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Reliability through Knowledge Based Inspection 

(KBI)

• Profit linked to reliability

• Necessary to maintain units on-line to be profitable

• Unplanned outages/ extended T/A’s can have severe financial 
impact

• Incidents also affect reputation and have safety consequences

• Change in service demand on the integrity of Boiler components







Survey of maintenance practices



Summary: Need for KBI
• Most inspection codes/standards based on LOF not COF

• Improve reliability and safety of each item and Reduce risk of high consequence 

failures of ageing plants

• Improve the cost effectiveness of inspection and maintenance resources

• Provide a formal justification to extend plant run-length time

• Provide a basis optimizing each item inspection interval and for shifting resources from 

lower to higher risk equipment

• Measure and understand the risks associated with current inspection programs & 

operational practices

• Measure risk reduction as a result of inspection practices
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Life limiting factors 

• Material defects

• Fabrication practices 

• Stress, stress concentration and stress intensity 

• Temperature 

• Thermal and mechanical fatigue cycles

• Corrosion concerns

• Improper maintenance, inspection practices



Failure investigation - challenge

• Boiler tube failure is an effect and not the cause.

• Minimizing the or eliminating the failure of tubes 

in India like the rest of the world represents the 

significant opportunity.

• According to EPRI power generation through 

fossil fuel it provides 3% of generation loss due 

to tube failure.  



Boiler tube failure: Categorized



Challenge for Power Plants

The challenge is that for most fossil power plants in 

operation today—which were designed and 

manufactured to be operated under baseload 

conditions—cycling to meet fluctuating demand 

levels causes disproportionate wear and tear on 

boiler and plant components, which often leads to 

damage.



Damage mechanisms 
Fluid side corrosion

• Oxygen pitting

• Under deposit corrosion—caustic gouging

• Under deposit corrosion—hydrogen damage

• Under deposit corrosion—phosphate corrosion

• Acid cleaning corrosion

• Internal deposit/corrosion product build-up 

• Flow accelerated corrosion 

Fireside 

• Fireside oxidation

• Fireside corrosion of super heater and re-heater tubing

• Fly ash corrosion

• Soot blower erosion

• Coal particle corrosion

• Steam impingement

• Fireside corrosion of water wall tubing

• Erosion 

• Low temperature (dew point) fireside 

corrosion

• Falling slag damage

• Tube rubbing

    Metallurgical damage 

• Rupture

• Short-term overheating (stress rupture)

• Long-term overheating (creep rupture)

• Graphitization

• Sigma phase embrittlement cracking

• Corrosion fatigue—waterside

• Corrosion fatigue—fireside

• Thermo mechanical fatigue

• Vibration fatigue

• Dissimilar metal weld stress rupture

• Stress-corrosion cracking

• Stress induced corrosion 



Bath tub curve for failures



Effective implementation to root out boiler tube failures

⚫ Solving BTF problems is best performed by a ‘plant team’ not by a single participant

⚫ Correcting the root cause (‘killing’ the mechanism), rather than ‘managing damage’ 

from overhaul to overhaul.

⚫ Action plans are prepared for every ‘repeat’ BTF problem or serious single problem. 

Action plans are separate and distinct to (a) eliminate or mitigate the problem, and 

(b) to correct the root cause(s) such that problems won’t reoccur in the future.

⚫ Senior corporate and plant management are committed to mechanism identification, 

root cause analysis and permanent corrective action.

⚫ Clear direction to corporate plant management, engineering operations and 

maintenance personnel on the conduct of day-to-day activities that influence root 

cause(s) of significant failures.



Concept of magnetite layer
• The primary constituent of boiler scales is magnetite (Fe3O4), which is formed as a result of the 

reaction of metallic iron with high temperature steam. High temperature water and steam that 
typically range from 150 to 485°C promote fast corrosion reactions. Since no oxygen is normally 
present, the primary corrosion reaction in an operating boiler is 

  3Fe     +      4H2O                     Fe3O4      +        4H2

 Iron       Water or Steam      Magnetite        Hydrogen Gas

• The product of the process is black iron oxide, or magnetite. This reaction is the cause of all 
boiler corrosion. Fortunately, this same reaction prevents excessive corrosion. 

• When magnetite layer grows to a thickness 0.005 to 0.018 mm, damaging corrosion stops. The 
magnetite layer which is continually being weakened or damaged by changing temperatures 
and the dynamic boiler environment.



Undesirable scale 



Typical scale pattern in supercritical boiler tubes



Identification of damage can be a tip of the iceberg 

There are primary and secondary 
failures.
Condenser leakage  can cause  
secondary damage in side the 
boiler. 
Disturbance in water chemistry can 
lead to serious problems. 



Team study TCR & Your company 

⚫ Team study facilitator  (inspection 
& integrity assurance experience)

⚫ Plant Inspection Engineer

⚫ Plant Operations Engineer 

⚫ Plant Process Engineer 

⚫ Metallurgist (with equipment 
Damage Mechanisms & failure 
analysis experience)

⚫ Sr. NDT Expert (need basis)



Identify ‘Active’ & ‘Potential’ Damage Mechanisms (DMs)

Evaluate Failure Mode for each DM

Determine HSE & Business Consequences of Failure (COF) for each DM

Evaluate or calculate Probability of Failure (POF) for each DM

Based on COF for each DM, define acceptable HSE and Business Risk positions

Evaluate or Calculate latest Inspection Date for each DM

Optimize Inspection Interval so that risk profile of the Item is acceptable

Define Inspection Methods & Inspection coverage for DMs

Define Operating Limits and any Maintenance issues that can affect damage rates

Specify any risk mitigation actions or any anticipated repairs at the next TA, 

to help plan ahead

Team Study Process



Limitation of each NDT Technique
Technique Applicability Limitations

DPI All materials Surface only

MPI Ferromagnetic materials Surface or up to 2 mm subsurface, 

surface preparation required

UT Most materials, surface or subsurface Can be operator dependent, prone 

to defect sizing errors

Radiography All materials, surface or subsurface Defect orientation/size limitations, 

need access to both sides of 

component

ECT Mainly non-magnetic materials, surface and limited 

subsurface, also crack sizing

Operator dependent, sizing 

limitations

Potential drop All steels, surface crack sizing Limited accuracy and reliability

Replication All steels, surface, early stage of creep damage, 

identification of damage type

Highly operator dependent and 

interpretation expertize required
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EFFECTIVE INSPECTION 
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ Two longitudinal wave (L-wave) angle beam transducers employs

➢ One probe acts like a transmitter while the other probe receives 
the ultrasound energy. 

➢ The transducer, pulsar and amplifier characteristics are selected to 
generate as broad distribution of energy as possible over the 
material under test providing full weld coverage. 

➢ A single-axis scan (that is, along the weld), with a position encoder 
records the position of the weld and enables the display of digital 
images in real time.

1) TOFD-Time Of Flight Diffraction
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ The PA probe consists of many small elements, each of which can be 
pulsed separately. 

➢ In the figure- the element on the right is pulsed first and emits a 
pressure wave that spreads out like a ripple on a pond (largest 
semicircle). 

➢ The second to right element is pulsed next, and emits a ripple that is 
slightly smaller than the first because it was started later. The process 
continues down the line until all the elements have been pulsed. 

➢ The multiple waves add up to one single wave front travelling at a set 
angle. In other words, the beam angle can be set just by programming 
the pulse timings.

2. PAUT-Phased Array Ultrasonic Testing



www.tcradvanced.com

ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ It is the inspection of objects or areas usually inaccessible to the eye 
without disassembling surrounding structures or machinery. 

➢ It allows inspectors to discover hidden discontinuities before they 
may cause major problems, e.g. poor welding, surface defects like 
ligament cracking, corrosion pits, general condition, degradation, 
blockages and foreign materials

➢ We can find out nature of defect and location of defect but cannot 
quantify it. i.e., qualitative analysis no quantitative analysis

3. Remote visual inspection of headers (Videoscopy)
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ It works on principle of magnetic flux leakage

➢ It cannot detect defects like lamination and cracks if oriented in 
direction parallel to the field of magnetic flux

➢ Thickness loss also may not be accurately obtained – advised to carry 
out follow up UT at suspected location

4. Low frequency eddy current testing  
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ Microstructure shows presence of fissures from ID due to HTHA

➢ Other techniques  to detect HTHA are as under:

• Attenuation measurement

• Spectral analysis

• Velocity measurement

• Back scattered technique

• In-situ metallography

• WFMPI

5. AUBT on water-wall tubes 
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ RFET has been primarily applied to ferromagnetic 

➢ Two sources of magnetic flux are created in the tube interior; the 
primary source is from the coil itself, and the secondary source is from 
eddy currents generated in the pipe wall. 

➢ At locations in the interior, near the exciter coil, the first source is 
dominant, but at larger distances, the wall current source dominates.

➢ A sensor placed in this second, or remote field, region is thus picking 
up flux from currents through the pipe wall.

6. Remote field eddy current testing (RFET)

 

http://i01.i.aliimg.com/img/pb/511/232/385/385232511_045.jpg

http://www.huntingtontesting.com/wp-content/uploads/2013/07/Eddy-Current.jpg

http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwit2cXg7PjJAhWEH44KHYDEBHAQjRwIBw&url=http://www.alibaba.com/product-detail/Multi-frequency-remote-field-eddy-current_474963873.html&psig=AFQjCNGeqJXje3XJMQZdWH7EanWQgmlUWg&ust=1451195431433850
http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjm0Nz57PjJAhVNBI4KHfLNBDEQjRwIBw&url=http://www.huntingtontesting.com/services/nde/eddy-current/&psig=AFQjCNGeqJXje3XJMQZdWH7EanWQgmlUWg&ust=1451195431433850
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

➢ Thickness of oxide helps to predict tube life

➢ As the internal oxide scale builds above 0.013” (0.33mm) it impedes 
the heat transfer between the tube metal and the steam 

➢ Transducers: N2091-normal incident shear 20MHz (0.006”)In. or 
0.15mm min. internal oxide)

➢ Measures and displays oxide and tube thickness at the same time

8. In-situ internal oxide scale thickness measurement
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ADVANCED NDT TECHNIQUES FOR 

Remaining life Assessment (RLA)

10. In-situ metallography

❖ Isolated cavitation damage is in the Cr-Mo weld after 25 
years of service in the power plant. Carbide formation and 
cavitation damage is observed. 
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CREEP MEASUREMENT AND LIFE 
ASSESSMENTS 

▪ Metallographic methods have been developed that can 
correlate cavitation damage.

▪ In boiler cavitation is the principle damage mechanism.

▪ Creep cavitation model is developed which measures 
number of cavities scanning electron microscopy at 
various stages of creep.

▪ Ratio of cavitated boundaries to total boundaries of 
intersect provides creep life. 
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RLA: APPROACH BASED ON METALLOGRAPHY 
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Ref: Metallographic Atlas for 2.25Cr-1Mo Steels and
Degradation due to Long-term Service at the Elevated
Temperatures
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PLANTS ADOPTING KBI: Manifold benefits 
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• NDT methods effectiveness & capability are better defined

•   Identification of potential damage mechanisms (DM)

• Inspection coverage (susceptible locations) for identified DMs

• Identification of key process parameters and assessment of proposed 

process changes affecting degradation rates

• Operational limits (e.g. temperature, composition) are better defined to 

prevent increase in damage rates or initiation of new damage 

mechanisms

•   Documentation of current plant configuration and materials of 

construction

•    Improved team working and communication between all departments
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Our prime objective is to help companies

achieve

Overall Integrity, Reliability, Safety &

Optimization  and

Maintenance Excellence

34

Asset Integrity & Optimization Management (AiOM)

Adding Value to Company’s Bottom Line
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IOW - INTEGRITY OPERATING WINDOWS
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AiOM – 
Asset ANALYTICS

Asset KPI History Integrity 

Bad Actor Statistics



Questions?
paresh@tcradvanced.com

www.tcradvanced.com  

mailto:paresh@tcradvanced.com
http://www.tcradvanced.com/
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