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ABSTRACT 
 

The UK’s Health & Safety Executive sponsored a series of three projects investigating the application 
of manual ultrasonics, which endeavoured to establish the necessary steps that ensure a reliable 
inspection is performed. The three projects were each reported separately on completion, as were a 
number of guideline documents which the projects initiated. 

This paper describes the results of recent work which summarises the key lessons of all the 
PANI projects and associated documents in to a single, easy accessible volume. This information is 
supplemented by a review of work published since the completion of the last PANI project and by a 
survey on the impact of PANI on the NDE community. The transfer of the lessons from manual 
ultrasonics to other NDE techniques is discussed. 

 
 

INTRODUCTION 
 

Starting in 1997 and running through to 2007, the UK’s Health & Safety Executive initiated and 
sponsored the Programme for the Assessment of NDT in Industry (PANI). The impetus for the work 
came out of a desire to assess the effectiveness of NDT as applied outside of the nuclear industry in 
the UK. There had been many projects such as PISC which had led to changes in the way NDT was 
applied in the nuclear industry but the impact on NDT outside of the nuclear sector was not known. 
The first PANI project was instigated to provide this information. 

The results of the first PANI project led to a second project to support the first’s 
recommendations. This in turn led to a third project in an effort to address the issues highlighted by 
the second. In each case the results were disseminated through a specific project results seminar. 
Subsequently, conference and workshop presentations and talks to institute branches have been used 
to promote the results and the project reports. The reports for PANI 1 & 2 were available on CD-
ROM and the PANI 3 report was made available through the HSE website.   

Each of the projects was managed by a committee of NDT representatives from key industry 
sectors and involved the participation of a total of 90 operators. So what has been the impact of this 
effort? It is known that some companies reviewed their NDT organisation in the light of the findings 
of the PANI 1 report and there have been anecdotes that NDT companies have also responded to the 
output from the projects. However, it is not known how well the output from the projects has been 
considered by the NDT community and whether this information has been considered appropriate to 
other NDT methods other than ultrasonics which was the main focus of the projects. 

There is a lot of important information relevant to the performance of reliable NDT which is 
contained in the three PANI reports, and also in a number of guideline documents which also grew 
out of the PANI project which may not be getting out to the NDT community. It was therefore 
decided to produce a summary document which would make this information more easily accessible 
and to highlight in the document how the project findings relate to other NDT methods, taking visual 
inspection as an example. The headings below reflect the contents of this summary document. 
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SUMMARY INFORMATION 
 

Although the document is a summary of the PANI work, the first section gives a précis of key points 
relating to the different aspects of NDT. The main focus throughout the three projects was the 
Operator and the performance of the operator. Both PANI 2 and PANI 3 provide information on how 
individuals can be assisted to improve performance. 

All three projects required the application of an inspection Procedure but it was only in PANI 3 
that the importance of the procedure in ensuring a reliable inspection was emphasised. Both the 
results of PANI 1 and PANI 2 showed issues regarding the role of the procedure in the inspection.  
However, it was only in PANI 3 when the procedure was subject to the scrutiny of a Human Factors 
specialist that its importance on the outcome of the inspection and its relation to the operator was 
identified. 

Again PANI 3 was the catalyst in highlighting the inconsistencies in the NDT Process which is 
applied across industry. The influence of the NDT vendor management and the client and the 
requirements and responsibilities placed on the operator all contribute either positively or negatively 
to the success of the inspection. 

The Capability of NDT to meet the requirements of an inspection is rarely explicitly stated. In 
the nuclear industry this has been addressed in part by Inspection Qualification although this is seen 
as only being necessary for safety critical inspections. In the non-nuclear industry the adoption of 
Risked Based Inspection (RBI) and Non-Invasive Inspection (NII) has meant that the requirements for 
NDT are now being specified. Inspection Qualification has also been adopted for a small number of 
safety or economically important inspections. However, the importance of stating the capability of an 
inspection to the communications between the vendor, plant owner and operator can be found in the 
PANI projects  

The combined knowledge accrued during the three projects culminated in the production of a 
Code of Conduct for use by industrial Plant Owners. This Code of Conduct was produced as an aide-
memoire to Plant Owners who are keen to maximise their benefit from Non-Destructive Testing. The 
Code of Conduct was originally given in the Appendices of the PANI 3 report but has been 
reproduced in the summary document. 

 
 

PANI 1, 2 & 3 
 

PANI 1 started with a questionnaire completed by industrial companies. Manual ultrasonics was 
identified as the NDT method of most concern and so the project focussed on the performance of in-
service manual ultrasonics as applied on standard key industrial plant components. Test pieces 
containing artificial, service induced defects, and mounted to simulate on-site access conditions, were 
inspected by operators in a round robin exercise. An ex-service boiler, which had been scrapped 
because it contained unacceptable defects, was also used as a test piece.  

The test pieces were subsequently sectioned to assist in the analysis of the effectiveness of the 
ultrasonic inspections. PANI 1 showed that, despite advances in technology, the conclusions of 
previous reliability studies, such as NIL and Nordtest, are as applicable today as they ever were. The 
results have shown that detection of defects is variable especially when the inspection is complicated 
by the geometry, access or the defect characteristics. The boiler was found to be particularly 
challenging for the operators. However, steps can be taken to ensure the reliability of an inspection. 

PANI 2 was a very similar exercise to PANI 1, with the aim of quantifying the recommended 
improvements from PANI 1. The operators were split into 3 different groups: control group (no 
additional assistance), training group (given training on similar test pieces) and an improved group 
(given a detailed procedure for the geometry). Flaw detection frequency (FDF i.e. the number of 
defects detected expressed as a percentage of the number of defects inspected) was used as a measure 
of the reliability. Small differences were observed between the three groups: the improved group did 
slightly better overall than the training group, who in turn did slightly better than the control group. 
Analysis showed that the results of the control group were statistically different to those of the other 
two groups and that there was no difference statistically between the improved and training groups.  



However, differences in performance between the control group and the other two were considerably 
smaller than the variations in the performances of the operators within each group. PANI 1 had shown 
a similar variation in operator performance. 

PANI 3 attempted to address the influence of human factors and whether trends in the results 
could be determined by a certain operator competence, personality trait or other working environment 
influence. The project comprised of an investigation into the human factors aspects of the manual 
ultrasonic task and an assessment of both the organisation of NDT and the NDT process (initially 
referred to as QA Assessment). The key parts of the programme were data gathering and review and 
operator participation in experimental work involving ability and personality tests and an ultrasonic 
inspection of a test piece.  

The results from PANI 3 address operator performance, the ideal inspection procedure, the ideal 
inspection process and organisational factors. One finding revealed that operator performance on the 
test pieces was related to their scores on the test of Mechanical Comprehension and the personality 
scales measuring Original Thinking and Cautiousness. The relationship between these ability and 
personality measures, and ultrasonic inspection performance, was stronger than that found between 
ultrasonic inspection performance and the number of years of experience that an operator had in 
undertaking manual ultrasonic inspections. 

 
 

GUIDELINES DOCUMENTS 
 

When the PANI 1 project results were reported, the NDT community was not really surprised by the 
outcome: the people who were surprised where those who bought in NDT and who used the results. It 
was evident that a Guidance document, which explained the requirements of NDT to those who 
interacted with NDT, would be of benefit. The first Guidance document addressed Manual 
Ultrasonics and was produced under the auspices of a management committee to ensure it was a 
practical document. Two more were subsequently produced to cover the common methods of 
“Surface Techniques - MPI & Dye Penetrant” and “Radiography”.  

Concern about the use of ultrasonic results in defect assessment calculations without due 
consideration of the errors inherent in the sizing techniques applied led to the production of the fourth 
document: “Ultrasonic Sizing and Engineering Critical Assessment”. The management committee in 
this case included structural integrity engineers as well as NDT representatives. 

 
 

REVIEW OF OTHER WORK 
 

The PANI 3 report presented a detailed literature survey on human factors in NDT which had been 
performed somewhat earlier than the publication date of September 2007. The summary document 
reviews some relevant papers which have been published since then. 

An investigation into the ergonomics and human factors in the application of dye penetrant and 
magnetic particle inspections highlighted the importance of working posture during an inspection in 
addition to other more obvious factors [Ref. 1]. A German study [Ref. 2] on the effects of fatigue, 
time pressures, stress and experience on the overall performance of an operator in inspection has 
shown that all the factors had a statistical effect on the performance of the operator or the outcome of 
the results. A key finding was that it was the operator’s perception of the time pressure rather than the 
time pressure itself which led to a lower precision in an operator’s results.  

A paper written in 2009 by the Atomic Energy of Canada [Ref. 3)] discusses the importance of 
management and the operator and the link between the two as illustrated in the PANI 3 report. The 
importance of quality assurance in NDT, the role of the Quality Management System and how they 
link to the main factors in the NDT process are discussed. This approach is endorsed by The European 
Federation of NDT which has produced Guidelines on how to address all aspects of the “Overall NDT 
Quality System” [Ref 0].  

The papers reviewed in the Summary Document complement the PANI 3 report emphasising 
the reliance of reliability on the management of the inspection as well as the operator performing the 
task. 



ASSESSMENT OF IMPACT 
 

The PANI projects have raised some key issues for NDT and practical solutions to improve its 
reliability have been offered. However, the extent of the impact of the three projects and the 
associated Guidelines documents was unknown. A survey was therefore conducted in the NDT 
community about the PANI programme and how it has influenced, if at all, the daily working 
practices. A total of 51 companies were surveyed.  

Unfortunately, the results of the three PANI projects and the content of the associated HSE 
Guideline documents are not widely known despite efforts to promulgate the information. Even fewer 
NDT organisations had made changes to the way they operated in the areas of the training of 
operators, supervision, inspection procedures, working practices operator selection and liaison with 
client. 

The results of the survey emphasise the importance of seeking alternative ways of getting the 
message across to those who need this information to improve working practices and to demonstrate 
that NDT is reliable and repeatable. 

 
 

APPLICATION TO OTHER NDT TECHNIQUES 
 

Only 20% of the respondents to the industry survey thought that the results of the PANI projects, 
obtained from manual ultrasonic inspection, were relevant to other NDT techniques. However, there 
are many lessons which can be successfully transferred over to other NDT techniques. This is 
illustrated by the Guidelines documents produced for Surface Techniques and Radiography which 
were based on the original Manual Ultrasonics document. 

All techniques require operator training and the on going accumulation of operator knowledge. 
Methodologies must adhere to a well structured process and have procedures which are strictly 
followed. Management and supervision, or the lack of it, is crucial to the successful application of any 
inspection. 

For the time being at least, all NDT techniques require some input from humans. The PANI 
reports show that over-loading an operator with tasks will surely lead to unwanted results and that 
decreasing the obvious factors that cause operator mis-judgement or poor performance can greatly 
increase the chance of achieving better results. This is common to all NDT techniques. Giving an 
operator clear concise documents to adhere to, giving them ample time to complete their task and 
letting them concentrate in a safe environment with appropriate training should be a top priority for 
the NDT industry. 

The Summary Document describes the applicability of the PANI results to visual inspection as 
an example of how the PANI results can be utilised in the application of other techniques. The 
example covers the following aspects: 

 
• A common inspection process 
• The influence of the operator 
• Training and qualification requirements 
• The organisation 
• The procedure & capability 
 
 



CONCLUSIONS 
 

The PANI and associated projects have generated a lot of information which could assist 
organisations in improving the reliability of their NDT. Unfortunately, despite efforts to publicise this 
information over the years there is still a lack awareness and a lack of appreciation that the 
information may be applied to NDT methods other than ultrasonics. 

In order to address this and make the information more accessible a summary document of the 
PANI projects has been produced. This document, once approved for issue, will be made available on 
the HSE website and in other forms deemed appropriate. 
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PANI DOCUMENTS ON THE INTERNET 
 
The following PANI documents can be accessed on line: 

 
 

PANI 3 Report 
http://www.hse.gov.uk/research/rrhtm/rr617.htm 

 
 

Guideline Documents 
 

Manual Ultrasonics 
http://www.hse.gov.uk/comah/sragtech/ndt1.pdf 

 
Magnetic Particle & Dye Penetrant 

http://www.hse.gov.uk/comah/sragtech/ndt2.pdf 
 

Radiographic Inspection in Industry 
http://www.hse.gov.uk/comah/sragtech/ndt3.pdf 

 
Ultrasonic Sizing Errors & Their Implication for Defect Assessment 

http://www.hse.gov.uk/comah/sragtech/ndt4.pdf 
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