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Abstract 

Inspection Qualification in the nuclear industry has its origins in inspection reliability concerns regarding major 

nuclear plant degradation issues in the 1970s, the recommendations made in the 2nd Light Water Reactor Study 

Group report on PWR pressure vessel integrity published in 1982, international round robin inspection exercises 

performed in the 1970’s to early 90’s, and the early work of the UK Inspection Validation Centre. Considered an 
interim measure initially, introduced to provide timely evidence on inspection capability until quantitative 

measures of inspection reliability could be derived, Inspection Qualification has now been adopted in many 

countries throughout the world nuclear industry based on either the ENIQ methodology or the performance 

demonstration requirements specified in the ASME Code Section XI, Appendices VII and VIII and ASME 

Section V Article 14.  

 

Assigning meaningful quantitative measures to overall inspection reliability and Probability of Detection has 

remained an elusive goal since the 1960’s. Understanding of the factors influencing inspection reliability, based 
on practical inspection reliability studies, theoretical modelling developments and accumulated evidence from 

experimental trials is now considerable. However, the ultimate goal has not been achieved, leaving inspection 

qualification as still the preferred approach to providing confidence in inspection capability and reliability.  

 

Adoption of Inspection Qualification outside the nuclear industry has been slow due to understandable concerns 

regarding its cost implications. However, there is evidence that forms of inspection qualification are gradually 

being adopted for specific high importance inspection applications in the oil and gas, aerospace and other 

industries.  

 

This paper provides a personal perspective on the early developments in inspection qualification and reliability 
assessment, based on the author's participation in these developments in the UK nuclear industry, and a snapshot 

of the broader adoption of inspection qualification across various industries worldwide.  
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Background 

In 1965, the US Pressure Vessel Research Committee (PVRC) began an NDE programme to investigate the 

reliability of ultrasonic non destructive testing for nuclear reactor pressure vessels (RPVs) using thick section 

test blocks containing various defects. Marked differences in performance between teams using the same 

nominal procedure were revealed and even lower detection performance was observed when the inspections 

were performed through cladding. This led to a second PVRC test programme commencing in 1974 to test 

inspection procedures based on the 1974 ASME Code Section XI.  

 

Three specimens from the second PVRC programme were offered to the Committee on the Safety of Nuclear 

Installations (CSNI) Working Group of the CEC-OECD for a European NDE exercise performed under the 

guidance of the Plate Inspection Steering Committee (PISC). It was hoped this exercise would augment the 

PVRC programme and provide further statistics to quantify the probability of detection, location and sizing of 

flaws using ultrasonic techniques. 

 

 

PISC I Programme (1974 – 1978) 
The PISC I programme (Ref.1) investigated the capability of a modified PVRC version of the 1974 ASME XI 

procedure (subsequently referred to as the PISC procedure) to detect, locate and size defects. A second aim was 

to compare the performance of the PISC procedure with alternative procedures already used in Europe. Of the 34 

teams participating in this programme, 28 used the PISC procedure.  
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Unfortunately, the PISC I programme suffered problems associated with the unexpected extended nature of the 

intended defects in the test plates, the presence of many unintended manufacturing flaws in the butt welds and 

base materials. There was also no independent oversight of the inspections and a lack of a well-defined reporting 

format for the results.  

 
Published in 1978, the PISC I results revealed serious inadequacies in the PISC procedure regarding the 

detection and sizing of significant throughwall defects (~50% defect detection probability for a 25mm 

throughwall cracklike defect).  Alternative procedures tested in PISC I gave a much improved performance 

(~80% defect detection probability for a 25mm cracklike defect). A second round test programme (PISC II) was 

therefore initiated to test these alternative procedures more rigorously and perform supporting parametric 

studies. The expected PISC II programme completion date was 1986.  

 

 

Events in UK (1976 – 1982)  

In the UK, the government had decided in 1976 that the next generation of nuclear power plants to be built in the 

UK would be based on the Pressurized Water Reactor (PWR) design. The 1st Light Water Reactor Study Group 

(LWRSG), under the Chairmanship of Dr W Marshall, had published a report in 1976 on PWR pressure vessel 

safety. Based on NDE expert elicitation, it judged that the NDE procedures based on the ASME Code Section XI 

would be adequate for ensuring a PWR pressure vessel remained free of safety critical defects. This expert 

judgement was undermined by the poor PISC 1 results. Furthermore, Sir Alan Cottrell, the eminent metallurgist 

and former Government Chief Scientific Adviser, stated publicly that, based on the evidence available, he had 

doubts NDE could reliably detect safety critical defects in a UK PWR pressure vessel.  

 

A Public Inquiry into the construction of the first UK PWR at Sizewell in Suffolk was due to commence in 1982. 

There was an urgent need therefore to generate stronger evidence of the good ultrasonic inspection capability 

achievable with the alternative inspection procedures in time for the Inquiry.  

 

Consequently, a UK PWR NDE programme was launched to develop and demonstrate optimised best practice 
and emerging advanced ultrasonic RPV inspection techniques, underpinned by theoretical modelling of key 

aspects of the ultrasonic inspection process. Additionally, UKAEA performed a separate round robin exercise, 

the Defect Detection Trials (DDTs) (Refs. 2-4) to generate evidence on an improved ultrasonic inspection 

capability, and the LWRSG updated its report of PWR reactor pressure vessel integrity (Ref. 5), all in time for 

the Inquiry. 

 

 

UKAEA Defect Detection Trials (1980-1983) 

The UKAEA Defect Detection Trials (DDTs) involved  7 teams from the UK, France and Germany inspecting 

modern reactor grade thick section clad butt welds (DDT plates 1 & 2), underclad regions (Plate 3) and clad 

PWR nozzle inner radii (Plate 4) containing well defined simulated manufacturing and service induced defects. 

Teams applied automated and manual ultrasonic techniques which were considered sufficiently advanced that 

they could be used on the first UK PWR or which were used routinely for RPV inspections in USA, France and 

Germany.   

 

Two UKAEA teams applied automated ultrasonic procedures to all four test plates; one (Harwell) used the then 

novel time of flight diffraction (TOFD) technique, the other (Risley) used high sensitivity (10-20% DAC) pulse 

echo, TOFD, SAFT and large focused probes. CEGB (supported by Babcock Energy) applied automated high 

sensitivity pulse echo techniques to plates 1 & 2 and Babcock Energy inspected Plate 3 manually. The German 

teams applied automated high-sensitivity contact probe pulse echo, tandem, and linear holographic techniques, 

whilst the French applied large focussed probes, to plates 1 & 2.  Independent invigilators and occasional nuclear 

regulator representatives observed the Trials. 

 
The DDT’s detection and sizing results (Refs. 3 and 4) were a significant improvement (100% defect detection 

probability for 25 mm throughwall defects, height sizing mean error < 2mm) over those produced in the PISC I 

exercise and provided strong evidence that well designed ultrasonic inspection procedures had good capability to 

detect and accurately size safety significant defects in a PWR pressure vessel. Final results on the performance 

of optimised ultrasonic techniques for the important RPV underclad region were included in CEGBs Proofs of 

Evidence to the Sizewell B Public Inquiry and referenced by their NDE witness under cross examination at the 

Inquiry. 

 

   



 

 

PISC II and III Programmes (1981 -1994) 

The PISC II round robin inspection programme (Ref. 1), organised by the CEC JRC, took place over a 

significantly  longer time period than the DDTs and involved a greater number of teams (including those from 

USA and Japan). Teams applied advanced and current industrial practice ultrasonic inspection techniques for 

RPV clad butt welds, nozzle to shell welds and nozzle inner radii. All results submitted to the data analysis group 
were ‘cleansed’, coordinate converted and then processed to produce a range of PISC performance parameters 
describing defect detection, false call, sizing and location probabilities at the levels of techniques and teams.   

 

The excellent detection and sizing results achieved by the best performing teams on RPV butt welds and 

complex nozzle to vessel and seam welds endorsed those obtained in the DDTs. They highlighted the importance 

of optimised ultrasonic inspection design in order to detect, accurately size and locate defects of importance in 

all RPV regions. The use of high sensitivity pulse echo detection techniques and crack tip sizing techniques 

(single probe and TOFD) were confirmed as necessary for reliable detection and accurate throughwall sizing in 

RPV components.  

 

The PISC III programme (Ref. 6) addressed the fundamentally more difficult issue of ultrasonic inspection of 

austenitic casting and welds and dissimilar metal welds. It comprised eight distinct Actions covering real 

contaminated structures, full scale vessel tests, nozzles and dissimilar metal welds, austenitic welds, steam 

generator tubes, NDE mathematical modelling, human reliability studies and support to Code and Standard 

organisations. The demonstrated best ultrasonic inspection defect detection capability in PWR/BWR austenitic 

castings, welds and dissimilar metal welds was similar to that achieved in PISC II in clad ferritic components. 

However, the results illustrated clearly the vital importance of understanding the factors influencing basic  

ultrasonic inspection capability and then optimising inspection design of equipment (particularly large twin 

crystal longitudinal wave probes) and procedures for the relevant defect types, materials and component 

geometries. Defect sizing was less accurate than on clad ferritic components with rms errors of ~2 to 6 mm 

depending on inspection procedure. 

 

The human reliability trials (Refs. 6 and 7) included inspector personality assessments and psychometric testing, 
video and medical monitoring of inspector performance under simulated site conditions (temperature, noise, 

humidity, access restrictions, etc) and the use of a PC based ultrasonic simulator to assess inspector attentiveness 

and scanning accuracy. Various correlations were made of individual inspector performance variation with time 

of day, day of the week, etc and examples of human factors influencing overall inspector reliability captured on 

video.  

 

Over more than two decades from 1980, numerous reports and papers on the PISC II and III programmes and 

their results were produced by organisers and participant organisations. However, further discussion of the 

detailed PISC II and III results and their impact are outside the focus of this paper.  

 

One of the last PISC II papers (Ref. 8), presented at the PISC III Specialist Meeting in 1994 included a statistical 

re-evaluation of the PISC II results and a comparison of US and non-US team performances and assessment 

against the then recently introduced ASME Appendix VIII criteria. It highlighted the problems of extracting 

meaningful statistical valid results from the processed PISC II data. It noted that the real insight into the factors 

causing good and bad performance could sometimes be obscured by the data cleansing and PISC II data 

processing methods. This is undoubtedly the case but the seminal role played by the PISC programmes in 

highlighting the need for and then providing the means of demonstrating improved ultrasonic inspection 

capability of key nuclear plant components is unquestionable. 

   

 

Birth of Inspection Qualification/Validation (1982) 

The evidence of good ultrasonic inspection capability emerging from the DDTs, and confirmed again in the 

subsequent PISC II international round robin exercise, successfully countered the poor PISC 1 results. However, 
the small number of defects examined for the nuclear plant components of concern prevented the derivation of 

meaningful statistically valid Probability of Detection (PoD) figures for use in probabilistic fracture mechanics 

calculations used in the 2nd LWRSG report (Ref. 5) in 1982.  

 

It was clear that a large number of repeat DDT/PISC II-type trials would be needed to demonstrate a PoD of 

95% with 95% confidence for the smallest critical size defect (25mm height). Furthermore some valid criticisms 

were being made regarding the nature of some of the defects included in the DTT and PISC test plates, the ‘atom 

scientist’ make up of some teams and the unrealistically long time taken by some teams to analyse and report 



 

 

their results. These were obvious weaknesses in the case being made at the Public Inquiry to answer concerns 

over PWR pressure vessel integrity and therefore other methods of assurance had to be offered at the Inquiry.  

 

I had been asked to assist in the writing of Chapter 7 (NDT) of the 1982 LWRSG report. With the 

impracticability of demonstrating high inspection reliability statistically on any reasonable timescale, a form of 
qualification similar to that used in other professions, involving the assessment of the procedures, personnel and 

equipment by an independent qualification body of learned peers, was proposed. This body would be used until 

such time that inspection reliability could be demonstrated practically through the results of combined 

experimental and theoretical studies. These ideas were captured in two recommendations in the 1982 LWRSG 

report.  

 

The idea of an independent qualification body was initially opposed by CEGB, but after some further 

consideration, was supported by them in their NDE Proofs of Evidence to the Public Inquiry. 

 

 

Inspection Validation Centre and Sizewell B Inspection Qualifications 

The UKAEA Inspection Validation Centre (IVC) was formally opened in 1984 with a remit to qualify the 

manufacturing, preservice and inservice inspection systems, procedures and personnel to be used on the Sizewell 

B RPV. Subsequently their remit was expanded to cover similar inspections on other ‘Incredibility of Failure’ 
components including Steam Generator nozzles, Pressurizer nozzles and Pump Flywheel. (CEGB themselves 

qualified inspection equipment, procedures and personnel for austenitic components (pump casing and primary 

pipework.)  

 

The work of the IVC was overseen by an independent Management Advisory Committee (MAC), chaired by Sir 

Alan Cottrell and with members selected from industry and academia. The MAC ensured that the qualification 

process was applied rigorously and maintained the high level of independence and quality assurance promised at 

the Public Inquiry. In particular, the qualification process for each component required the production of  

 

 Defect Specifications 

 Qualification Procedures 

 Inspection Procedures 

 Technical Justifications 

 Test Specimen Specifications 

 Procedure and Personnel Qualification Certificates 

 Qualification Dossiers 

 

Qualification of RPV inspection procedures was primarily through assessment of the evidence of capability, 

based on good inspection design principles and combined experimental and theoretical studies, presented in a 

written Technical Justification. Blind trials of the inspection procedure, applied to full scale test specimens 
containing representative defects using the onsite inspection equipment, confirmed the procedures could be 

implemented in practice. Blind trials were required for all data analysis personnel. For non-RPV components, the 

requirements were modified to allow qualification to be achieved by blind trials alone without the need for 

Technical Justifications. 

 

Under the watchful eye of the MAC, the qualification process was applied rigorously and, being the first of its 

kind, not without pain for all involved. Inspection vendors became aware of the importance of arriving for 

qualification with well designed, technically justified and fully commissioned inspection equipment and 

procedures and trained personnel. Criticism was directed at the IVC qualification process due to the apparent 

high costs incurred. However, such criticism failed to appreciate the necessity of executing such a programme to 

reassure all interested parties at the Public Inquiry that the RPV would be free from significant defects that could 

threaten structural integrity. Furthermore the main investments were in approximately 80 validation test 

specimens, weighing between 80kg and 32 tonnes, built originally for an a planned fleet of UK PWRs, which 

have been used repeatedly over the last 28 years for repeat Sizewell B and third party qualifications.  

 

 

US Performance Demonstration Initiative (PDI) (1992-present) 

Early forms of inspection qualification (Ref. 9) were introduced in the United States to address the issue of 

IGSCC in BWR piping in the 1980s. Inspection vendors and personnel were required to achieve defect detection 

and sizing with prescribed pass/fail criteria in blind trial tests on samples containing known IGSCC defects at the 

EPRI NDE Center. 



 

 

 

Following the conclusions of the PISC I and then PISC II programmes on thick section clad ferritic welds, the 

1989 edition of ASME Code Section XI was updated to require, for RPVs, the use higher inspection sensitivity 

pulse echo techniques (20 % rather than 50% detection threshold) and 70º twin crystal longitudinal techniques 

for the important underclad region. It also introduced the requirement for performance demonstration of 
inspection systems and procedures (Appendix VIII) and personnel (Appendix VII). This in turn prompted 

nuclear plant operators to launch the utility-directed Performance Demonstration Initiative with the 

demonstration program administered by the EPRI NDE Center in Charlotte.   

 

Initially, the PDI initiative focused its attention on performance demonstration for inservice inspection of reactor 

pressure vessels, wrought primary circuit piping and bolting. Due to the diversity of PWR/BWR units operating 

in the United States, PDI adopted an approach which enabled generic qualifications to be achieved based 

primarily on passing blind trials on test specimens held by the EPRI NDE Center. Since then it has expanded the 

PDI approach to a broader range of nuclear plant inspections. A large number of utility, inspection vendors, 

procedures and personnel have been qualified through the PDI process to meet the requirements of the ASME 

Code Section XI. It is apparent that the PDI process, like others, has gradually evolved to allow greater use of 

Technical Justifications to support the blind trials process. Performance Demonstration is now regarded as a 

routine operation associated with nuclear plant inspection to ASME Section XI. 

 

 

European Network for Inspection Qualification (ENIQ) (1992- present) 

In 1992, building on the experience of the UK Inspection Validation Centre, European nuclear utilities set up the 

European Network for Inspection Qualification (now called the European Network for Inspection and 

Qualification to recognise its inclusion of Risk-Informed Inservice Inspection) to seek to manage their inspection 

qualification activities at the European level. The aim was to share inspection qualification expertise and 

resources, and establish a common approach to Inspection Qualification. Membership of ENIQ expanded to 

include nuclear plant operators from former Soviet Union countries, national qualification bodies, plant 

manufacturers, service vendors and research institutions. ENIQ adopted a similar management structure to that 
used for the PISC programme and includes a Steering Committee, Reference Laboratory (EC/JRC) and various 

Task Groups.  

 

An ENIQ qualification methodology (Ref. 10) was agreed which allowed the separate or combined qualification 

of inspection procedure, equipment and personnel based on practical trials (blind and open) on representative test 

specimens and written Technical Justification. In these latter respects, the ENIQ methodology was an evolution 

of that adopted in the UK for Sizewell B PWR.  

 

A set of ENIQ guideline documents (Ref.10) were produced on all the important aspects associated with the 

setting up and operation of a formal Inspection Qualification programme. The intention was that ENIQ 

methodology and guidelines could be used and adapted by individual countries for their own qualification 

programmes but which complied with both ENIQ and their local nuclear regulatory requirements. A common 

requirement is the production of a logical and well supported set of documents demonstrating that all the key 

aspects of the inspection and qualification requirement have been addressed. These can be summarised as 

 

 Qualification Strategy 

 Defect Specification 

 Qualification Procedure  

 Inspection Procedure 

 Test Specimen Specification 

 Technical Justification 

 Qualification Certificates (Inspection Procedure, Equipment and Personnel) 

 Qualification Dossier 
 

 

Adoption of Inspection Qualification worldwide 

Since the establishment of ENIQ and PDI, many European countries and others around the world with national 

nuclear programmes have adopted one or other of these Inspection Qualification approaches. France has 

qualified about 100 different primary and secondary circuit inspection applications (Ref. 11) on EdF’s PWR 
nuclear power plants following the ENIQ methodology. Different qualification levels (specific, general and 

conventional) requiring different forms of qualification evidence have been defined depending on the safety 



 

 

significance of the component being inspected and the postulated or known nature of the defects requiring 

detection and sizing.  

 

 

The ENIQ methodology in particular lends itself to adaption and use by countries with differing regulatory 
requirements and skilled resource availability.  The latest country to embrace Inspection Qualification is P.R. of 

China where formal Inspection Qualifications for reactor pressure vessels were performed in compliance with 

the ENIQ methodology for PWR units at Qinshan and Daya Bay in 2009 and 2010 (Ref. 12).  

 

 

 

Inspection Reliability Assessments in the Nuclear Industry 

Inspection Qualification was proposed originally in the UK to get round the difficulties associated with obtaining 

meaningful Probability of Detection (PoD) figures on a realistic timescale. At the same time it was  

recommended that combined theoretical and experimental studies be undertaken to generate the knowledge and 

evidence needed to eventually allow quantitative measures of ultrasonic inspection reliability. Significant 

advances were made in both areas. Of particular note though are the Kirchoff Theory and Geometrical Theory of 

Diffraction modelling studies at CEGB (Ref.13), and the RAYTRAIM/RAYKIRCH modelling of ultrasonic 

propagation in elastically anisotropic materials (Ref.14), inspection coverage modelling (Ref.15) and Time of 

Flight Diffraction modelling (Ref.16) at UKAEA. Crucially, these early modelling developments were subjected 

to extensive experimental validation (Ref.13). Theoretical modelling studies have continued worldwide aided 

significantly by today’s massive computing power. Limited validation of many recent theoretical models of 

ultrasonic coverage, ultrasound defect interaction and various other physical processes has been performed and 

their adequacy demonstrated. Significantly more experimental validation will be required before such models 

can be used with full confidence. 

 

Many inspection reliability assessments in the nuclear industry have, in practice, been indepth studies of the 

factors (inspection sensitivity, defect characteristics, material anisotropy) that are known to reduce reliability 
rather than quantitative reliability trials of existing inspection procedures. The results from such studies have fed 

into both the design of improved inspection procedures and systems and evidence of capability encapsulated in 

written Technical Justifications. There is no doubt therefore that the technical discipline demanded by the 

Inspection Qualification process and the use of Technical Justifications has had a strong positive effect on 

improving inspection reliability in a qualitative way. 

 

The increasing use of probabilistic safety assessments, structural reliability models and risk informed inspection 

analyses in nuclear power plants require quantitative measures of inspection capability and reliability and this 

need will influence the evolution of qualification methodologies. The link between risk-informed inservice 

inspection and inspection qualification has been assessed by the ENIQ Task Group on Risk (Ref.17). This early 

study describes two methods of quantifying the outcome from inspection qualifications: one based on direct 

expert judgement and a second based on a rigorous process employing Bayesian statistics, and the study 

continues. 

 

Another recent study (Ref. 18) analysed accumulated results from 3200 measurements from the PDI 

qualification programme using a logistic regression methodology to determine PoD curves for circumferential 

defects in PWR dissimilar metal welds. Efforts continue therefore to derive meaningful PoD figures from 

accumulated evidence from Inspection Qualification and knowledge and control of factors influencing inspection 

reliability.  

 

Whilst defined for application in the nuclear industry, inspection qualification in general and the ENIQ 

methodology in particular are relevant to other industries where concerns over inspection capability and 

reliability exist. A non-nuclear version of ENIQ is available as technical report (CEN/TR 14748:2004) issued by 
CEN/TC 138. However the approach in non-nuclear industries to demonstrating inspection reliability has to a 

large extent been quite different from that in the nuclear industry. 

 

 

Inspection Reliability Assessments in other industries 

In industries outside the nuclear sector, where large numbers of identical components are to be inspected for 

similar manufacturing or inservice defects, PoD/inspection reliability assessments are derived from PoD trials on 

multiple test specimens. Considerable attention has been given to the identification and use of appropriate 

statistical models for assessing and measuring PoD (Ref 19).  



 

 

 

The defence, aerospace and oil and gas industries tend to use parametric statistical models which allow 

derivation of meaningful PoD figures from a smaller number of defects and test results than needed using the 

binomial models originally considered in the early nuclear industry. The PoD trials tend to treat the inspector, 

inspection system and inspection procedure as one entity with no separate assessment of each. No independent 
assessment of inspection reliability or capability is demanded and this approach appears acceptable to the 

licensing authorities. 

It is widely recognised that human factors and training strongly influence inspection reliability, as demonstrated 

in the PANI 1-3 programmes (Ref. 20). PoD modelling has been used (Ref. 21) as an alternative to PoD trials 

and these have sought to take into account human error and environmental factors. 

 

 

Inspection Qualification in other industries 

Formal inspection qualification overseen by an independent qualification body has not in general been required 

outside the nuclear sector. However there is evidence that similar processes aimed at ensuring high reliability 

inspection are being implemented. 

 

Emergent degradation or plant manufacturing quality issues in the oil and gas industry have required high 

reliability inspection of a small number of critical components for which adequate representative samples for 

PoD trials cannot be produced. In such cases, formal Inspection Qualification in line with the ENIQ 

methodology has been employed.  Lilley (Ref. 22) reports an example of the application of an ENIQ based 

inspection qualification to the inspection of hot tap subsea complex geometry welds in the oil and gas industry. 

Qualifications were based on, amongst other things, mathematical modelling, written inspection procedures and 

technical justifications, open trials and specific inspector training.  

 

Rummel (Ref. 23) discusses the use of PoD assessments to understand and control all the variables influencing 

NDE capability, reproducibility and repeatability and to achieve procedure optimisation and validation for 

aerospace inspections. The importance of process control and ‘multipoint’ calibration methods in reducing 
apparent human factors variances is stressed. This use of PoD assessments is similar to the assessment of 

essential variables performed for ENIQ base qualifications based on accumulated evidence and technical insight.  

 

Where inspections are performed on complex geometry components with multiple inspection techniques aimed 

at detecting a variety of defects throughout the component volume, the derivation of meaningful PoD curves 

from one practical trial alone becomes very difficult. The concept of an overall ‘volume PoD’ (Ref. 24) derived 

from combining individual PoDs from each inspection technique is proposed. The output so generated mirrors 

the evidence of good inspection design to achieve full inspection volume coverage required in a Technical 

Justification under the ENIQ methodology.  

 

Many oil and gas producers and inspection vendors have joined the HOIS industry forum operated by ESR 

Technology in the UK to discuss inspection issues and develop improved inspection technology to meet their 

industry needs. HOIS provides its members with independent indepth technical support and assessments 

equivalent in many respects to that demanded through inspection qualification in the nuclear industry. A series of 

HOIS recommended practices (example Ref. 25 on weld corrosion) for NDT of specific oil and gas components 

have been produced which contain the key elements of defect specification, optimised inspection design and 

technical justification.  

 

There is evidence therefore that, on a case by case basis, industries other than nuclear are adopting the stringent 

requirements for optimised inspection procedure design and technical justification demanded in nuclear 

Inspection Qualification practice based on the ENIQ methodology. 

 

 
UK University Research Centre for NDE 

An early concern regarding introduction of Inspection Qualification was that the costs involved would stifle 

innovation, research and further improvement of inspection systems and procedures. Fortunately there is little 

evidence that this has happened and indeed research into new and improved NDE and monitoring technologies 

flourishes worldwide. Unlike the early 1980’s however, there are few major national nde research programmes 
and industries have cut back severely on in house research.  One method of funding such research today, and at 

the same time training tomorrow’s ndt specialists, is for groups of companies from different industrial sectors 
collaborating with university NDE research groups to solve common inspection problems. 



 

 

 

As one example, the UK University Research Centre for NDE (RCNDE) performs joint-funded research into 

new inspection technologies for a range of industries (Ref. 26). NDE technologies emerging from RCNDE are 

entering the early stages of technology transfer to industry and leading to eventual inspection qualification and 

reliability assessment. RCNDE comprises six major UK universities with NDE research groups, 17 industrial 
members and 21 associate members from nuclear, oil and gas, aerospace and rail industries. Core and targeted 

NDE research is performed to address key short, medium and long term issues identified by the industrial 

members under the themes of accurate NDE for structural integrity, new NDE technology and permanently 

installed and autonomous NDE systems.  

 

The NDE technologies resulting from these research programmes include  

 Next generation ultrasonic phased arrays 

 Defect imaging and characterisation methods based on phased array full matrix capture/total 
focusing and super resolution methods 

 Laser ultrasonics to detect damage precursors 

 Advanced laser thermography 

 Micromachined transducers and future electronic platforms for ultrasonic NDE 

 Permanent monitoring of material properties 

 Reconfigurable systems for automated and remote NDE 

 Non linear guided wave structural health monitoring  

 

Where considered necessary, these technologies will eventually be qualified and reliability will be assessed for 

industrial use. Their early exposure to the critical eye of the industrial end users keeps the research focused on 

industry needs so to aiding future technology transfer.   

 

 

Conclusions 
Inspection Qualification was introduced initially into the UK nuclear industry to address the difficult issue of 

quantifying inspection reliability for Incredibility of Failure structural components, such as the reactor pressure 

vessel, in the planned Sizewell B PWR. In the USA, it emerged from inspection reliability concerns regarding 

major BWR nuclear plant degradation issues and evidence from the PISC II trials.  The adopted ENIQ and PDI 

approaches met the different needs of the European and US nuclear industries, with the former introducing the 

concept of the written Technical Justification and the latter focusing primarily on evidence from test block trials. 

Both approaches have been extremely useful in improving overall inspection reliability in a qualitative way.  

 

Nevertheless the need for quantitative measures of inspection reliability in structural reliability models and risk 

informed ISI assessments have prompted the need for Inspection Qualification to produce meaningful POD 

curves. In industries outside the nuclear sector, derivation of PoD curves from practical trials on defects in test 

specimens has been the preferred approach. This has led to the evolution and selection of appropriate statistical 

models that allow meaning PoD curves to be derived from achievable numbers of PoD trials. Nevertheless, for 

certain critical and complex inspections, the PoD approach has required support from the key elements found in 

Inspection Qualification. Consequently, the Inspection Qualification and PoD trials approaches of addressing 

inspection reliability appear to be converging as they mature.  

 

It is widely recognised that human factors places an important role in determining overall inspection reliability 

and efforts continue across all industries to understand and minimise its deleterious effects. Finally, there is 

strong evidence that research into new NDE technologies to meet emerging plant degradation and monitoring 

requirements has not been stifled by the Inspection Qualification process with joint-funded industry/university 

collaborations offering one attractive approach.  
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