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Abstract. Second party (employer based) qualification and approval, for example in 
accordance with ANSI/ASNT CP-189, or independent qualification and third party 
certification, for example, in accordance with ISO 9712 or EN 473, followed by on-
the-job training may not provide the required degree of confidence for safety critical 
inspections, and this standard provides criteria to assist in preparing an individual for 
performance based qualification examinations. 

Performance demonstration establishes the ability of a specific examination system 
(i.e. equipment, procedures and personnel) to achieve a desirable level of 
performance.  The pre-established criteria for acceptable performance is based on an 
industry obtaining desired test results on flawed and non-flawed qualification 
specimens including an established acceptable false call rate using qualified 
procedures and equipment. 

ISO CD 11774 provides a method for qualification of non-destructive testing 
personnel for specific non-destructive tests conducted in accordance with 
documented procedures established within a performance based qualification 
program. The qualification methodology described is based upon the candidate’s 
ability to demonstrate capability in detecting and sizing critical flaws equivalent to 
those to be detected and sized in the performance based qualification program as 
established by the ISC. 

This paper describes the methodology developed by the technical experts of WG7 
and incorporated into the present Committee Draft, which has been approved for 
fast-track progression to DIS status. 

4th European-American Workshop on Reliability of NDE  - Th.5.A.3

1

w
w

w
.ndt.net/index.php?id=

8347
M

or
e 

in
fo

 a
bo

ut
 th

is
 a

rti
cl

e:
ht

tp
s:

//w
w

w
.n

dt
.n

et
/?

id
=8

34
7



1. Introduction 

Performance Demonstration or Qualification establishes the ability of a specific 
examination system (i.e. equipment, procedures and personnel) to reliably achieve a desired 
level of detection.  Performance Demonstration is generally applied to safety critical 
inspections where the consequence of failure is intolerable, and a high Probability of 
Detection is required. 

This paper describes the qualification methodology proposed in ISO CD 11774, and why 
the standard is being developed. But first we need to understand clearly what is meant when 
we use certain terms … 

2. Definitions of Terms 

2.1 Qualification (of NDT) 

Confirmation by examination and/or the provision of objective evidence that the particular 
requirements for a specific application of NDT are fulfilled.  

But why qualify NDT for a specific application? A generic practical qualification 
examination may be fine where a low POD is acceptable because the product inspected is 
not safety critical. However, possession of a generic certification of competence, i.e., ISO 
9712 Level 2 ultrasonic testing of welds, may promote a false sense of security. So we need 
to get specific when we want reliability. 

2.2 NDT Reliability 

Reliability = Reproducibility (Calibration) + Repeatability (Process Control) + Capability 
(POD) or, to put it another way, NDT reliability is the probability of detecting a crack of a 
given size under specified inspection conditions and procedures. 

Reliable detection of discontinuities above a given size is qualitative NDT; Quantitative 
NDT requires measurement and traceability. What is more important – the smallest flaw 
that can be detected, or the largest flaw that can be missed? 

2.3 Probability of Detection (POD) 

POD is usually expressed as a function of flaw size (i.e. length or depth), although many 
other parameters, such as material properties, component dimensions and configuration, as 
well as human factors, will have a direct effect upon POD. 

But repeat inspections of the same flaw size or type will not always elicit consistent results; 
POD is a snapshot in time for a specific NDT application (it cannot be generic). Probability 
of Detection (POD) is not Reliability. Nevertheless, a high POD is desirable for Safety 
Critical Inspections.  
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2.4 Safety-critical Inspections 

A safety-critical inspection is one that is required to be relatively highly reliable. In 
qualitative terms, safety-critical inspections are those for which the objectives are to: 

 detect defects that, should they develop to failure, pose an unacceptable risk of injury to 
or death of persons; 

 report those defects in such a way that effective actions can be taken to reduce the risks 
to a tolerable level; 

 do the above with relatively high reliability, and  

 enable a significant reduction of risk where a relatively high dependence is placed on 
the effectiveness of the inspection.   

In determining the degree to which the application of a safety-critical inspection improves 
health and safety risk, account must be taken of the reliability of the inspection system 
applied: i.e. the probability of detecting and accurately reporting defects that pose 
intolerable risk. In other words, the greater the reduction in risk required through the 
application of inspection, the greater the required reliability of the inspection system, and 
the greater the need to demonstrate reliability through qualification of the whole inspection 
process - equipment, procedures and personnel. 

An inspection may be considered safety-critical where its scope and frequency has been 
developed empirically over a long period of time to reduce the frequency of occurrence of 
accidents and plant failures. For example, examinations and tests explicitly mandated in 
safety-related regulations for pressure systems may be considered safety-critical.   

In quantitative terms, one has to define safety critical in terms of tolerability of risk. 

2.5 Tolerable Risk  

Where the line is drawn between tolerable and unacceptable risk is a matter for those who 
bear a duty of care, which may be a number of co-operating organisations or individuals, 
and may be subject to the test of 'reasonable practicability’. A quantitative assessment of 
health and safety risks might define a tolerable risk profile as follows: 

 Risk of multiple fatalities <10-6 occurrences per annum 

 Risk of single fatality <10-5 occurrences per annum 

 Risk of serious injury (one from which there will be no full recovery) or chronic illness 
< 10-4 affected people per annum 

 Risk of injury (one from which there will be full recovery) or acute illness <10-3 
affected people per annum 

 Risk of minor injury or illness <10-2 affected people per annum   

In quantitative terms, therefore, safety-critical inspections are applied in order to enable a 
significant improvement of an actual risk profile, such as that defined above, from clearly 
unacceptable to clearly tolerable. 
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3. What is the most consistent fact to emerge from round robin trials? 

NDT has continued to evolve as both an engineering tool and as a viable method for 
ensuring product quality. The methods utilized today continue to improve with advances in 
research, product development and technology. The increasing expectation of the 
technician’s level of competency has continued to rise with demands being focused on 
quality initiatives driven by the end customer. With this evolution, the NDT technicians of 
tomorrow must be a cut above the competency standard of yesterday. To address this 
demand, technicians are becoming more specialized. The importance of specialization 
within an industry sector is rapidly increasing as the complexity of technology evolves and 
the expectations of industry and consumers continue to rise. 

To address these increasing demands, we must first understand the past and present 
performance level of NDT.  A number of studies, round robins and industry experiences 
since the 1970s show that, on average, some NDE methods only detect reliably about 50% 
of the known discontinuities. These studies include: 

 Pressure Vessel Research Committee (US) Welding Research Supplement 1971 

 U.S. Air force “Have Cracks Will Travel” 1974-78 

 U.S. Industry Implementation of “Intergranular Stress Corrosion Cracking” 
Performance Demonstration Examination 1982 

 Pacific Northwest Laboratory “Piping Inspection Round-Robin” 1981-82 

 Pacific Northwest Laboratory “Mini Round Robin” 1986 

 European Base Program for Inspection of Steel Components 1985-94 

 Nuclear Industry Implementation of ASME Section XI, Appendix VIII 1989-99 

 Program for the Assessment of NDT in Industry (PANI), Organized by the UK Health 
& Safety Executive (HSE), and the Inspection Validation Centre and AEA Technology 
1999 

 Nuclear Industry Implements Steam Generator Eddy Current Performance Base 
“Qualified Data Analyst” as a requirement (NEI 9706) 2000 

 American Petroleum Institute “API Personnel Proficiency Program-UT” (30% first 
attempt pass rate) 

The above data was mostly gathered by providing candidates a series of test samples 
containing flaws. Some of the earlier studies included artificial flaws while the latter were 
sophisticated samples with actual implanted flaws in components representing real world 
geometric configurations. The results of these experiments reflect the reality of NDT 
performance in the field, i.e. expect only 50% flaw detection rates – unless special 
measures are taken to improve this statistic.  

4. What is Performance Based Qualification? 

So, given that we are able to determine when to carry out qualification of NDT as a result 
of a better understanding of factors such as safety critical, tolerance of risk, and reliability 
of detection, how should we go about it?  

We are aware that each individual learns at a different rate, thus the traditional training 
classroom is not always the best way to transfer knowledge.  Interactive, computer-based 
training programs and simulators can provide more effective learning geared to the 
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individual. Providing training at the rate and level which is appropriate for the individual, 
using learning technologies which are available today, with structured practical experience, 
and delivery at reasonable cost are the key considerations as we develop a “revolutionary” 
approach to personnel qualification and certification.   

To prepare candidates to perform at the level expected, the training and experience process 
must be re-engineered. The new process must incorporate the lessons learned, i.e., emphasis 
on accessibility, component configuration, geometry, etc., and human factors (weather, 
working conditions, stress, health, family, etc.), must be integrated. However, the major 
focus must be on hands-on application and detection of flaws. Here is where industry sector 
specific applications will become essential. While the NDT industry has hung on to the 
hope that “one size fits all” we now have the experience and data that says this philosophy 
must change. While the NDT generalist may suffice in some markets, demonstration of 
competence in specific industry sectors may be the way of the future. 

Can Performance Based Certification (PBC) be administered by the employer or plant 
owner operator (second party)? Or should it be administered by an independent third party 
free from vested interests? A growing trend in many industries that challenge such human 
skills is moving toward qualifying NDT personnel through a third party administered 
performance demonstration process.  

ISO CD 11774 provides guidance on the features and elements of the qualification process 
and how they may apply to the performance based qualification and certification of NDT 
personnel. The standard embodies a revolutionary approach resulting in more accurately 
defined human performance expectations. While excellence is the ultimate goal in terms of 
human performance, an effective and cost efficient delivery system for Performance Based 
Qualification will be extremely important in determining feasibility and industry 
acceptance. 

5. ISO CD 11447 : Non-destructive testing – Performance based 
qualification 

Second party (employer based) qualification and approval (for example in accordance with 
ANSI/ASNT CP-189) or independent qualification and third party certification (for 
example, in accordance with ISO 9712 or EN 473), followed by on-the-job training may 
not provide the required degree of confidence for safety critical inspections, and ISO CD 
11774 provides a method for qualification of non-destructive testing personnel for specific 
non-destructive tests conducted in accordance with documented procedures established 
within a Performance Based Qualification program.  

Implementation of this standard will require cooperation between applicable Industry 
Sector Committees (ISCs) and Independent Qualification Bodies (IQBs) to assure that 
specific performance expectations are addressed. The qualification methodology described 
is based upon the candidate’s ability to demonstrate capability in detecting and sizing 
critical flaws equivalent to those to be detected and sized in the performance based 
qualification program established by the ISC. 

The qualification process is graphically represented in the flowchart at figure 1. 
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Figure 1. 
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6. The frequency of inspection and of requalification of personnel 

We have already posed the question: What is more important – the smallest flaw that can be 
detected, or the largest flaw that can be missed?  

One is tempted to state that the frequency of inspection must be a lesser period than the 
time taken for the smallest flaw that can reliably be detected to grow to the smallest size 
where failure is possible, and that is certainly true. But, in reality, one has to consider the 
time taken for the largest flaw that can be missed to grow to the smallest size where failure 
is possible.  Build in margins for safety and error, and you have your inspection frequency.  

How does this affect the frequency chosen to re-qualify personnel for the safety critical 
inspection? Our earlier thoughts on the meanings or definitions of terms such as NDT 
Reliability, POD and Tolerable Risk become important here.  

Given that we have qualified the inspection procedure and, using open trials, determined 
the smallest flaw that can reliably be detected with a high confidence level, say, 95% 
confidence that 90% of the smallest flaws that can be detected actually will be detected (a 
Tolerable Risk), we can use these data to determine the frequency for re-qualification in a 
Performance Based Qualification examination using qualification specimens containing 
actual or simulated flaws ranging in size from the minimum detectable using the qualified 
procedure to not more than the maximum size allowed in the sector codes and standards, 
which may be the largest flaw that can tolerably be missed.   

Performance demonstration establishes the ability of a specific examination system (i.e. 
equipment, procedures and personnel) to achieve a desirable level of performance.  The 
pre-established criteria for acceptable performance relies upon obtaining desired test results 
on flawed and non-flawed qualification specimens including an established acceptable false 
call rate (Tolerable Risk) using qualified procedures and equipment. Performance 
demonstration re-qualification frequencies may vary from 10 years (ISO 9712/EN 473) for 
non-safety critical inspections to 12 months (such as in the IGSCC programme operated at 
EPRI), depending upon the above factors.  

Given that ISO CD 11774 has been designed for use in safety critical NDE applications, it 
embodies a re-qualification frequency of 12 months, with mandatory re-training and 
practice on flawed specimens for personnel who fail to re-qualify at the first attempt. 

7. Conclusions 

Performance-based qualification requires personnel to demonstrate that they can do a job 
that meets certain standards consistently under real working conditions. It places candidates 
in situations where they must use their knowledge and demonstrate their skills in a manner 
that can be quantitatively measured using the elements that employers and certification 
organizations care about most, i.e., job tasks, especially those requiring specialized 
knowledge and skills to reliably detect relevant discontinuities. 

Performance-based qualification also provides other benefits, e.g., the reduction or 
eradication of the administrative burden, with no value added, of detailed tracking of 
education documentation, classroom training and on-the-job experience hours, since these 
can now be more practically addressed. Training and experience are obviously still 
essential, but how long it takes to complete these tasks becomes irrelevant since they are 
measured by performance testing.  
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Performance based certification can improve our personnel qualification systems by 
recognizing individual capacities, limitations and needs. These qualities can be measured or 
otherwise defined with more accuracy today than 40 years ago. If this approach results in a 
system that is portable, employer to employer, industry sector to industry sector, and 
applies to more than the nuclear industry, it will represent a significant move forward.  

END. 
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