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Abstract. The presence of Hydrogen in industrial plants is a source of damage. 
HTHA is one such form of degradation which is due to the formation of Methane 
(CH4) by reaction with carbon in steel. HTHA can occur either in the parent 
material or in the weld itself and manifests itself in several types of alloys.  
 The presented HTHA inspection methodology gives and absolute indication of 
the presence of HTHA in parent material as long it is above the (low and safe) 
detection threshold. Decisions can be made immediately, there is no risk of an 
ambiguous result. If necessary in order to measure the progress of attack, the 
inspection methodology generates data that can be monitored very accurately, on-
line, and at temperatures of up to 450 degree Celsius. 
 The Inspection methodology uses advanced techniques including Time of 
Flight Diffraction (TOFD), Phased Array (PA), Ultrasonic Backscatter, Frequency 
analyses (FFT) and Advanced Velocity Ratio (AVR) measurements. This inspection 
methodology meets the HTHA inspection approaches given in the API 941. 
 Destructive test result will be shown, and the correlation with NDT results will 
be given. 

1.Introduction 

The presence of Hydrogen in industrial plants is a source of damage. High temperature 
Hydrogen Attack (HTHA) is one such form of degradation which is due to the formation of 
Methane (CH4) by reaction with carbides in steel.  

HTHA can occur either in the parent material, in the weld, or in the heat affected 
zone itself and manifests itself in several types of alloys. The probability of HTHA damage 
in plant is dependent on the partial hydrogen reassure and operating temperature. Methane 
formed by the reaction accumulates at internal voids on the grain boundaries, where at 
certain conditions the build-up can produce micro-cracks. In the weld material this leads at 
the worst case to a leak before break situation but when the damage is in the parent 
material, the result can be catastrophic.  

HTHA can be detected in a number of ways, but the most reliable approach is to use 
a cocktail of techniques.   
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2. Detection and Quantifying of HTHA using advances techniques 

This developed methodology combines advanced signal processing and imaging of the 
results in the Mistras’s Eurosonic’s data acquisition system, utilizing advanced techniques 
like Time Of Flight Diffraction (TOFD), advanced velocity ratio technique (AVR), and 
AUBT including Spectrum analyses (FFT) These are used in conjunction with the Phased 
array technique.  

2.1 HTHA detection and quantifying on Parent metal 

A combination of the AUBT, Spectrum analyses and the velocity ratio measurement 
technique is adopted.  

 
2.1.1. The advanced ultrasonic backscatter technique (AUBT) 

The advanced ultrasonic backscatter technique (AUBT) is used first as a screening tool to 
identify the presence of micro-cracking in parent material, these are rapidly detected by 
scanning using a straight beam transducer. The method enables the early recognition of 
potential HTHA sites based upon the amplitude of reflections caused by micro-cracking. 
Indications of HTHA are noted, and locations are selected for subsequent assessment for 
HTHA using the Velocity ratio and Spectrum analysis techniques. 

Characteristics of the Backscatter technique:  Backscatter is used as a scanning tool  It is a fast screening technique to cover large surfaces for the detection of potential 
HTHA  It quantifies the approximate amount of attacked wall thickness in millimetres  Detection threshold: The threshold of detection for the backscatter method was 
found by microscopic inspection of cross-sections removed from material which 
had been affected by HTHA, and then correlating the UT signature with micro-
crack count.  
It was found that the detection of HTHA is reliably in such an early stage of attack 

that failure of the asset is unlikely at that moment. If 100% of the wall thickness is attacked, 
the backscatter technique will not be effective for HTHA detection since there will be no 
clear difference to be seen between affected and unaffected material. 
 

2.1.2 Spectrum analyses (FFT) 

If HTHA is present, the high frequency part of the spectrum of the received ultrasonic pulse 
is significantly more attenuated than the lower frequencies. 

Characteristics of the Spectrum analysis technique:  It is applied as a point measurement  It discriminates between:  Inclusions induced during manufacturing of the material and:  Micro cracks on the grain boundaries filled with Methane (CH4),  caused by HTHA  It provides detection of HTHA, for damage between 0 and 100% of the wall 
thickness   It cannot provide a reliable determination of the extent of attack in terms of wall 
thickness damaged 
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2.1.3 Velocity Ratio measurement  

The Velocity ratio technique uses the difference in ratio between longitudinal and 
transverse sound velocities in good material, when compared with material attacked by 
HTHA. In an area of material affected by HTHA both the longitudinal and transverse sound 
velocities can change, but not by the same degree. In the affected area the ratio between the 
longitudinal and transverse sound velocities becomes larger. This also means that over the 
total thickness (which includes affected and non-affected material) the calculated velocity 
ratio will also rise. 

By means of the velocity ratio technique, it is possible to confirm the cause of the 
backscatter indications. If the ratio does not change, the material is unaffected by HTHA, 
which means the backscatter was caused by phenomena other than HTHA.  

Final analysis of the measured values uses an advanced calculation program, based 
on many measurements and reference values. With this calculation tool, the thickness of the 
attacked wall is calculated, enabling a reliable and reproducible measurement in terms of 
the presence and extent of HTHA. 

Characteristics of the Velocity ratio technique:  It is a point measurement  It discriminates between:  Inclusions induced during manufacturing of the material and:  Micro cracks on the grain boundaries filled with Methane (CH4),  caused by HTHA  It quantifies the extent of the attacked wall thickness in millimetres by use of the 
advanced calculation program  Detection of HTHA is possible even when 100% of the wall thickness is damaged  
 
The detection threshold/measurement accuracy is also calculated by the advanced 

calculation program.  

2.2 Parent material inspection approach on site 

To inspect a plant for possible presence of HTHA an accurate inspection plan is made with 
the AUBT, on the most critical areas i.e., at highest temperature and /or highest partial 
Hydrogen pressure). For pipes and vessels a area’s of approximately 400x400 mm are 
scanned at several locations. In order to discriminate between HTHA and small inclusions 
and to verify the attack, additional measurements are taken with the velocity ratio technique 
and spectrum analysis.  

2.3 Detection and quantifying  of HTHA at HAZ and Welds 

To detect micro and / or macro cracks induced by HTHA, the TOFD technique is used in 
combination with angle beam shear wave, e.g. using Phased array technique. The use of 
two techniques increases the reliability of the detection of macro cracks.. Micro-cracks 
although detectable, discriminating them with other weld defects could cause a few 
problems. For the discrimination the Spectrum analyses is used.  

2.4 Weld and HAZ inspection approach on site 

The most critical welds will be chosen for preferable 100% inspection with TOFD and 
angle beam shear wave. 

Welds that are inaccessible to TOFD are inspected using the back-scatter technique. 
For these the weld caps are ground off and a base-line survey is carried. Velocity ratio 
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measurements, and spectrum analyses are then used to cross-check in a similar manner to 
the inspection of the parent material.  

3. Advantages of this approach  

 The inspection approach has high reliability and reproducibility.   It is possible to detect HTHA attack at an early stage.   No need to monitor for characterizing the HTHA. The discrimination between 
HTHA and other inclusions is reliable.  Monitoring is often possible up to 400 degree Celsius  Examination is non-intrusive. Intrusive is also possible.  All data are stored for easy and quick reference at any time in the futur 

4. Conclusions 

With the presented cocktail of inspection techniques to detect and quantify HTHA, a 
reliable inspection approach is described, based on more than 25 years of experience. 


