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Abstract 
Traditionally, NDT technologies have been developed for testing during construction and more specifically for 
testing of welds. Increasingly however, these techniques are used for testing in the in-service life-cycle stage of 
industrial assets.  In the context of stricter regulations, NDT methods are not always suitable for finding the 
answers to the engineering questions that the data is being collected for. 
 
This paper will first analyse the gap between current NDT techniques and the accuracy and performance 
required for modern applications, like wall thickness trending and finding specific types of corrosion. Data from 
several projects will be used to illustrate the gap. The findings will then be used to create a framework for how 
NDT technology could be developed towards meeting these requirements. Examples of current research at the 
Applus RTD Technological Center will be presented to further clarify the framework. 
 
Keywords: New technology, wall thickness measurement, profile radiography, IWEX, Fitness for service 
analysis 
 

1. Introduction: a vision for innovating NDT technologies 
 
NDT can be a sector in which innovations are introduced and accepted as fast as in any other 
high tech sector. The value of NDT is sufficient to justify the investments needed, and 
likewise the pay-out of these investments can be very attractive. The key is recognizing and 
expressing the value that NDT brings to industry. This is not an idle statement: Applus RTD 
has grown with over 10% compounded annual growth rate for the last 12 years, based on a 
strategy in which innovation has been the most important factor that added profitability. In 
this paper we state the long term vision of Applus RTD moving forward in this process of 
innovation. 
 
2. The larger process of technical assurance and evolving NDT 

performance characterization 
 
What is NDT used for? How is it used? What is the information gathered used for, by the 
person receiving it? Asking a field technician, he will be able to answer the first question: he 
is testing a weld, a vessel, an aircraft component. The answer to the second question may 
surprise you: in many cases a technician will assume that the information is not used at all; 
that the client is only interest in the object receiving the ok stamp. The technician will have 
applied his acceptance criterion and will have decided whether the component is acceptable or 
not. Even if the technician assumes the use of his data, he will typically not be knowledgeable 
about this exact use and will not be able to adjust the execution and reporting of the NDT 
investigation to the eventual purpose of the data. 
 
NDT is part of a larger process of technical assurance. The data collected by the NDT 
engineer fits in a larger process where e.g. the quality of manufacturing or quality of asset 
management is controlled. In most cases NDT will not be the only technical activity 
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performed, and additional materials testing, chemical analysis, mechanical maintenance and 
process controls will be performed. All the information gathered this way finally serves to 
decide whether the object tested is fit for the role it is intended for, and will be over time.  In 
this paper, the decision made in this larger process is referred to as an engineering decision. 
 
Many NDT technologies have originally been developed for testing during construction, and 
more specifically for testing of welds. Weld testing is still today mostly done against 
workmanship criteria. While using workmanship criteria, the main determination of the 
quality of the weld is not performed with NDT but rather with destructive material testing [3 
and 4]. The properties of a single weld are tested and the assumption is made that welds 
produced in a similar manner will have the similar properties. NDT is used to ensure that this 
similarity is controlled. In this case, the NDT technician mentioned above would be right: his 
radiograph was only used to check if the welding was performed adequately. 
 
As a comparison, the basic mode of ultrasonic testing is the comparison of a known reflector 
to a flaw. The system is calibrated on e.g. a drilled hole or a step wedge and indications are 
compared to the reflection of this drilled hole or the time-of-flight of the steps reflection. 
Again, the technician performing this work typically knows very little about the usage of the 
information he is collecting. 
 
Over time the use and capabilities of NDT has expanded. In the early 1970s several NDT 
technologies emerged that were able to give quantitative results. In parallel requirements 
resulting from the need to extend the lifetime of assets changed the way in which NDT data 
was used. During this time, POD was introduced as a measure for smallest defect to be 
identifiable [1]. According to Rummel it is now widely misunderstood in industry as a 
reliability measure for NDT, while in fact it is an element of capability assessment of a 
combination of factors including, but not limited to, the technician and the procedure. 
 
Automated Ultrasonic Testing (AUT) of welds, which also yields quantitative results, is 
associated with another change in the use of NDT data. Indications found with AUT are 
generally evaluated against Engineering Critical Assessment (ECA) criteria, in which size of 
the flaw is evaluated against the flaw size that would lead to collapse. This practice needed 
another way of evaluating NDT performance, which in this case is expressed as a combination 
of Probability of Detection and sizing error. The practice for calculating the POD is very 
different however from the practice used by Rummel, as in this case the POD and sizing error 
are determined from as few artificial defects as possible (29, the minimum number of 
observations leading to 95% confidence according to the binomial distribution) [2], instead of 
hundreds typically used in aerospace NDT. 
 
Another example of a new way to access NDT performance was the NIL-KINT thin plate 
study performed between 1991 and 1995. In these joint industry projects it was realized that a 
different way of accessing NDT was needed to make the statements about performance and 
reliability valid for the environment of an oil, gas or chemical plant. In plants the difference 
between components are so many, and the degradation mechanisms so divers, that POD as 
calculated from observations of a single defect type is meaningless. Instead all different defect 
types were taken together and combined with the Falls Call Rate (FCR) as Reliability R = 
POD x 1/FCR. Note that again these performance measures are in no way comparable to the 
corresponding ones with the same name [5]. 
 



Finally, in the age of computers, we see an increasing use of simulation and modelling to 
determine the effectiveness of NDT techniques and NDT procedures [6]. Many ENIQ 
qualifications are performed with modelling to back up validation on samples. 
 
 
3. Possibilities of current NDT performance 
 
Over time, the performance of NDT has increased dramatically and it is against this 
background that we state that a new approach to NDT innovation is possible. With current 
NDT performance, it should be possible to directly use the NDT result for the engineering 
decision being made on it. At present this is a possibility only and not a reality. However, 
several examples from inside Applus RTD can be used to illustrate this possibility. Bringing 
NDT to this level will require increasing mechanisation, combination of techniques, 
automation of interpretation and inclusion of engineering calculations in NDT systems. 
 
Whatever performance measure is used for an NDT system, an important issue remains. The 
perceived value of NDT is highly asymmetric depending on whether a defect is detected or 
not. If a defect is present and found, it is clear that we have a defect and something has to be 
done about it. (Whether we are happy about this is another matter). The value generated by 
the event is clear. If a defect was detected and no defect was present, the value generated by 
the event is also clear. However if no defect is detected we are left uncertain, but will assume 
that no defect was present. The value generated by the event is unknown in this case. Many 
recipients of NDT services will therefore doubt the utility of performing NDT and determine 
that given nothing was found, a whole lot less of it is needed. This is the same for NDT 
methods with good performance and NDT methods with bad performance. The tragedy of 
NDT is, that if it work properly and improves quality, it becomes harder to innovate. 
Innovation is never just new technology, but also a new value proposition. It is therefore 
important that value of NDT is expressed clearly. 
 
In PhD research on innovation in NDT [7] only one respondent was able to quantify the value 
of NDT. This was done by comparing the cost of performing the new (innovative) NDT 
technique with cost of the incumbent one. In many cases the cost was reduced by improved 
productivity or by mechanized measurement, or by reduced cost of accessibility. For a service 
provider however, while he thinks he is expressing value, he is in fact still having a cost based 
conversation. To go beyond this, and talk about the value of NDT, the engineering decision 
has to be entered into the conversation. 
 
4. Expressing positive value 
 
NDT service providers typically get accessed on cost. In extreme, but not uncommon cases, 
this comparison is done based on unit rates. For example, in some cases wall thickness 
measurements in refineries have been tendered over internet with the work going to the 
company with the lowest price per measurement. In most cases however the assessment is 
combined with the capabilities of the service provider to deliver multiple techniques, his 
reputation, and other factors. The basis of the comparison however remains cost. 
 
If the value of an innovation has to be assessed this is usually done by comparing the cost of 
one solution to another. As an example, Guided Waves testing of insulation piping will not 
need all insulation to be removed and thus create a saving compared to the cost of visual 
inspection which required will insulation removal. This kind of comparison can get 



complicated if the two solutions have a dissimilar make-up. Some solutions have high 
preparation or qualification cost, while others have a high cost in consumables, accessibility 
or incidental cost. The comparison becomes misleading if one of the techniques leads to 
mistakes and false decisions. 
 
For in-service testing, several value frameworks have been proposed to express the value of 
NDT innovations [8, 9]. However at their core, all of these are expressing value as cost 
compared to another scenario. If we want to move away from cost based approaches, we need 
to look at the value associated with the engineering decision. These engineering decisions 
often deal with multi-million dollar questions. Examples are the cost of downtime of a 
refinery or chemical plant, or the decision to repair or replace an aircraft. The relationship 
between the impact of the engineering decision and NDT data collected creates a much more 
powerful link to value than the comparison of cost of alternatives. 
 
Value of NDT becomes even clearer if the impact of engineering decisions made wrong is 
considered. An industrial accident may cost billions as is evident from some examples where 
better NDT or inspection could have prevented the accident.  
 
Some examples where NDT data might have made a difference 
  Richmond Refinery explosion [14]  Mihama nuclear disaster [15]  Sissonville pipeline rupture [16] 
 
In each of these cases lacking NDT and inspection is at the heart of the disaster. The links 
provided include accounts that show the deficient inspection practice. 
 
In the remainder of this paper, we will first give two examples where data quality is 
insufficient for answering engineering questions. We will then discuss what different kind of 
engineering questions are encountered and what their associated value is. Finally some 
examples of new NDT technology being developed at the Applus RTD Technological Center 
will be presented, including the way in which the engineering decision has been link to the 
measurement method. 
 

5. Case 1: Wall thickness measurement 
The current quality of wall thickness measurement in the field is insufficient for the intended 
purpose of trending of the wall thickness over time. Technically it is possible to achieve the 
desired results, but technicians are currently unable to achieve them with training, equipment 
and/or procedure they are using. In several qualification trials, research at HOIS and PANI 
[11, 12] and in internal research at Applus RTD this was confirmed. 
 
In the USA asset owners in the oil and gas industry are moving to the Chevron model of 
qualification [10], meaning that each person has to personally take an exam to be allowed to 
work for the asset owner for each technique. In this model neither company certification nor 
third party certification is accepted. 
 
The techniques used for in-service thickness measurement have been derived from similar 
techniques in construction inspection. In the case of wall thickness reading, the techniques has 
been derived from finding rolling defects on new steel plates in which the technical 



complication present in in-service inspection are not present. The technical issue involved in 
in-service wall thickness reading are related to several factors: 
  The near surface having a coating and/or corrosion  The far surface having corrosion  The material having an unspecified temperature that needs to be compensated for  Distinguishing between corrosion and laminations  Client specifications not distinguishing between data logging, wall thickness reading 

and corrosion measurement 
 
None of these factors are captured in regular level 2 training, and without taking them into 
account the wall thickness measurement will fail to achieve the 0.1mm accuracy needed to 
perform wall thickness trending. The required level of technician performance is possible. 
This has been shown by (1) performance of technicians working at Chevron who had passed 
the exam, (2) improvements in the Aberdeen region of technicians after PCN had revised 
training programs and (3) research at HOIS. Investing in additional training and spending 
money on better specifications and procedures has proven to be very difficult however in a 
paradigm where effectiveness is determined based on cost per location. 
 
6. Case 2: profile radiography 
The new possibilities of digital radiography have created an increased demand for on-stream 
radiography. Not only have digital systems dramatically reduced the need for retakes; the 
resulting digital radiographs give much more information. Most importantly, it has become 
possible to perform a wall thickness measurement in the image. 
 
In response to these developments the HOIS joint industry project started an investigation into 
the reliability of these measurements and their procedures in 2005 after poorer than expected 
performance of CR in CRIS trials. Recommended practices were published between 2006 and 
2009. Recently the Recommended Practices has been revised [17] to bring it in line with the 
new ISO 17636-2 radiography standard. In turn the recommendations of the RP have been 
implemented in the EN standard for tangential radiography standards EN 16407-2. 
 
One of the applications of in-service wall thickness measurement is the determination of 
remaining steel thickness under corrosion patches. If enough steel remains, the corrosion 
product can be safely removed. In several practical situations the remaining steel turned out to 
be much less than expected, leading to dangerous situations and hydro carbon release. In 
response a safety alert was issued warning against taking too few exposures around the 
circumference of piping while assessing corrosion damage and even then a 1.5mm sizing 
error should be taken into account. 
 
This case gives a good example of a fairly straightforward engineering decision (remove the 
corrosion scab or not) which needs careful consideration on the way NDT is performed. Also 
in this case, the diligence needed may very easily come under economic pressure. 
 
7. Types of engineering information 
 
The decision made on NDT data can be very diverse. A number of typical decision can be 
distinguished however. Table 1. gives an overview of several typical types of information 
gathered with an example of an engineering decision associated with that kind of information. 
  



Table 1. Engineering decisions with associated performance metrics 
Type of engineering 
information 

Associated engineering decision Associated reliability metric 

Confirm to be defect free New construction Biggest defect missed (POD) 
Defect frequency Process optimization (lean, 6σ) Standard deviation of errors, 

confidence statistics 
Defect growth stage or rate Risk based inspection Trending error, coverage 
Defect dimension Inspection of critical components Sizing error, defect type 
 
This overview shows how the engineering decisions and reliability metric (error) are related. 
Engineering decisions can be made better if the right reliability metric improves. This is than 
typically translated in lower safety margins in the design or longer inspection intervals. 
 

8. Innovation direction 
 
The NDT needs of Client are different depending on the engineering decision they are trying 
to make. This can be used to improve NDT systems in a meaningful direction. Knowing the 
performance metric of the engineering decision at hand will allow for directing system 
performance developments. It will not help to improve POD if in fact improvement of 
coverage is needed, while in fact mechanization of measurement that improves coverage may 
be much easier than improving POD for small defects. An important point is that depending 
on the integrity management system of the client, different improvement may be needed, as 
the integrity management system guided the way in which the engineering decision is finally 
made. For example, a risk based inspection system may need improvement in measurement 
repeatability, which is meaningless for an integrity management system that tries to eliminate 
individual defect mechanisms. 
 
A number of technological directions have been identified that fulfil the need of specific 
integrity management system needs. These include: 
  Monitoring solutions  Automated interpretation  Inclusion of assessment calculation in NDT systems  Mechanization and robotics  Combining different NDT and measurement technologies 
 
 

9. Case 3: laser profilometry on pipeline corrosion 
 
When corrosion is found in a pipeline, the severity has to be assessed in order to determine if 
the pipeline is still fit for service. In the USA Applus RTD uses the Laser Pipeline Inspection 
Tool (LPIT) to accurately measure the depth of corrosion and calculate what the remaining 
operating pressure is. The measurement method used in LPIT is laser profilometry. LPIT was 
developed in cooperation with EWI, funded by Pipeline Reseach Council International 
(PRCI). 
 
It is important to realize however that this is not the only technique used. In addition many of 
the parameters of the environment around the pipeline are measured. This includes soil 
chemistry, pipeline settlement and GPS coordinates. Also other damage features are measured 
with a number of other NDT techniques, including Phased Array, TOFD and PMI. 
 



Integrated in the inspection system is a FFS calculation according to any of the usual 
standards for defect assessment e.g. ASME B31G. This is reported in a format that is 
recognized by the regulator meaning that decisions can be made quicker and the pipeline can 
be return to operation with minimum delay. 
 
The accuracy to the measurement additionally allows for the use of this data for post 
calibration of ILI tool performance which could prevent additional excavations. The 
performance metric that is improve here, is the measurement error of MFL tools used for 
internal inspection of the pipeline. 
 

10. Case 4: Girth weld testing using IWEX 
 
Inverse Wavefield Extrapolation (IWEX) is a close cousin to TFM (Total Focussing Method) 
ultrasonic array testing. In qualifications (to be published at IPC later in 2014) the system has 
been shown to have number of advantages of the current method of Automated Ultrasonic 
Testing (AUT) [3].  
  Defect sizing is more accurate  Embedded and surface breaking flaws can be more readily distinguished  Defect characterization is improved  Results have a potential for use in finite element calculations 
 
With these advantages pipeline engineers have expressed that they expect two ways in which 
IWEX adds value. Primarily, the improved defect detection allows for the use of higher 
grades of steel and therefore lighter pipeline construction. This is a major saving on the 
construction of new pipelines. Secondly, better characterization of defects will lower the 
repair rate on pipeline construction. These two ways of adding value will create saving that 
are signification to the whole pipeline cost, rather than just the NDT cost. 
 

11. Conclusions 
 
In this paper it has been argued that given the improved performance of NDT systems, it is 
possible to perform NDT innovation in a new way. Not only will this improve technical 
performance, it will also allow for NDT to be compared on value rather than cost.  
 
The new way of innovation is by aligning the NDT development with the engineering 
decision that is made with the data collected. Different engineering decisions are related to 
different performance metrics of the NDT system giving a clear direction for developments. 
Also, being aware of the engineering decision will allow for implementing assessments into 
the NDT system. In order to do this, additional data may need to be collected with multiple 
techniques. 
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