tube wall.  The system detects 
small increases in resistance (measured in nano-ohms) as the tube wall thins. By 
installing a matrix of sensor locations, measurements can be made between adjacent 
sensors to build up complete maps of corrosion behaviour over large areas of boiler wall, 
Figure 1. Maps can be presented in a variety of formats: corrosion rate, metal loss, 
remaining thickness and remaining life. Systems are now available in two forms: fixed 
systems for continuous monitoring and portable systems for periodic monitoring of 
corrosion activity at different locations, for example, in chemical and refinery sites. 
 
Three examples are given where the scanner has been successfully used to detect and 
quantify degradation of boiler tubes.  The first involves Drax power station in the UK, 
where classic fireside corrosion has previously been a major problem and recent low-
NOx burners and over-fired air systems have caused concerns.  The second is a fluidised 
bed combustor operated by LG Chemicals in South Korea, where erosion/corrosion is an 
ongoing problem.  The third involves a super-critical coal-fired boiler owned by 
Pennsylvania Power and Light at Brunner Island in the USA, where circumferential 
cracking of weld-overlaid tubes is a problem. 

 
FIRESIDE CORROSION IN A SUB-CRITICAL DRUM BOILER 

 
Fixed systems have now been installed on two 660MW PF-fired boilers at Drax power 
station. Drax has six 660 MW boilers: furnace wall tubing generally comprises 6.5 to 
9.0mm walls. These are allowed to corrode to a minimum of 2.5mm, beyond which the 
tubes may be at risk of rupture.  

 
In common with most stations, Drax is continually looking to improve operational 
efficiency and also has to meet new targets on gaseous emissions. Whilst the boilers 
undergo modifications to meet these objectives, the station has sought to monitor and to 
control corrosion activity with the help of the scanner technology. The scanner systems 
offer Drax several attractive features: 
 
�� Whole areas of furnace tube wall can be monitored directly - a distinct advantage 

over insert probes which monitor at single locations.  
�� Despite the hostile and thermally dynamic conditions at the boiler wall, corrosion 

rates can be quantified, and maps produced, typically within a few weeks from the 
start of monitoring. Higher rates of corrosion can be quantified more quickly. 

�� The systems are maintenance free at the boiler wall. Three boilers at Drax have 



exclusion zones (for safety reasons). 
�� The systems also provide information about the boiler wall’s thermal 

characteristics, for example monitoring slagging/fouling of the boiler walls. 
 
Over the last nine years, Drax has been gaining valuable information from these systems; 
their applications at the station are described below. 
 
Corrosion Evaluation of Weld Overlayed Tubing 
 
During the summer of 1999, replacement tube panels were installed in the centre of the 
Unit 4 boiler sidewalls, where tube wall corrosion was at its most severe. These panels 
were weld-overlayed, in situ, with up to 3mm of corrosion-resistant Inconel 625 alloy, 
Figure 2. At the same time a scanner system was installed in the boiler to monitor the 
performance of the overlay, Figure 3. The scanner soon confirmed that the overlay was 
performing well with very low rates of corrosion (less than 0.1 mm/yr) being recorded, in 
comparison to adjacent non-overlayed tubing, where corrosion rates were much higher 
(sometimes > 0.8 mm/yr), Figures 4a,b. Note that the scatter on these two (unfiltered) 
traces is principally due to uncertainties in mean tube temperature caused by the 
thermally-dynamic boiler environment (i.e. large spatial variations in heat flux caused by 
slagging of the boiler walls and turbulence of the hot gases). Recent refinements in both 
hardware and software has led to significantly improved data analysis and presentation. 
 
Analysis of the flue gases, using sampling ports located within the boiler sidewalls, 
showed that the CO content (an indication of reducing conditions) was highest towards 
the centre of the sidewall (up to 7000ppm) where corrosion rates were also highest. The 
CO content towards the corner of the boiler dropped to around 200ppm where corrosion 
rates were much lower. Thermal information acquired by the scanner showed that the 
higher corrosion rates were also coincident with higher wall temperatures. 
 
Unit 4 was shut down in the summer of 2002 for scheduled maintenance and EMAT 
survey data of remaining tube thickness, together with visual observation, were able to 
verify the scanner’s results - with very good overall agreement. 
 
Corrosion Activity Relating to Fuel and Operations 
 
Data from individual areas showed that corrosion rates varied considerably between 
summer and winter periods - rates had a tendency to increase over winter and into spring 
and subside during the summer and autumn periods, Figure 4b. The precise causes of this 
variation are not known but may be related to seasonal variations in moisture content of 
coal stockpiles. 
                                                                              
Depending on market conditions and the demand for electricity, boiler plant may be put 
on standby during night-time periods. Boilers are taken off load and tube temperatures 
drop considerably before being bought back on load again the following morning (so 
called two-shifting). There has been concern at Drax that this thermal cycling may 
damage the protective tube wall scales and accelerate corrosion. However, data acquired 



by the scanner suggests this is not the case at Drax, the cycling having little or no 
influence on the corrosion trends on the sidewalls of this cross-fired boiler, Figure 5.  
 
Corrosion Evaluation following Installation of Low-NOx Burners 
 
A second scanner system was installed on Unit 1 in the summer of 2001.  This system 
was considerably larger than the Unit 4 system and covered most of the boiler's two 
sidewalls, Figure 6. One of the principle roles of this system was to assess the effect of 
installing a new range of low NOx burners and also an over-fired air (OFA) system on 
sidewall corrosion:  
 
The Drax boilers are of a high thermal efficiency design - relatively large furnace 
volumes provide a long residence time for fuel combustion and, combined with turbulent 
burners and good pulverised fuel fineness, ensures maximum combustion with minimum 
excess combustion air. However, this high thermal rating is detrimental to NOx emissions 
(not an issue at the time of design). A programme of replacing the existing burners with 
low NOx burners has been undertaken over the past few years.  This has produced a 
corresponding reduction in excess air and an increase in reducing conditions local to the 
burners.  While the reduction in excess air has helped thermal efficiency, the effects on 
corrosion and boiler slagging have generally increased. 
 
However, to date, the scanner has shown that sidewall corrosion on Unit 1 has generally 
been low to moderate (typically less than 0.2 mm/yr) since the burners and OFA were 
installed, allaying concerns that corrosion rates might be excessive (and which may have 
resulted in an early shutdown and internal inspection).  
 
Boiler Wall Thermal Characteristics 
 
Temperature data acquired by the scanners can itself be valuable to the boiler operators. 
The temperature sensors can be used to build up maps (in real time) of the boiler wall's 
thermal characteristics i.e. water/steam, membrane, fireside temperatures and heat flux. 
These maps are able to show the effectiveness of tube cleaning procedures - a process 
where compressed air jets are used to remove slag from the tube surfaces during normal 
boiler operations. The maps also highlight areas with abnormal wall temperatures: a map 
showing excessive fireside wall temperatures (> 4800C) is shown in Figure 7. These 
excessive temperatures are most probably due to flame impingement from one of the 
wing-burners. To date this has not led to any seriously increased corrosion at this location 
although carbon steels should not be exposed to temperatures above 4500C in boilers for 
extended periods. 
 

CORROSION-EROSION IN A FLUIDISED BED COMBUSTOR 
 
Rowan Technologies was requested by LG Chemicals to carry out monitoring during 
coating trials on one of their fluidised bed combustors (FBC) in 2005/6.  The combustor 
walls have been subject to high rates of erosion/corrosion and LG were testing new 
erosion resistant coatings to improve their life. 



 
The tubes have a diameter of 63mm and a wall thickness of 5.6mm and are made from 
carbon steel SA210A-1.  The tube walls operate at around 320 to 330°C and the bed 
temperature is around 800 to 950°C.  The FBC is a circulating bed with a depth of 2.5m 
and a circulating velocity of 3 to 6m/sec.  The two coatings to be evaluated were: 

· Metal spray (Cr3C2-20 (Ni20Cr)) 
· Green coating (SiO2, Cr2O3) 

 
Note – These ceramic barrier coatings are electrically resistive and do not therefore effect 
the electrical resistance measurements. 
 
Scanner electrodes were installed in a matrix at 15 locations on the boiler wall, Figure 8. 
Current was passed sequentially between adjacent electrode locations to enable the 
resistance of 30 areas to be monitored.  The total monitored area (15m x 2m) 
encompassed the two trial areas (approximately 1m2 each) containing the protective 
coatings. The objective of the monitoring program was to establish when and where the 
erosion/corrosion was occurring and how protective these surface coatings were for the 
substrate steel. 
 
The project was carried out between August 2005 and February 2006.  Between August 
to November the corrosion activity was generally low, a maximum rate of 57 
micrometers/year was measured on the bare steel tubes and no corrosion was noted in the 
trial areas.  However, in the period December to February the corrosion/erosion rate 
increased substantially and all areas (including the coated tubes) now showed metal loss.  
 
A metal-loss map over the entire period is shown in Figure 9.  This shows significant 
metal loss below the trial areas and toward the bottom left hand side of the bed.  
Maximum corrosion/erosion rates were measured as 470 micrometers/year in this area.  
Higher metal loss was also noticed above the metal spray coating.  Only a small amount 
of metal loss (less than 100 micrometers/year) was noted on the coated areas indicating 
that they had provided protection in the short term.  However, once this coating had been 
eroded from the surface then corrosion of the substrate steel had increased.  This was 
confirmed by visual observation at the end of the trial.  The higher corrosion/erosion rates 
occurred during the winter months (December to February) and this was most probably 
associated with increased load from the boiler. 
 

CIRCUMFERENTIAL CRACKING IN A SUPER-CRITICAL BOILER 
 
The scanner systems are also able to detect crack initiation and growth on plant walls and 
other components.  A laboratory demonstration of this is shown in Figure 10.  PPL’s 
Brunner Island Unit 3 supercritical boiler has suffered ongoing problems associated with 
circumferential cracking of its weld overlaid furnace wall tubes, Figure 11. Rowan further 
developed the ER technology, under an EPRI contract, to detect and measure crack 
growth on boiler tubes.  The laboratory-based tests showed that the system was capable 
of detecting circumferential cracks on the fireside of weld-overlaid boiler tubes although 
the sensitivity of the system for this use was generally lower than that used to detect 



corrosion [3].  Rowan subsequently designed and built a corrosion/crack detection and 
thermal monitoring system and installed it on the Brunner Island Unit 3 boiler. 
 
During the resistance measurement cycle, current is first passed vertically through the 
tube wall and then passed horizontally through the same area of wall. The principle here 
is that vertical flow of current runs perpendicular to, and is more influenced by, the 
presence of any circumferential cracks (reflected by an increase in measured electrical 
resistance) as compared to horizontal flow of current which runs parallel to any cracks.  
This overcomes the requirement to temperature compensate the resistance ratio.  Thus the 
ratio of the two measurements provides a useful indicator of crack propagation through 
the tube wall – laboratory tests have shown that if the vertical measurement increases 
with time (due to crack initiation and propagation) relative to the horizontal 
measurements, then the ratio (vertical to horizontal) increases slightly as the cracks 
deepen.   
 
The system was commissioned in January 2007 and results to-date indicates that a few 
areas of the walls may be subject to crack growth.  An example 2D map of one test area 
on the front wall, giving the change in electrical resistance, is shown in Figure 12.  From 
the initial laboratory-based simulation of circumferential cracking [3], and using a density 
of 16 cracks/inch, this equates to a maximum depth (on the right side of the test area) of 
between 9 to 18 milli-inches (0.25 to 0.5mm) on the fireside crown of the weld-overlaid 
tubes.  This is close to the detection limit of the scanner.  Further monitoring is currently 
being carried out to quantify the rate of crack growth on this boiler. 
 

DISCUSSION 
 
Information on corrosion activity and remaining thickness, which the scanner systems 
provide, helps to remove uncertainty about the effects of changes in boiler components or 
operations - the outcome of these changes is now known within a matter of weeks rather 
than years. This helps to provide an early framework for planning future maintenance. If 
the scanner indicates low rates of corrosion, then this increases confidence in current 
boiler operations and could allow an extension of the interval between boiler shutdowns 
and maintenance. If the system warns of an excessive corrosion rate, then boiler 
operations could be modified to reduce the rates to an acceptable level to achieve the 
required service life. 
 
Managing furnace wall corrosion with the minimum of cost is clearly a key goal for 
future power generation. Where furnace wall tube panels are replaced at Drax, original 
6.5mm wall tubing may be replaced with 9mm facetted tubing, which generally has an 
increased lifetime. The installed cost of a single panel (roughly 15m high and 15 tubes 
wide) is around £38K. Applying weld overlay to a single panel costs around £50K, i.e 
£88K for a replacement weld overlaid panel. These costs do not take into account the loss 
in generating income while the boiler is shutdown. The cost of corrosion scanners 
typically range between £20 - £40K depending upon the area to be monitored. If the need 
for shutdown, inspection, tube replacement or the application of weld overlay can be 
reduced to a minimum then clearly the cost savings are substantial. The scanner systems 



are playing a key role at Drax power station in achieving this aim.  
 
The use of the corrosion scanner for detecting and quantifying crack initiation and growth 
in industrial plant is still in its infancy.  The system has been fully proven in the 
laboratory where temperature variation is low.  However, in plant where the temperature 
variation is far higher, extended monitoring is required before quantifiable data can be 
obtained. 

 
CONCLUSIONS 

 
1. The scanner systems have demonstrated their ability to provide information 

otherwise unobtainable during normal on-line operations. Corrosion maps provide 
a good indication of corrosion rates and remaining tube thicknesses without the 
need for plant inspection. 

2. The scanner systems are capable of detecting crack initiation and growth in 
industrial plant, although their sensitivity for this application is lower than that for 
detecting uniform corrosion.  

3. The scanners allow plant operational parameters to be optimised in terms of 
efficiency whilst maintaining corrosion activity at acceptable levels. 

4. The scanner’s output provides increased confidence in levels of corrosion activity 
thus allowing extended periods of plant operation between turnarounds. 

5. The scanner's thermal data can be used to provide real time maps of wall 
temperatures, heat flux and fouling, thus assisting boiler operators to schedule 
tube cleaning procedures. 

6. Systems are available in two forms: fixed systems for continuous monitoring, and 
portable systems to periodically monitor corrosion at many different locations, for 
example, in chemical and refinery sites. 
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Figure 1 Typical Corrosion Rate Contour Map (nm/hr). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 Inconel 625 Weld Overlay on Furnace Tubing. 
 



A: Tube Wall Thickness vs. Time: Weld 
Overlay 

B: Tube Wall Thickness vs. Time: Exposed 
Tubes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 Area Covered by the Scanner System – Drax Power Station 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 

 
Figure 4 Comparison of Corrosion Rates on Weld Overlaid and Bare Tubing. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 Corrosion Trends during Two Shifting 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6 Unit 1 Scanner System. 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 Typical  Thermal Map (Drax, Unit 1, °C) 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 Electrode Locations on Fluidised Bed Combustor showing Individual 

Measurement Areas. 
 
 
 
 

Figure 9 Metal Loss from the Fireside Wall due to Corrosion/Erosion after 132 
Days. The darker areas denote where wastage has been most severe. 
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Figure 10 Typical Increase in Electrical Resistance with Decreasing Depth of Crack 

for a 38mm Thick Steel Wall (laboratory based data). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11 Photographs of the Cracked Tubes. 
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Figure 12 Contour Map of Temperature Compensated Vertical Electrical Resistance 
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