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Abstract 

Most jurisdictions that generate electricity through nuclear-electric plants have imposed 

requirements on inspection systems beyond the typical Level 1, 2 and 3 found in personnel 

qualification/certification schemes. The paper discusses the rationale for this obligation and 

describes how the requirement for inspection qualification has been implemented for CANDU 

plants. The paper discusses the qualification structure and process, including a brief overview of 

experience to-date in qualifying Inspection Procedures. 

 

 

Introduction 

There are a number of industries in which ‘inspection’ is critical to economic and safety 

considerations. Thus, it is important that inspection processes can return appropriate and correct 

results with a high degree of reliability. In addition, the world of inspection technology has 

advanced in lock-step with technological advances of our ‘digital age’. What was once a routine, 

generic inspection has now often become one focussed on specific requirements using 

‘advanced’ techniques. The NDT personnel certification standard in use in Canada,  

CGSB 48-9712, specifically states that it is the responsibility of the employer to ensure that 

personnel are competent for the assigned tasks as this is outside of the generic engineering, 

materials and components domain of the standard. Further, and perhaps more important, this 

standard does not address the reliability or quality of inspection procedures nor the 

appropriateness of equipment and instrumentation. Thus, the role of Inspection Qualification is 

to seek assurance that the specific inspection system, deployed in a specific is application is 

capable of delivering correct results. 

The Interested Parties 

In the context of this paper, the “Inspection System” comprises the Inspection Procedure, 

equipment/instrumentation and Inspection Personnel. 

There are three major players with respect to Inspection system qualification, (i) the plant owner 

(licensee), (ii) the nuclear regulatory authority (the Canadian Nuclear Safety Commission, 

CNSC) and (iii) the Inspection Service Provider. Each of these has its own needs. 

The plant owner’s need is to have confidence that the inspections provide correct results from the 

standpoint of both safety and economic considerations. An unscheduled outage due to a failure 

of the inspection process, either a ‘false’ or ‘missed’ detection , can be extremely costly. This 
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need based on economics may be manifest in contract terms between the plant owner and the 

Inspection Service Provider (ISP). 

The regulator has responsibility to the public to ensure that nuclear plants are designed and 

operated in a safe manner. Thus, the regulator needs assurance that inspections are carried out 

correctly and the inspection procedures are able to meet the specified requirements. This 

requirement will be included in the plant’s operating license, typically through reference to a 

code or standard. 

The ISP must provide evidence to the plant owner that the inspections are performed by 

competent staff and that the procedures are highly reliable. Also, having qualified procedures, 

equipment and personnel may provide a significant commercial advantage over other ISPs 

without such credentials. 

A fourth entity is the body that independently provides confidence that the needs of the three 

primary bodies (the plant owner, the regulator and the ISP) are met – the Inspection Qualification 

Body (IQB). 

History 

 

The first Inspection Qualification system was that of ASME Section XI, Appendix VIII. This 

arose, in part due to concern that in-plant inspections were being carried out by inspectors 

without formally demonstrated capability.  A simple question was asked by the US Nuclear 

Regulatory Commission that may be paraphrased as “how do you know that inspection results 

are correct?” In this context, it must be remembered that the personnel certification schemes such 

as SNT-TC-1a and CGSB 9712 apply only to personnel performance and do not address the 

appropriateness of equipment, instrumentation or the inspection procedure itself. 

ASME XI, Appendix VIII was developed specifically to address this question. This appendix 

was, and remains, very prescriptive, in that numbers of demonstration pieces are specified as are 

the distribution and size of implanted flaws. Pass-fail criteria are specified. This code is primarily 

aimed at light water reactor systems designed by US enterprises under the ASME nuclear codes. 

Appendix VIII is straightforward to apply, for example, degradation mechanisms are defined, as 

are materials, inspection method (ultrasonics), number, size of flaws and pass/fail criteria for 

inspector testing. However, the details embedded in the appendix make it inflexible, especially in 

terms of CANDU fuel channels plus addition requirements have to be defined for qualification of 

steam generator tubing. 

The European nuclear industry also developed a comparable system but quite different from the 

ASME counterpart. In part, this was developed to service former Soviet Union reactor designs. 

Rather than being prescriptive, the European system developed by the European Network for 

Inspection and Qualification (ENIQ) relies on the plant owner or regulator to define what is 

needed and the degree of reliability (quality) required. Although this system is, in concept, very 



different from that in ASME XI, both protocols seek to achieve demonstrateable and reliable 

confidence in inspection system performance. 

When Inspection Qualification became a mandatory requirement for CANDU plant, it soon 

became evident that the flexibility of ENIQ was a significant advantage, although front-end 

engineering analysis is required to define what the inspection must achieve. The performance 

requirements are embodied in the “Inspection Specification”.  

Following a pilot project conducted by Ontario Power Generation, seven CANDU Nuclear 

utilities agreed to collaborate to develop and subsequently operate an Inspection Qualification 

process based on ENIQ methodology. This became a unit within the CANDU Owners Group – 

the CANDU Inspection Qualification Bureau (CIQB). 

Current Situation 

It took more than two years to develop the CIQB to an operational level. At one time, the 

development program was put on hold for about a year during which time the CNSC conducted 

its own study on the available methodologies. Consistent with the CIQB participants, the CNSC 

also concluded that the ENIQ methodology was the most appropriate for CANDU plant designs. 

The CIQB has been fully operational since mid-2008 and this includes implementation of a 

quality assurance program derived from CAN/CSA Z 299.2. 

The CIQB is a unit within the CANDU Owners Group – an organization established to facilitate 

collaboration between CANDU interests. 

The CIQB is overseen by a steering committee, IQSC, comprising one representative from each 

of the seven participating nuclear utilities. Although the IQSC provides direction to the CIQB, 

the governance clearly defines qualification decisions as the responsibility of CIQB management 

and such decisions are completely separated from IQSC influence. This provides the required 

independence in terms of qualification activities. 

Funding is in two parts. One part is provided by the participants is based on a formula related to 

the number of reactor units operated by the individual participants. This provides on-going stable 

base funding. The second form of funding is for individual qualification activities which are 

funded on a fee-for-service basis. To a degree, fee-for-service activities off-set the required base 

funding. 

Structure 

The basic structure follows the methodology of ENIQ with minor variations to accommodate 

specific CANDU issues. 



The role of the CIQB is to provide inspection system qualification services to its seven 

participating nuclear utilities
1
.  

The standard that governs periodic inspection of CANDU plants, CAN/CSA N285.4, potentially 

requires qualification of any inspection system used in compliance with the requirements of the 

standard. This presents a challenge in terms of conducting meaningful reviews of any inspection 

system in any application. This requires extensive in-depth knowledge of a wide range of NDE 

methods, techniques and applications.  To accomplish this with permanent staff would be 

prohibitive and very inefficient. This challenge is addressed by contracting a diverse roster of 

experts for specific qualification activities. 

Thus, the CIQB can operate with minimum permanent technical staff but can accommodate just 

about any NDE method, technique and application at the required level by maintaining a roster 

of highly qualified contracted reviewers. 

This has worked very well, accepting that, on occasion a particular expert will not be available 

which requires either finding an equally qualified replacement or delaying the qualification. So 

far, this has not presented a problem but there is concern for available experts in eddy current 

inspection 

 

As the CIQB operates within the nuclear industry, a formal, auditable quality assurance program 

is a necessity. CIQB’s QA program is designed to meet CAN/CSA Z 299.2, ENIQ QA 

requirements plus aspects of 10CFR50. We are required to conduct an annual QA review and the 

CIQB is subject to QA audit by any of its participants plus the Canadian Nuclear Safety 

Commission (CNSC). 

Process 

In order to qualify anything there needs to be a set of requirements against which performance is 

evaluated. In the terminology adopted by the CIQB, the “set of requirements” is embodied in the 

“Inspection Specification”. 

The Inspection Specification is the responsibility of the plant owner but may be developed 

individually or shared by a number of collaborators. As CANDU plants have a high degree of 

uniformity of design, most of the CIQB participants2 have agreed to share in the cost of 

producing Inspection Specifications for all the principal components identified in CAN/CSA 

N285.4. This collaboration has been facilitated by the CANDU Owners Group. 

                                                           
1
 The CIQB has also provided qualification services to non-participants with the approval of the IQSC. 

2
 Six of seven CIQB participants (excepting Korea’s KHNP) have elected to collaborate in the development of piping 

weld and vessel/nozzle weld Inspection Specifications. 



The Inspection Specification contains all the information required by an Inspection Service 

Provider to design and operate an inspection system that meets the stated requirements. 

Therefore, a key element of the Inspection Specification is the definition of experienced, 

expected or postulated degradation mechanisms and the degree of degradation that must be 

detected and/or sized. In this context, the ISP also needs to know the expected quality or 

reliability required. Often, this is quoted in terms of demonstrated probability of detection (PoD) 

and confidence level (CL) or in terms of allowable root mean square error. It should be noted 

that the Inspection Specification is an engineering document and requirements are defined in 

engineering terms. The selection of the most appropriate NDE method and technique to meet the 

specification is the responsibility of the ISP.  

It is then the ISP’s responsibility to produce the Inspection Procedure and the Technical 

Justification (TJ) document, the latter provides the evidence that the procedure meets the 

requirement of the Inspection Specification. In addition, the ISP must produce a training program 

pertinent to the specific situation. These, plus any additional support documents, are provided to 

the CIQB. 

The CIQB will then engage a small expert review team that will scrutinize the Inspection 

Procedure and TJ against the requirements of the Inspection Specification. Comments, 

suggestions and requests for further ‘evidence’ are passed back to the ISP for review and 

proposed disposition. Typically, this review – disposition process will require two iterations but 

sometimes more. 

The review team is also asked to review the adequacy of the personnel training program in terms 

of appropriateness for the particular Inspection Procedure and application. 

The process ends when the review team recommends to the CIQB that the Inspection Procedure 

be declared as qualified, that is, the procedure meets the requirements of the Inspection 

Specification. The CIQB then issues to the ISP a qualification report and certificate. In some 

situations, the CIQB may impose limitation on the procedure. For example, in one situation the 

Inspection Specification required the measurement of vessel wall thickness over a range that 

could not be achieved by a single NDE method. The solution here was to develop a short range 

and longer range technique such that the combination of the two completely meets the full range 

requirement. 

Experience to Date 

For the most part, the experience has been positive for all concerned – the plant owner, the ISP, 

the CIQB and the reviewers.  However, there have been the inevitable teething troubles that only 

experience can deal with. Following completion of each qualification, the CIQB seeks feedback 

from both the ISP and the Review Team – what went well, what didn’t and what improvements 

could be made. The ultimate question for reviewers is, “Would you participate in a future 

review?” So far, the universal response is, “Yes”.  



One challenge the CIQB faces is with the qualification of eddy current procedures. The NRCan 

listing of certified NDE personnel shows about fifty Level 3 eddy current inspectors. These are 

divided between aerospace and heat exchanger engaged individuals and, of those working in heat 

exchanger inspection, an even smaller number have appropriate nuclear experience. Further, of 

those with nuclear experience, most are in employment in the nuclear industry and, therefore, are 

not available to conduct independent inspection procedure reviews. 

A number of ISPs that have been involved with the CIQB through the development process 

whereas other ISPs have had essentially no involvement until being suddenly required to qualify 

their inspection procedures. The latter face a rather steep learning curve with the inevitable 

bumps along the way. 

In a number of qualifications the availability of ISP personnel to respond to reviewers’ 

comments, and to a lesser extent reviewers responding to ISP proposed dispositions, has caused 

qualifications to be drawn out beyond expectations. This is usually due to those involved having 

higher priority demands, such as actually delivering in-plant inspections. Although this doesn’t 

compromise the quality of the review it does result in frustration on both sides.  

The Inspection Procedures that have been qualified have been in both conventional and phased 

array ultrasonics plus both conventional eddy current and array probe procedures.  This is likely 

to continue into the future but we are ‘promised’ some much less conventional NDE procedures 

in the near future. The CIQB looks forward to meeting that challenge. 

Conclusions 

It is clear that NDT represents a critical set of technologies in terms of measuring the fitness for 

purpose of many industrial systems. An incorrect result from an inspection system can threaten 

the safety of the public, workers and the environment as well as result in considerable negative 

economic impacts. 

The trend to more technologically complex instrumentation and equipment emphasises the need 

for increased diligence in designing and operating NDT systems. 

Although perhaps not a perfect solution, the imposition of Inspection Qualification processes 

applied to Inspection Procedures, instrumentation, equipment and personnel is a step forward in 

terms of generating confidence that inspection results are correct. 

There are three currently available Inspection Qualification protocols – ASME Section XI, 

Appendix VIII (nuclear only), ASME Section V, Article 14 (non-nuclear) and ENIQ (totally 

flexible in its application). Although these are quite different in form and requirements, they 

share the common goal of adding to the confidence that NDT systems can and do return correct 

results. 

 


