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NDT is definitely a mature technology, but despite this, 
there are definitively problems, begins Johannes. 
“It is increasingly necessary for NDE to become part 

of the product development cycle so that engineers are less 
likely to incorporate impossible requirements into their end-
products. 90% of the NDT problems we experience in the field 
are related to poor design. If an inspector can’t get there, or 
can’t reach the inspection point, then no procedure or modern 
method will help. And these issues reoccur on a continuous 
basis,” he begins.

Outlining his talk he says that he will be discussing degra-
dation mechanisms and the need for precursors to help track 
equipment health; the need for improved probability of detec-
tion (POD); structural health monitoring and prognostics; and 
the technical challenges and how these might be overcome 
in the future.

“Since the 1970s, all major construction codes have 
specified NDT requirements and defect acceptance criteria 
pertinent to the particular construction code. But the defects 
in the codes are totally different to those that we see in ser-
vice. So we are performing NDT to construction codes to meet 
code requirements, but we quite often miss service induced 
discontinuities as the morphology of these is totally different 
to construction defects – and designers are not aware of this 
fact,” Johannes points out. 

In addition, although the NDT acceptance criteria are well 
defined and the testing methodologies are well developed and 
published, these can often not be applied in practice. “Any ma-
ture technology has got to adopt a review and change process,” 
he suggests. “Following some R&D to develop technologies and 
equipment – generally with less R and lot more D – calibration 
and procedure development needs to be done, followed by 
personnel training and NDT system capability assessment. 

“We need to be much more cognisant of human factors, 
though: safety issues, people near reactors or in hot areas 
near steam generators. And following its implementation, the 

NDT today: through my looking glass

A 3.5 m by 6.0 m fracture surface of a turbine rotor that ‘exploded’ at a power station in 
Germany the 1988.

A diagram from Ensminger and Bond illustrating how NDE and materials 
science interact with one another. Ensminger and Bond, 2011.

By incorporating materials characterisation aspects, microstructural 
parameters and structural performance into evaluations, it becomes possible 
to identify a process signature that can be used to track damage and, along 
with NDE, to determine remaining service life.

The goal is to proactively address potential future degradation in operating 
plants as far to the left as possible in order to avoid failures and to maintain 
integrity, operability and safety. Hess, DARPA.

Delivering the keynote address at the NDT Conference hosted 
by the Southern African Institute of NDT (SAINT) on the occa-
sion of its 50th anniversary, Manfred Johannes highlights chal-
lenges facing the industry and suggests some new directions 
for a more modern and successful NDT industry.

technology needs 
to be subjected to 
routine surveil-
lance on an ongo-
ing basis, via au-
dits and surveys. 
And if any one of 
these links break, 
then the integrity 
of the whole technology is compromised,” he warns.

Johannes suggests that surveillance should not be the 
responsibility of the NDT company. The end user of the equip-
ment, who should know exactly what is required from the NDT 
process, should be doing ongoing surveillance. “But how many 
NDT specialists work for our power utility. In general, surveil-
lance by plant and equipment operators in South Africa is very 
poor,” Johannes believes. 

He says that NDT problems mainly concern in-service 
inspections. “Construction defects are mostly volumetric – 
porosity, inclusions, lack of fusion – while service-induced 
defects are planar. So we need to ask the question: can the 
NDT that we perform find the discontinuities likely to lead to 
chaotic failure?

“And I think all owners of operating plant should be ask-
ing this. It is their duty to ask why they are doing an in-service 
inspection, what they expect to find and how they will respond 
to an indication,” he says.

Yet in spite of this need, there is only one in-service inspec-
tion (ISI) code – ASME XI for Nuclear plant. “As early as 1992, 
a general ISI code was being developed, but this has yet to 
emerge. Why? The developers realised that a code would re-
move the ultimate responsibility from plant owners and place 
it onto NDT service providers.”

Johannes believes that plant owners need to make it very 
clear to NDT specialists what they expect: what the critical 
failure modes are, exactly where these are most likely to occur, 

the acceptance criteria and their repair intentions.
Describing a typical plant experience, he says 

he once received a phone call to come and ‘do 
some crack testing’. What is the material? What 
equipment? Where are the cracks, the casing or 
somewhere else? What kind of cracks? “I was told I 
was asking too many questions and asked if I knew 
what I was doing,” he recalls. 

“We need to educate operators in what is pos-
sible and what is not. What are the failure mecha-
nisms? Where are the previous inspection results 
and failure reports? We need to know the answers 
to these issues if we are to do anything meaningful,” 
he argues.

And meaningful NDT is essential if catastrophic 
failure is to be avoided, he continues, pointing to-

wards a 3.5 m by 6.0 m fracture surface of a turbine rotor that 
‘exploded’ at a power station in Germany the 1988.

What went wrong? In spite of five days of code-compliant 
testing using good technology, a large planar off-centre defect 
was completely missed. The crack grew steadily until, only 
three seconds before failure, a heavy vibration was detected 
followed by the complete destruction of the turbine. One 
fracture piece was found 3.0 km away. 

Needless to say, the inspection procedure for all rotors 
was immediately modified from one scan to many from all 
angles over the entire body of the component. “Accidents and 
chaotic failures do tend to cause changes to codes and invoke 
more scans, but shouldn’t we be more proactive in our overall 
approach?” he asks. 

NDT system capability assessments 
“The NDT system has got three legs, equipment; procedures/
work instructions; and personnel,” says Johannes, and each of 
these legs must be assessed to determine system capability.

At the core of such assessments is the manufacture of sam-
ples containing defect reflectors, which are used to perform 
open trials to assess equipment and procedure performance. 
The same samples can be used in blind trials to assess the 
ability of NDT personnel to detect flaws using the equipment 
and inspection procedures that have been developed.

“At the EPRI NDT Centre in Charlotte, USA, they spent more 
than US$10-millon manufacturing samples to qualify stress-
corrosion cracking testing procedures for nuclear pipework. 
When qualifying personnel, they first give the candidate a 
known sample to prove that the procedure and the equipment 
work. Then they issue a new blind sample to see if the NDT 
practitioner has the skills to find unknown defects using the 
same procedure and equipment,” Johannes says. 

“In South Africa, we haven’t got anything like this facility 
and NDT companies have to manufacture their samples on the 
bench. We have been talking about a scale-down version of 
the EPRI at the CSIR, but we have not yet secured the money 
we need to make this happen,” he adds. 

Johannes describes the results of capability assessments 
in several round-robin tests: from PISC (Programme for the 
Inspection of Steel Components); PANI (Programme for the as-
sessment of NDT in industry) and DDT – Defect Detection Trials 
in the UK. “In the DDT, trial 90% probability of detection was 
required to get the go ahead to run the plant, but the actual 
POD was down at 65%. 

“Overall, the results from these trials all indicated that NDT 
technologies and the application thereof was not as reliable 
as previously believed!” Johannes exclaims, adding that this 
emphasises the need for a system that significantly increases 
the real POD.

The weaknesses identified in PANI included: 
• Inaccurate technical instructions: When I get there I do not 

know what to do.
• No consistent policy or enforcement: A new quality man-

ager changes the game. 
• Production pressures: Production hurry the NDT people up, 

indication are found but the manager is on a turnaround 
bonus, so he ignores them and tells you to go home. 

• Poor quality control: The NDT inspector feels so unsafe and 
uncomfortable that it is difficult to concentrate. 

• Poor organisational support: Site, road, plant and inspec-
tion point access are sometimes all very difficult. 

• Having a bad day: Does the inspector feel OK? In one ex-
ample, an NDT technician who had a fight with his wife was 
so stressed that he closed the valves in the wrong order, 
causing expensive damage.

• Under-skilled inspectors: While not under qualified, people 
often lack specific practical skills because they have been 
trained too generically. They have never been trained to 
do the actual job properly. 

• Under-motivated inspectors: People getting bored looking 
at the same screen everyday. 

• Worker turnover. People don’t want to do hands on 
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The prognosis vision of the Defense Advanced Research Projects Agency 
(DARPA) in the USA.

work anymore. They strive to move up into office jobs or 
management as soon as possible. 

• Aging workforce: which is a worldwide problem. Globally, 
inspectors of nuclear plant are now at an average age of 55. 

“In some of these capability assessment tasks, people were 
made to lie on the floor to do a test, then lie in the same posi-
tion in a puddle of water to make it as difficult as possible to 
find defects. This simulates the effect of the real environment 
and it obviously changes the POD,” Johannes notes.

Citing identified strategies for improvement, he says that 
the skills of inspection personnel; training quality; work in-
structions; the real testing environment; keeping equipment 
as simple as possible; improving management and better vigi-
lance were all found to contribute to better detection results.

“These challenges and solutions are an international phe-
nomenon,” Johannes says, before urging delegates to down-
load and read an ICNDT report entitled ‘A Landscape for the 
Future of NDT in the UK Economy’ as well as the 'PANI 3' report.

Where is NDT going
Johannes shows a diagram by Ensminger and Bond illustrat-
ing how NDE and materials science interact with one another. 
Traditional NDE involves detecting degradation and flaws that 
are likely to affect the material properties, performance and 
structure of a construction. 

While NDE involves mostly measurement, by incorporating 
materials science aspects such as microstructural parameters, 
the material’s mechanical, thermal and electrical properties, 
and its structural performance into evaluations, it becomes 
possible to identify a process signature that can be used along 
with NDE to determine remaining service life. “The idea is to 
combine monitoring with diagnostics and prognostics for 
holistic structural health monitoring. (SHM),” he says.

“Past experience needs to guide areas with high probability 
of failure, to help us to model and predict where defects will 
initiate, for example. We want to be able to assess the progres-
sion of damage before cracks form, quantify the initial state 
and, where possible, check the evolution of damage. Then we 
need to make validation of prognostics calls, using advanced 
sensors and detection techniques to ‘see’ incipient failure very 
early,” Johannes explains.

By looking at grain boundary echoes, for example, state 
changes can be detected right down to single grain crystals 
and potential future degradation can be proactively addressed 
in operating plants to avoid failures and to maintain integrity, 
operability and safety.

At the heart of this new approach is materials characterisa-
tion, which is really about characterising the microstructure in 
term of stress, strain, grain size, local moduli, fatigue, fracture 
toughness and such like. In the context of NDE and SHM, the 
goal is to evaluate and determine the material properties prior 
to and after the formation of flaws.

Why is this important? “In some cases the first crack can 
be catastrophic, due to zero tensile modulus, for example. 
Materials characterisation can help guide focused NDT to 
regions with high propensity to fail.

“The approach can give early warnings of structural 
integrity problems, even before the formation of a flaw. Not 
only can this reduce catastrophic failure risks, it can also be 
used to more accurately predict remaining life,” Johannes 
tells delegates.

The increasing use of models of material state and me-

chanical properties, with full characterisation, is already en-
abling materials science and design to merge. Such techniques 
will help NDT to grow in its application with improved quality, 
safety, sustainability and cost of ownership being key drivers. 
This will all lead to better and more effective deployment of 
both traditional and advanced NDT.

Big data, permanent records, better equipment, automa-
tion and robotics, with better integration into manufacturing, 
is likely to become more prominent, along with continuous 
process monitoring, measurement and control.

In terms of size, Johannes points to a table published 
by BCC research entitled: Global Market for Non-destructive 
Testing Equipment and Services by Srinivasa Rajaram, which 
predicts that the total market is set to grow by a compound 
annual growth rate (CAGR) of 8.9% between 2017 and 2022.

“NDT is increasingly seen as part of condition-based 
maintenance (CBM), prognostics and quality manufacturing 
processes. But it needs to be more quantitative and sensi-
tive. New sensors will enable integration into manufacturing 
metrology and better tools for early damage characterisation 
will be developed,” he says.

“With full Integration of NDE into engineering and product 
life-cycle management – with design for inspectability and 
monitoring built in – NDT can be much more effectively used 
to minimise total ownership costs and for the quantification 
of uncertainty and the minimisation of risk. 

In order to achieve this, however, international co-opera-
tion between universities will be needed. “Until we are used 
to these new ideas, we will need to encourage our students 
to study overseas. But at the CSIR over the past four years, 
we have been involved with 140 MSc Engineers who currently 
know something about modern NDT.

Johannes reiterates his belief that companies must realise 
their responsibilities to assure plant safety. “Outsourcing has 
gone too far!” he exclaims. “We all need to put our heads on the 
block, take responsibility for our work and its findings and do 
something to change things for the better. NDT Level III Inspec-
tors have to start doing engineering work, use reports to raise 
issues, point out deficiencies in scope and technology, suggest 
process enhancements and initiate design changes and R&D. 

“I hope we can avoid a future where we use our advanced 
NDT equipment inappropriately: instead of flying the aero-
plane, we run with it , or we use a rifle as a bow and arrow.

I have spent nearly a lifetime trying to prevent NDT tech-
nology from being misapplied. And unless we succeed, we 
will never take our rightful place as a professional engineering 
discipline in our own right,” he concludes.
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