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ABSTRACT 

 

Nondestructive examination (NDE) is the primary means of measuring the structural 
integrity of industrial pressure boundary components. In many jurisdictions such 
inspections are mandatory either through regulatory requirements or, for example, in 
order to obtain insurance coverage. The mandatory requirements universally require 
personnel who conduct the inspection to be certified – either through a central system 
such as ISO 9712 or an employer based system such as that used in the USA and 
elsewhere. 
 
It was generally accepted that the results of these inspections represented the „truth‟ 
however, in the late 1970s – early 1980 three significant situations clearly challenged the 
„truth‟ assumption. All these situations were in the nuclear power industry – exactly 
where correct results are of paramount importance. 
 
This issue was first addressed in the USA under the auspices of ASME Section XI, the 
nuclear in-service inspection section of the ASME Boiler and Pressure Vessel Code and 
subsequently in Europe under the European Network for Inspection and Qualification 
(ENIQ). Although the approaches are quite different both have the common goal of 
confirming, to the extent possible, that inspection procedures and personnel are capable 
of detecting and sizing flaws of the defined degradation mechanism when applied to 
specific components. 
 
Although the nuclear industry is the leader in terms of demanding post base-level 
certification demonstration of inspection performance, the lessons learned are clearly 
applicable to other industries where NDE plays a key rôle in assuring the safety of the 
public, workers and the environment - as well as protecting economic interests. 
 
The paper discusses the merits of the various inspection qualification systems currently 
in use or in development. 
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Introduction 
 

Nondestructive Evaluation (NDE) processes, when applied to industrial plant, may be 
viewed as being in the same category as quality control processes. The most prevalent 
application of NDE is to provide information on the structural integrity of materials, 
components and systems. The basic rôle is to confirm, or otherwise, that the particular 
component is within the bounds of the design parameters or is fit for service projected 
out to the next inspection cycle. 
 
Should the inspection process return an incorrect result, for example a false call (a flaw 
where one does not exist) or a missed call (failure to detect a flaw) then potential threat 
to economic considerations is likely to ensue. In the extreme case, an incorrect NDE 
result could threaten public, worker or environmental safety. 
 
Traditionally, it was assumed that NDE results were correct. However, in the late 1970s 
– early 1980s, three situations arose that caused this assumption to be challenged. All of 
these were in the nuclear industry. 
 
In 1978, under the auspices of the OECD, a round robin exercise was conducted using 
two nuclear reactor pressure vessel segments containing nozzles with defects implanted 
in the vessel to nozzle welds1.  The mandatory use of ASME Section V ultrasonic 
procedures was found to be inadequate for the particular inspections. 
 
In 1982, the UK regulatory body initiated the Defect Detection Trials2 (DDT) prior to 
approval of Sizewell B nuclear plant. This was somewhat similar to the PISC I exercise 
but without the restriction on inspection method/technique.  These trials confirmed that 
representative flaws could be detected and sized successfully albeit using non-traditional 
techniques. 
 
Circa 1982, soon after being given a clean bill of health by experienced NDE personnel, 
the austenitic piping of a US nuclear plant began to exhibit leakage due to a stress 
corrosion cracking mechanism. 
 
The conclusion reached was that it is prudent to ensure, to the extent possible, that NDE 
processes, that is the procedure, equipment and personnel, are capable of detecting and 
sizing flaws due to experienced or postulated degradation mechanisms in the specific 
components to be inspected. 
 

                                                
1
 PISC 1 (Plate Inspection Steering Committee that evolved into the Program for the  Inspection 

of Reactor Steel Components) S. Crutzen et al, CEC, EUR 6371EN, Vols 1-6, OECD, CSNI 
report 48 
2
 “CEGB Inspection of Plates 1 and 2 in the UKAEA Defect Detection Trials”, K.J Bowker et al, 

Brit. Journal of NDT, 1983, vol 25, No 5. 
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This requirement is clearly outside of the realm of the general qualification/certification 
process such as that defined in ISO 9712. 
 

The Development of Inspection Qualification Systems 
 
It is clear that a central certification system such as ISO 9712 cannot test candidates on 
every conceivable combination of component and inspection technique. Thus, ISO 9712 
contains a clause that places the responsibility on the employer of NDE personnel to 
ensure that individual inspectors are competent to perform the assigned tasks. 
 
Under other certification schemes, such as that developed by the American Society for 
NDT, even the basic evaluation of competence is the employer‟s responsibility. 
 
In either case, confirmation of capability, or competence, is in-house and may be 
considered somewhat a conflict of interest with respect to generally accepted practices 
of quality control and quality assurance. 
 
In 1989, ASME Section XI, the nuclear in-service inspection code, introduced the 
mandatory Appendix VIII, “Performance Demonstration for Ultrasonic Examination 
Systems”. This code details the required testing of personnel when using ultrasonic 
inspection procedures on nuclear plant components. Although Appendix VIII does not 
specifically define who or what organization is to conduct the performance 
demonstration testing, it is strongly implied that this is an independent body. 
 
In the mid-1990s, the European Network for Inspection and Qualification (ENIQ) 
developed an inspection qualification scheme. Although the goal is completely 
consistent with that of Appendix VIII, that is, to ensure that the inspection process 
returns the correct results, the methodology is quite different. If Appendix VIII may be 
considered to define what has to be achieved in detail, ENIQ concentrates more on the 
method of independently ensuring NDE process performance. 
 
ASME Section XI, Appendix VIII is part of the mandatory nuclear NDT code. In about 
2002, ASME Section V, the “NDT Section”, introduced Article 14 which is an inspection 
qualification code aimed at non-nuclear applications. This appeared in the 2004 
Addenda. Article 14 maybe viewed as a hybrid between ASME XI App. VIII and ENIQ. 
 

ASME Section XI, Appendix VIII 
 
As written, this Appendix is aimed at the inspection personnel performing in-service 
inspection of nuclear plant components. It pertains only to ultrasonic testing of specified 
nuclear plant components. It defines applicable degradation mechanisms, (fatigue or 
stress corrosion cracking) and the sizes of cracks the inspector is to be tested on. The 
code defines pass-failure criteria for both detection and sizing. 
 
For example, Supplement 2 – “Qualification Requirements for Wrought Austenitic Piping 
Welds” provides a table of the number of flawed and non-flawed grading units to be used 
in the personnel qualification process, and defines the allowable „missed‟ and „false‟ call 
rates. An illustration of this is that, if ten flawed grading units are used, a detection rate 
of at least eight is required. This is coupled with twenty non-flawed grading units and no 
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more than three false calls. (The distribution of implanted flaw sizes is also defined) 
 
There are also requirements on flaw sizing that are based on root mean square error. 
(for length sizing, RMS error not to exceed 0.75 inches, for depth sizing RMS error not to 
exceed 0.125 inches). 
 
Early in the implementation of Appendix VIII, it was realized that even a „good‟ inspector 
would have difficulty should the procedure be inadequate. Thus EPRI Performance 
Demonstration Initiative (PDI), the accepted independent qualification body in the USA, 
implemented a process to pre-qualify inspection procedures. 
 
ASME Section XI, Appendix VIII works well because its application is limited to a single 
NDE method, (ultrasonics), a single application, (in-service inspection of light water 
reactor system components constructed according to ASME code) and limited 
degradation mechanisms of concern. 
 

European Network for Inspection and Qualification (ENIQ) 
 
The approach taken under ENIQ is quite different from that of ASME Section XI. 
However, both processes have the common aim of improving the reliability of inspection 
results. ENIQ is neither a code nor a standard but rather a methodology that may be 
applied within any industry, any inspection method, any component and any degradation 
mechanism. The methodology is supported by a number of „recommended practice‟ – or 
guideline – documents that are freely available3. 
 
The base of the ENIQ methodology is a document which we in Canada term the 
Inspection Specification (other jurisdictions refer to this as the Technical Specification or 
Technical Requirements or Input Requirements). 
 
The Inspection Specification is an engineering document – not an NDE document. It 
describes the component or group of components, including the material and 
configuration. It notes environmental issues such as hazardous conditions and access to 
the component(s), experienced and postulated degradation mechanisms and what the 
inspection must achieve. In general, it provides all the information an Inspection Service 
Provider (ISP) needs to design and operate the inspection system. 
 
The Inspection Specification is the document that gives the ENIQ methodology its 
flexibility. In comparison, ASME Section XI, App. VIII provides a prescriptive definition of 
requirement which, by its very nature, must be limited in its scope and application. 
However, generating the Inspection Specification can require significant engineering 
analysis effort, often requiring fracture mechanics analysis. Another issue is the 
challenge of specifying NDE performance in quantitive terms that can be used by the 
ISP and the Inspection Qualification Body (IQB).  For example, it is tempting to state the 
inspection must be „highly reliable‟ but, although this term presents a worthy sentiment, it 
is subjective and cannot be used to evaluate the performance of either the Inspection 
Procedure or personnel unless all parties agree how „highly reliable‟ is to be interpreted. 
 
Once the Inspection Specification is in place it is the rôle of the ISP to develop the 
Inspection Procedure that meets the requirements of the Inspection Specification. 

                                                
3
 http://safelife.jrc.ec.europa.eu/eniq 
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A second document that the ISP must produce is the Technical Justification (TJ). This 
document sets out the evidence that the procedure meets the requirements of the 
Inspection Specification. 
 
The Inspection Procedure and its associated TJ are then put before an individual or 
team to independently confirm, or otherwise, that the Inspection Procedure does, in fact, 
meet the stated requirements. This is largely based on the degree to which the evidence 
in the TJ is considered convincing. In some cases, the independent review team may 
ask for further evidence. 
 
The CANDU Inspection Qualification Bureau (CIQB), established by seven CANDU 
nuclear utilities, considers the independent review to be non-adversarial. Dialogue and 
collaboration between the review team and the ISP is expected and encouraged as the 
aim is to achieve a robust Inspection Procedure – not just a pass or fail decision. 
 
Following qualification of the procedure, the Inspection Qualification Body (IQB) may 
engage in testing of inspection personnel using representative physical test pieces or 
recorded data. The approach taken by the CIQB is to review training programs, test 
pieces and written test questions but leave the post-training tests to the ISP. However, 
the CIQB maintains the right to observe and audit actual training situations. 
 
ASME Section V, Article 14 
 
ASME Section V, Article 14,”NDE System Qualification” was designed to provide an 
inspection qualification process within the ASME Boiler and Pressure Vessel code but 
outside of the nuclear arena. It is more recent that its ASME Section XI counterpart and 
also more recent than ENIQ. However, the approach is more consistent with that of 
ENIQ rather than ASME Section XI. For example, there is a requirement for a TJ. 
 
The issue of the Inspection Specification is circumvented by stating that is expected that 
it originates elsewhere, typically the “referencing code section” (see “T-1410 Scope”). 
 
The document defines three level of rigour, with accompanying levels of Probability of 
Detection (PoD), allowable missed call and false call rates and statistical confidence 
levels. At the high level of rigour, with high confidence (>90%) and high PoD (>90%), the 
number of test pieces quickly ramps up to several hundred. 
 
As with ENIQ, specifying and justifying the appropriate quantitive qualification 
requirements in engineering terms is a challenge but outside of Article 14. 
 
Other Qualification Schemes 
 
Other qualification schemes exist but these tend to be very specific in their application. 
One example is the EPRI Steam Generator Inspection Guidelines which, as the name 
suggests, is specific to in-service inspection of nuclear steam generator tubing (heat 
exchangers). 
 
Recently, there has been a drive to produce an international standard on inspection 
qualification under ISO, ISO 11774. The draft ISO document circumvents the issue of an 
engineering approach to defining inspection performance requirements but placing this 
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requirement on “Industrial Sector Committees”.  (There seems little onus on the owner of 
the plant.) Some of the elements under this draft standard are prescriptive, for example, 
requalification period and the number of personnel test pieces while other elements are 
open-ended, e.g. the basis and from where the required inspection performance is 
developed.  
 
However, regardless of the specifics or the inspection qualification processes, all have 
the common objective of ensuring, to the extent possible, that NDE processes 
(procedures, equipment and personnel) are capable and competent of producing the 
correct results. 
 
Are Inspection Qualification Systems Justified? 
 
The exercises of the late 70s and early 80s did challenge the assumption that NDE 
results could be trusted blindly. We have moved forward twenty or thirty years and there 
is no doubt that NDE instrumentation has become more complex, new techniques and 
methods have been developed and our reliance on NDE results has significantly 
increased. It is not unusual for a large industrial plant to have a down-time cost of more 
than $1million per day. Thus, even if we set aside the issue of public, worker and 
environmental safety, an unscheduled forced outage due to an incorrect NDE result is a 
daunting proposition. 
 
A further reality is that, under a base-level NDE personnel certification system such as 
ISO 9712, it is clearly impossible to cover all techniques and adaptations of the modern 
NDE methods and it is certainly impossible to design all-encompassing practical tests of 
personnel. Further, some would argue that the implementation of certification standards 
such as ISO 9712 have not kept pace with the realities of industrial use of current NDE 
technologies. 
 
Without Inspection Qualification, this leaves us totally reliant on the Inspection Service 
Provider to train and qualify inspection personnel not only in the specifically assigned 
task but also the nuances of modern day electronic instruments, often employing 
remotely operated or automated manipulators. This does not infer that such training by 
ISPs is inadequate but it most certainly lacks the independence consistent with quality 
assurance/control protocols. In Canada, we accept our national certification body as an 
independent and impartial organization to test and qualify/certify inspection personnel. If 
we accept this process at the general base levels, why should we not demand it at levels 
beyond ISO 9712? Even the pre-amble to ISO 9710 recognizes that qualification beyond 
Levels 1,2 and 3 are the responsibility of the ISP. 
 
For the plant owner, (here I include aircraft, oil and gas pipelines etc.) independent 
qualification of inspection procedures and personnel is simply a sound idea in terms of 
due diligence, protecting assets and safety of the public, workers and the environment. 
 
A further consideration is the use of statistical methods to determine the risk levels of 
industrial plant systems and components. Here, I define risk as the likelihood of failure 
multiplied by the consequence of failure. Thus, inspection processes may be deployed to 
mitigate risk by providing information that may be used to reduce the likelihood of 
system/component failure. This suggests concentration on areas where the level of risk 
is highest (but not completely abandon lower risk areas). If we are to use NDE in this 
mode, it is necessary to have knowledge of the effectiveness of inspection thereby 
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providing the extent to which probability of failure is reduced. This is typically expressed 
in terms of probability of detection (PoD) , false call probability (FCP) and confidence 
level (CL). This knowledge must be derived from objective evaluation of the inspection 
process – Inspection Qualification. 
 
 
 
Independence of Inspection Qualification 
 
All of the above considerations are a mirror of quality control applied to normal 
engineering processes. Just as quality control would be overseen by an independent 
entity, so should be Inspection Qualification. 
 
Further, almost all industrial NDE practice is governed by a regulatory authority, an 
insurance company, or through contractual agreements.  The most effective and 
practical manner of satisfying these agencies or customer performance requirements is 
by an independent, arm‟s length organization. This is now the norm in all nuclear 
jurisdictions and there is growing interest in developing similar organizations and 
processes wherever NDE represents a critical information system. 
 
It is not good enough to declare inspection results as being correct, they must be shown 
to be so. 
 
Summary 
 
There are a number of inspection qualification schemes in existence. Some are general 
in scope whereas others are either industry specific, e.g. nuclear industry, or largely 
deployed within a single industrial sector. There are different approaches but all 
schemes have the objective of confirming the effectiveness of the inspection process 
(equipment, procedure and personnel) that is, to the extent possible, ensure NDE results 
are correct. 
 
The most widely used protocols (ASME Section XI, Appendix VIII and ENIQ) require an 
independent assessment of inspection performance. This is the most effective manner in 
which third parties such as regulatory and insurance agencies may be satisfied that the 
application of NDE processes will return the correct result. Additionally, it is of benefit to 
the NDE customer to have an independent body attesting to the effectiveness, that is the 
quality of inspection delivery. 
 
The global nuclear industry is at the forefront of independent inspection qualification but, 
given the high cost of downtime of industrial plant and the increasingly complex 
technology associated with NDE, it is forecast that this process will be developed in 
other industries where NDE is a critical information system with respect to structural 
integrity. 
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