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Abstract. The nuclear fuel disposal in Finland is based on a 3 barrier concept: 
bentonite; copper overpack and cast iron insert for which modern tools of risk 
minimisation are employed. The inner barrier cast iron insert is covered by a copper 
canister composed of copper lid, copper tube and EB-weld. The copper canister is 
providing first of all a corrosion barrier against ground water corrosion and in the 
second instance a radiation barrier. For this a certain minimum of wall thickness of the 
copper shell has to be guaranteed. 
The most sensitive part of the copper shell is the sealing weld between the tube and lid 
and bottom. The weld is produced by electron beam welding (EB). Already during the 
manufacturing procedure defects might occur which diminish the wall thickness. It is 
very important to identify all those detectable defects which would lead after summing 
together to a critical wall thickness which cannot guarantee a stable wall during the  
100 000 years demanded until the required decay. 
To meet these requirements POSIVA applies during the development processes of the 
production set up 4 different NDE methods to make sure no important defect is 
overseen on the one hand. On the other hand the study is devoted to the investigation 
and optimisation of all influencing factors on the reliability of NDE including the 
human factor. 
The used NDE methods are VT, ET, UT and RT.  All methods have a different 
behaviour of the POD. This behaviour is under study in the Posiva Project. Posiva has 
made in 2008 trials of 12 real size welds. All welds were inspected with those 4 NDE 
methods.  The raw data from the measurements were stored and all indications have 
been analysed. The evaluation of NDT methods will be carried out by comparing NDT-
indications with metallographic evaluation. There have been chosen 50 indications and 
non-indication positions in the weld. These positions will be analysed and compared to 
NDT-responses in 2009. The POD of each method will be evaluated firstly by responses 
of reference defects and secondly to responses of real defects. In the POD-evaluation 
one important element will be combining POD’s of different NDT-methods together. 
This can be used for evaluation realistic and improved detectability. This evaluation will 
be ready in 2010. This is one focus of this POD-study, which will be carried out by the 
BAM. The Human factor is always present in data acquisition, data storage and data 
evaluation of NDT responses. In the case of Posiva all inspections has to be carried out 
with remote controlled and in mechanised way. One focus is to find key points to 
minimise the human effect on the result of mechanised inspections.  This can be 
approached either from organisational or technical direction. The human factor study 
attempt to find issues that have an effect on the POD and the results of these studies will 
be used to minimise the risk in NDT inspection of nuclear fuel disposal canisters. All 
the measurements have been carried out on real size welds and inspections has been 
carried out with the same techniques as they will be used in the encapsulation plant. In 
Posiva these items will be studied until 2011.  Posiva has launched several projects in 
this area - the POD and HF study carried out by BAM and VTT and the metallographic 
study carried out by several companies (VTT, FNS and Trueflaw). All inspection 
procedures and development of testing techniques has been realised by the help of 
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several inspection companies and research institutes like Inspecta, Polartest, which is 
part of international testing and Inspection Company DEKRA AG, VTT and IZFP from 
Germany. The welding has been carried out in cooperation with Patria. Also the 
qualification items are considered according to ENIQ and to Finnish qualification 
practice. All these method will be evaluated in order to carry out pre qualification latest 
in 2012. This evaluation will be carried out by an expert group from TVO, FNS and 
Inspecta Certification. In ultrasonic testing CEA guides in modelling and M2M and 
Imasonic provide support in ultrasonic phased array technology and phased array 
probes. Also work to produce a defect catalogue has been started in order to provide a 
tool for inspectors to collect indications with corresponding metallographic sample. 
With the help of this it will be easier to train inspectors. Also in real production use 
quickly all information available to analyses for indications. This work will be carried 
out in cooperation with SKB and Posiva. In the Finnish project take part also Helsinki 
University of Technology. 

1. Introduction  

The reliability of several NDT methods has to be evaluated in order to find potential weak 
points in quality control during the manufacturing of canister components of spent nuclear 
fuel. The materials to be tested are oxygen free copper - lid, tube and weld and nodular cast 
iron insert. Almost every NDT inspections will be carried out in a mechanised way and in 
the encapsulation plant fully in remote controlled way. The reliability of each single NDT 
method  have to be studied separately and combined all analysed inspection results together 
in order to receive the best possible overall result in reliability. In the following will 
handled several items to explain the factors affecting to reliability. Following items can be 
identified in mechanised inspection. The most important items are underlined according to 
author opinion:  
 
 The equipment and its condition?  
 The inspection procedures? 
 The proper use of physical principles of single NDT-methods? 
 Training and experience of inspection personnel 
 How the defects will be generated in the component? 
 Which is the worst case defect in every single NDT method (VT, ET, UT and RT)?  
 How qualification will be carried out? 
 What type of data should be available?  
 How to qualify the personnel? 
 How should reference specimen and qualification specimen be? 
 How can modelling reveal weak points from the technical point of view and how 

can it help to improve the inspection reliability? 
 How acceptance criteria should be that they are relevant in the manufacturing, 

welding, handling and long time safety? 
 How to ensure inspectors awareness of defects which are possible and which should 

be found?  

 How indications from these types of defects behave using different NDT-methods?  
 To train inspectors to evaluate how do POD-curves behave for different type of 

defects. In this task one should be able to take in consideration all essential 
parameters and their variations in inspections of real components. 

 How to avoid human errors during data evaluation? 
 How to convince inspectors for positive attitude for the importance of the 

inspection? 
 How to generate a positive atmosphere in the company for this inspection task? 
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All these items should be evaluated in order to be able to take them into account in 
technical issues, inspection procedures, training, organisation and possible timing of work. 
The manufacturing will produce different type of defects and also the distribution of defects 
will be different depending on the manufacturing and welding methods. These items in co-
operation with POD and improved inspection procedures after studying the human factor in 
evaluation of those methods will give the best possible reliability for inspection. In all cases 
in NDT inspection it needs to be considered whether the origin of the defect is a noise 
factor or a process control factor. This is because a noise factor is not as simple to correct 
as a process control factor. 
 In different areas exists a possibility to mistake, make a misjudgement or just for 
technical errors. These possible causes of errors should be identified and removed in order 
to improve the reliability of inspections. The following items are predisposed for potential 
improvement in our case: 

 
Manufacturing, welding and handling of components 
Mechanised inspection in general 
Single NDT method 

  Defect detectability and POD 
 Analysis of inspection - data evaluation 
 Verification of inspection results 
 Combination of results 
 Human factors 
 Qualification 
 
2. Manufacturing, welding and handling of components 
 
Statistical information is needed to control manufacturing. With the help of this statistical 
information the distribution of measurable parameters is obtained. Manufacturing is divided 
in sub processes, in which we can obtain process control parameters and noise factors. 
Process control parameters give us tools to improve the quality of the manufacturing sub 
processes. We can still obtain also some factors, which are noise factors to manufacturing 
and welding processes. When noise factors affects on the quality, the result will be random 
in the actual process, which means it is not possible to control properly manufacturing 
results. Of course the effect of noise factors should be minimised. In EB-welding the 
control parameters are the speed of welding, beam current, acceleration voltage, beam 
deflection, beam focusing and level of vacuum. In manufacturing copper components the 
control parameters can be for instance forming temperature, reduction of each forming 
process, content of individual elements in the material  
 

  
Figure 1. Parametric study in manufacturing gives upper (USL) and lower specification limits (LSL). To 
follow these limits in production gives information about the capability of manufacturing and welding 
methods. 
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To understand process and occurrence of defects in manufacturing relation to noise factors 
and process control factors is important. The amount of defects increases in the 
manufactured component when the process control parameters are outside of specification 
width /1/. The specification width of different control parameters should be determined by 
experimental means, Figure 1. In our case it means that we can determine it in two ways: 
by metallographic studies on test samples related to different control parameter values or 
inspecting the quality of the product with help of NDT. In both ways there are advantages 
and disadvantages. In metallographic studies during handling of specimen some defects or 
parts of defect might be machined away, which causes errors in the results and in NDT the 
detectability limit of different defect types is the limiting factor in evaluation of control 
parameters. On the other hand metallographic studies are rather time consuming and very 
expensive compared to NDT. Some kind of compromise of using both methods is probably 
the best way. Additionally by using NDT the inspectors learn more quickly and easy to 
understand the nature of defect origins, which is important for gathering inspection 
experience for inspectors in this stage.   
 This means that to avoid areas of control parameters which cause defects is one of 
main task for all manufacturing processes: To avoid possible defects in an optimised 
manner in order to produce as good quality as possible. Controlled parametric use of 
process control factors will provide the best possible results. In some cases it is not possible 
to avoid in production noise factors. Such a noise factor in our case is for instance the 
"dirtiness" of copper components before EB-welding. 

 

 
Figure 2. Dynamic parametric study of process control factors in EB-welding; radiographic (left) and phased 
array ultrasonic testing of the same weld (right). 
 
By changing welding parameters defects can be generated in the weld. In case of bad 
parameters there occur defects which can lead to rejection of the component or repair 
welding. In the optimum case the parameter area of the defects can be avoided. This can be 
clearly seen in both NDT-images from RT and UT, Figure 2. To optimise manufacturing 
parameters we can use NDT as a tool. At the same time the inspectors can "learn by doing" 
during the analysis of real defects. The experience from indications in direct connection to 
manufacturing parameters gives inspectors confidence from the single NDT method as well 
on own capability to detect and analyse defects. This type of analysis of weld parameters is 
under work. One has to keep in mind always that defect orientation, tightness or other 
reason can cause a small signal to noise ratio less than 6 dB, which can lead to non 
detection of a defect. Because of these reasons the quality of the manufacturing technique 
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can also be misinterpreted. One has to take into account the inspection extent which is often 
directly related to the step size of the measurement grid.  
 Some times the unidentified presence of noise factor can lead similar formation of 
defect populations as "bad" control parameters. Defects can still be generated even if we 
change welding parameters. The unidentified presence of noise factor can lead us to change 
optimum parameters to "bad" parameters. The optimum control parameters have to be 
"found" by right Design of Experiments. 
  The main components for nuclear fuel disposal canisters are copper tubes, copper 
lids and welds as well nodular cast iron inserts. The copper components are made of 
oxygen free copper. The defect types which can be generated in these components are 
shown in the following table. These defect types in copper components are reported in /2, 3, 
4, 5/ 
 
Table 1. Defect types in welding and manufacturing of copper components. 

 
 

 
Figure 3. Manufacturing of nodular cast iron insert and its properties. 
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Not only the defect but also the material properties of manufactured components can cause 
difficulties in inspection. In copper the grain size and its distribution are parameters which 
have to be taken into account /6/. The form of surface finishing of the product is important 
especially for ultrasonic testing.    
 
3. Mechanised inspection 

 
Mechanised inspection consists of inspection equipment, mechanical equipment, data 
handling system, physical environment, and component to be inspected. If we focus on 
factors affecting the mechanised inspection shown in Figure 4 NDT reliability can be 
increased. These aspects are more or less technical variables. But in all stages of 
mechanised inspection also the human factor is present.  

 
Figure 4. Technical factors affecting on the mechanized inspection. 

For inspection systems the equipment condition is important. These items are controlled by 
annual equipment checking as well by setting up the equipment before inspection. The used 
technique is one of the key points in mechanised inspection. Important is always that 
relevant defects types will be detected by the used technique. The inspection procedure has 
to assure that the selected technique will be used in a proper way.  
 Mechanical equipment means in this case manipulator system, probe holders and 
how the coupling has been realised. It is possible to install equipment on wrong position, 
wrong distance from weld etc. The coordinate system has to work properly so that encoders 
give as exact position as possible.  
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Figure 5. Mechanised inspections: encapsulation laboratory, Posiva scanner, designed inspection room in 
encapsulation plant. 
 
The distance of the direct contact probes from the surface is important and closely related 
also to the used frequency in ultrasonic testing. In eddy current testing the distance from the 
inspection surface is important for the detectability of the defects (lift off), even though it 
can be compensated but in all cases when the distance increases the detectability decreases. 
There has to be a compromise so that the eddy current coils can be moved smoothly over 
the inspection surface area. 
 For inspection of nuclear disposal components the accessibility is not limited. In the 
actual encapsulation plant the remote inspection is needed because of the radiation of the 
nuclear fuel. The temperature of copper canisters increases after welding. But the very 
slowly changing temperature is only an important factor for ultrasonic and visual testing 
not for eddy current and radiographic testing.  
  
 
4. NDT methods used for inspection 

 
The following methods are being studied for inspection: remote visual testing, 
multielement mechanised eddy current testing, radiographic testing with a 9 MeV linear 
accelerator and phased array ultrasonic testing. All methods will be used separately and the 
analysed inspection results will be combined. 
 
4.1Visual testing 

 
Remote visual testing will be carried out with a color camera having the possibility to pan 
and tilt the camera. In inspection the calibration of the image quality will be tested at first 
with a standard set of lines (reference chart according to EIA 1956). After checking the 
image quality the reference defects will be measured and data stored. This type of testing is 
under development. Some preliminary tests have been carried out with Ahlberg's color 
camera, shown in Figure 6 /7/. Detected defect on the surface of the weld is shown in 
Figure 6. 

 

7



 
Figure 6. Remote visual inspection of copper EB-weld using color camera.  
 
4.2 Eddy current testing/8/ 

 
The 32 channel eddy current device is based on two inspECT® eddy current boards. Each 
board can multiplex up to 16 frequency channels. With the external multiplexer box one 
board can drive 16 probes. Frequency and probe multiplexing can be mixed to get multi 
frequency data of a sensor array with just one scan. The device has a two axis coordinate 
interface for scanning with manipulators. Data connection to the PC over Ethernet has no 
need of a real-time operating system as the data is buffered in the device and synchronized 
with the coordinates. The software package inspECT® is a combination of a multi channel 
data acquisition system and powerful C-Scan analysing software which makes it easy to 
analyse the recorded data and produce indication reports. The equipment is shown in Figure 
3. The inspection is monitored by the laptop shown in Figure 4 and measurement will be 
carried out by 2 different probe types - a high frequency probe using a frequency of 30 kHz 
and low frequency probe using a frequency of 200 Hz. Both probes are shown in Figure 7 
The depth of penetration depends on the eddy current coil frequency; - For high frequency   
the depth of penetration is 0.5 mm and for low frequency coil about 5 mm. 

 

 
Figure 7. The Eddy current probes and equipment for the measurement of copper components and welds. 
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Figure 8. Posiva's eddy current inspection principle in evaluation of measured data.  
 
All copper components will be measured with eddy current testing using both low and high 
frequency coils. The evaluation of the data will be carried out according to the scheme as 
shown in Figure 8. The both techniques will be needed for evaluation of the detected 
defects. 

 
4.3 Radiographic testing /2/ 

 
Radiographic testing will be used mainly for weld testing. In the radiographic inspection system the 
canister rotates, while the accelerator generates X-rays penetrating through the copper EB-weld 
with an angle of 10°, Figure 9. The main components of the system are: 

 
• Varian’s 9 MeV linear accelerator 
• Manipulator for positioning of accelerator and detector. 
• Detector system consisting of a collimated vertical line-camera. 
• Computer system for setting up the inspection and evaluation of results. 
 
 
  
The weld with a specific angle of incidence is shown in Figure 9 on the left. The line 
camera (detector) collects the transmitted X-rays and an X-ray image with 0.4 mm 
resolution is generated, Figure 9. A collimator is placed at the front of the accelerator to 
focus the beam and the detector is placed into a housing of tungsten to reduce the scatter. 
The X-rays pass through the 70 mm housing through a 0.4 mm wide vertical slit. As the 
penetrated thickness varies in X-ray inspection of the weld, a thickness correction is made 
to calibrate the system, Figure 9. The correction is made by a mean value calibration from 
500 samples around the weld circumference. 
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Figure 9. Radiographic inspection of the copper EB-weld with linear accelarator on the left and ultrasonic 
inspection of copper lid on the right. 
 
4.4 Ultrasonic testing 

 
Ultrasonic testing will be carried out on the nodular cast iron insert. The inspection 
description was reported in Budapest 2007/9/.  Copper tube ultrasonic inspection will be 
carried out like typical tube testing using 0° and ±45° in 4 directions. The same principle 
will be applied to the lid inspection for all outer surfaces currently, Figure 9. The upper 
surface of the lid inspection is shown in Figure 9. For weld inspection phased array ±20, 0° 
will be used and in plan is a matrix PA for indication evalation. The inspection principle is 
presented in Figures 10 and 11. 
 

 
Figure 10. Ultrasonic inspection data visualization for copper EB-weld inspection. 
 

 
Figure 11.  Ultrasonic inspection principle of copper EB-weld inspection with phased array system. 
 
4.5 Combination of analysed data of different NDT methods 

 

All results for each individual NDT- method will be evaluated separately and afterwards 
positioned in 3D real location. There will be acceptance criteria for single NDT-methods 
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and for combined results of several NDT-methods. The individual indication results - like 
defect locations are compared and the final size of the defect will be determined according 
the combined results of all NDT-methods. The evaluation scheme is shown in Figure 12 as 
well as a preliminary visualisation of defects in 3D- form. 
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Figure 12. Combining of evaluation results and visualisation in 3D-form. 
 
5. Defect detectability 

 

Defect detection is most important in all NDT methods. In individual NDT methods the 
way of detection varies. In radiography the through copper weld penetrated intensity local 
variations will be measured. The noise level can be determined according to EN-14784. 
With the help of this normalised SNR the detection limit can be estimated in the digital 
radiography of copper EB-welds.  
 

 
Figure 13. Radiographic measurement of reference defects. 
 
The evaluation of X-ray images gives often locally a higher visual detectability than what 
the standard offers: for instance you can detect more wires than you see from signal to 
noise values of those wires. This can be seen for instance from the wolfram double wires in 
Figure 13. The smallest defect in this image is 1x1x1 mm. In beam direction the depth of 
defect is 1 mm. The Grey level value gives 237 for 1 mm. The grey value of the noise is 
about 100.   
 The defects in real components can be different to reference defects. The 
detectability depends on the defect width and length as well depth in beam direction as the 
main factors. Volumetric defect types can be detected quite easily until gray level 200. In 
Figure 14 is a small defect in blue color shown and they are clearly seen even along the line 
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with considerable grey value changes. These small defects are visualised in black box area. 
The thin line indication, where the grey value is a little bit over 200 - is hardly detectable. 
This thin line is shown in the green box, Figure 14. In images single pixel clusters can be 
found, which are in square form or long lines which have very high intensity. Both these 
type indications are electrical disturbance or faulty pixel but they can cause false calls. The 
detectability can be improved with different kind of filtering and clearing of distortions 
from geometrical and adjusting effects. 
 

 
Figure 14. Detected defects in EB-weld in area were control parameters are outside of specification width. 
 
Ultrasonic testing reveals reflections, scattering or diffraction effects of acoustic waves 
when they passes trough copper weld or base material. The acoustic amplitude varies and 
the suitable reference level setting is the best way to evaluate usable detection limits. 
Especially in copper welds and even in copper base material the grain sizes can vary in 
large range. So the reference defect in our case for ultrasonic inspection of copper is  a 
3mm flat bottom hole (FBH). Also the attenuation has to be taken into account in 
evaluation of defect detectability.  Grain size variation produces also grain noise and it is 
also called material noise. The reference defect size should be clearly above the material 
noise. We can see in Figure 15, how the pulse-echo ultrasonic inspection of EB-weld gives 
a large variation in amplitude values. This variation is visualised in C-and B-scans in 
colors. Green color shows low amplitude and red color high amplitude.  Between green and 
red colors there is clearly seen indication, which shows similar behaviour than a real defect. 
In yellow circle is chosen one indication from C-and B-scans and it show clearly different 
level to noise level in A-scan. But level is about -33dB less than amplitude received from 
3mm FBH. This corresponds smaller than 1 mm size FBH. When C-and B-scans will be 
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interpreted we see probably only indications which are material noise. The right level can 
be best determined by comparing the received amplitudes of detected indications to verified 
metallographic defect sizes. In front of welds detectable amplitude is comparable amplitude 
which can be received from 1mm FBH. In the middle of the weld and behind the weld the 
defect detectability decreases because of the attenuation in the weld. The attenuation rate is 
about 1 dB/ mm, which means about 10 dB less signal behind the weld and containing 
considerable more scattering coming from large grain structure in the weld.   
 

 
Figure 15. Ultrasonic inspection visualisation (from the upper left to right bottom: C-, B-, A-scan) from EB-
welds with areas where were the control parameters are outside and inside of the specification width. 
 
The defect detectability in eddy current testing will be affected from the surface condition - 
In terms of lift off noise from surface roughness. Sometimes there is foreign material on the 
copper surface which can be interpreted as a larger defect, because of the electrical 
properties of the foreign material. When defects are near to each other the detectability of 
other defect can be suppressed by the deeper defect. But this is conservative effect. This is 
especially the case using low frequency probes. The sensitivity area for defect detection by 
low frequency probes should be limited by technical means as much as possible. In spite of 
this the sensitivity area for defect detection is about 30 mm around a low frequency coil. 
This can possible mix received signal of several defects near each other and sums them in 
one indication. The interpretation of a low frequency signals are under study as well as 
different parameters affecting the detectability. The changes in electrical properties like 
conductivity or permeability of the copper can affect on the defect detectability. Those 
indications are more or less small effects compared to indications caused by weld and 
manufacturing defects.  
 
The detectability in visual testing is based on trials with copper components and welds 
shown in Figure 6. Oxidations are difficult to observe with black & white camera because 
they look just like a black spot. Small reference indications on surfaces and crack like 
openings on weld are better observed with black & white cameras because of the better 
image contrast.  Surface openings are shown as a black area on the surface, which sticks out 
and causes inspectors to take notice on that. Crack like openings of welds are possible to 
observe but the inspector has to be very concentrated. Machining of the weld surface will 
close the opening of weld defects (defects in U-form). Reflection areas on the surface can 
also bring benefit while opening on surface becomes more visible on the reflective area of 
the image. Marks, dents, scratches and other surface defects caused by manufacturing or 
handling are better observed with color camera due to 3rd dimension (color) availability. 
Further it is easier to define the observations with pan & tilt camera is easier. The trial with 
a bright and oxidized copper reference piece showed no significant degree of disability for 

13



the visual examination performance. While performing the inspections with black & white 
and color camera, there was a problem with the reporting limit because everything was 
visible from the surface. 
 
6. Sizing capability 

 

For the acceptance of the components the determination whether they have defects or not is 
the first step and sizing the defects is the next step. Sizing procedures must be available for 
the individual NDT method. This prepares the NDT-method for industrial inspection.  
 

 
Figure 16. Sizing of defects of copper components and welds in eddy current testing. Sizing curve for U-form 
defects on the surface on the left, Reference specimen for copper tube inspection in the middle and indications 
from notches from 1 to 20 mm in depths from the outer surface on the right. 
 
Eddy current testing uses both high and low frequency technique for the evaluation of the 
size of the indication. It is possible also to evaluate the ligament of the indication in a depth 
of 5 mm. For the surface breaking defect for instance to size U-form of defects the sizing 
capability saturates in a depth of 10 mm, Figure 16 /8/. The depth of the indication gives 
the axial coordinate for weld defects and the surface size of high frequency indication gives 
the radial and circumferential size of the defects for EB-welds. The inaccuracy of this 
sizing method will be studied during the years 2010 - 2011.  Similar sizing will be used for 
other type of components. 

 
Figure 17. Defect sizing in radiographic inspection in axial, circumferential and radial direction. 
 
 
In radiographic testing the size of the defects for EB-welds will be evaluated from the 
image. We can measure the axial and circumferential sizes of the indication, Figure 17 on 
the left. After detection of indications it will be assured whether or not they originate in 
radiographic image from surface scratches of upper outer surface of the tube, or weld 
surface or lift surface of the lid. The sizing in radial direction is based on the grey value 
correspondence to defect size in X-ray beam direction, Figure 17 on the right. This will be 
used as a measure for defect depth in radial direction. At the moment the location of the 
defect in radial direction will be assumed to be in the middle of the EB- weld. 

14



 
For UT the defect sizing is shown in Figure 18. All three directions will be measured - The 
axial and circumferential size will be received from the C-scan data and the radial size of 
the defect will be estimated from the B-scan. The amplitude value and dynamic behavior of 
the defect will be one part in sizing using A-scan. The angle inspection (±20°) must be  
considered in sizing simultaneously with result of 0° angle to give final result of ultrasonic 
testing.  

 

 
Figure 18. Defect sizing in ultrasonic testing using phased array system with 0° angle. 
 
The evaluation of sizes in the visual testing will be similar as in Figure 17 except the depth 
sizing will be neglected from the evaluation. All these sizing methods will be qualified 
according to ENIQ. 

7. Evaluation of NDT reliability 

  

7.1 POD 

Earlier studies of POD curves for the inspection of copper was reported in /4, 5, 10, 11/ The 
POD curve with lower 95% confidence band is a typical way to present the capability of the 
NDT system to detect a flaw /12/. Those type of curves were applied for simple cases 
where it is assumed that the POD of the defect depends only on defect size and no 
geometrical influence of the component is taken into account. In applications for a thick 
copper part of the canister, the POD of the defect is influenced by many parameters, and 
depending on the position within the inspection volume, the POD of the same defect will be 
different - shown in Figure 19. The POD of combined methods was presented by Pavlovic 
in /13, 14/. The preliminary result for the POD of radiographic testing was evaluated 
according to the reference specimen reported in /8/. The results are calculated from the 
image made by a 9 MeV linear accelerator. The other PODs of different NDT methods are 
under study. They will be ready in 2009. The comparison to results from real defects will 
be ready in 2010. The study of C-scan POD was presented by Takashashi /15/. This type of 
POD analysis can possibly be valuable for the evaluation of mechanised ultrasonic 
inspection when it will be developed to take into account all relevant information used by 
ultrasonic analysers like A-, B- and C-scans.   
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Figure 19. Principle of volumetric POD. 

 
Figure 20. The preliminary POD for Posiva's EB-welding using radiographic testing computed by Steffen 
Milsch (BAM). 
 
7.2 Evaluation of inspection procedure - Human factor effect 

 
Mechanised inspection is complicated process. All inspection procedures will be separated 
in different parts as in technique called THERP (Technique for Human Error Rate 
prediction). Mechanised inspection is complicated process. For the purposes of 
understanding the human factors, all four inspection methods have been analysed, i.e. 
broken in specific tasks and subtasks, using a technique called Hierarchical Task Analysis 
(HTA). Data evaluation process was considered as the most affected by human factors and 
studied more carefully in the scope of the ongoing BAM-Posiva project. A group of 
experts, using a customized Failure Mode and Effects Analysis (FMEA) /16/, identified the 
critical errors, their causes and consequences and existing and possible preventive 
measures. Additionally, risk priority was calculated for each critical task. This was done for 
all four techniques for the weld inspection, and for the UT phased array mechanized 
inspection of copper components and insert in co-operation with SKB. These studies should 
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be finished by 2011.Human factors customized FMEA, in which FMEA means Failure 
Mode and Effects Analysis. All inspection methods used for EB-welding will be analyzed 
similarly in co-operation with BAM and for evaluation the mechanised inspection of copper 
components and insert in co-operation with SKB and BAM. These studies will be finished 
in 2011. This methodology has been reported by Fahlbruch /16/. 
  
7.3 Verification of inspections 
 
Detected indications can be so called "falls calls" which means that they are not real 
defects, but they are indications which can be seen by inspection technique. Such a falls 
call can be geometrical indications, electrical disturbance in data-aqcuisition electronics, 
foreign material on the surfaces etc. To distinguish the falls calls and real defects is 
normally easy when the equipment is properly calibrated and the sensitivity setting is 
carried out to known reference defect. There can be still indications which exceed the 
reporting level. In the table 2 are some reasons mentioned for falls calls in ultrasonic 
testing. 
 
One important factor is to choose the right inspection technique. Confusions emerge e.g. 
when the inspection is carried out with a chosen technique and certain reference defects, 
but in the component occur other type of defects than postulated or specified. In this case 
the results can show good defect detectability in the calibration block but actually poor 
detectability in the real component. 
 
So the inspection technique will be verified with metallographic studies, in which 
indications are compared to metallographic images from the same sample. One can also 
verify non defect areas by choosing samples from these areas too.     
 
 
Table 2. False call possibilities in ultrasonic testing.  

 
In Posiva's weld trial experiments there have been chosen 50 indication positions for the 
metallographic study. Among those indications positions are also 2 non-indication positions 
and the indications have been divided in different categories according to the preliminary 
sizing results. These studies will be ready in 2010.  
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Figure 21. Metallographic studies of detected indications in XK030 EB-weld. 
 
8. Inspection qualification 
 
The qualification according to ENIQ recommendations is divided in following subareas:  
Input data, inspection procedure, technical justification based on the study of the inspection 
procedure and open and/or blind trials. The qualification body should follow the 
qualification already from the beginning. The qualification body should comment and 
check that the qualification test specimens for open and blind trials are valid for the 
qualification purposes. In the technical justification one important part is to study 
parameters, which are assumed to have an effect on the inspection performance. These 
parameters can be divided in two groups: essential and influential parameters, Figure 22 
/17/. 
 
There are many parameters which can potentially influence the outcome of an inspection. 
These parameters are the influential parameters. The list of influential parameters to be 
considered will depend upon the specific inspection to be qualified. Influential parameters 
qualification according to ENIQ recommendations for selected inspection technique, are 
configured for the verification of the applicability of methods in use. The influential 
parameters are an important part of the technical justification. To identify the essential 
parameters for qualification is the main task for technical justification in order to control 
that they are included in inspection procedure. 

 

 
Figure 22. Parameters affecting to Inspection according to ENIQ. 
 
The influential parameters for the NDT inspection system, as for example ultrasonic 
equipment, manipulators, equipment for data evaluation etc., has to be determined in such 
an form that it is possible to make a qualified detection of all defects relevant for a 
quantitative POD after having changed the testing equipment or having changed parameters 
in an allowable range. The changed equipment or variation of parameters has to fulfil the 
same essential parameters and conditions as the equipment used for qualification. 
 
To improve NDT reliability is to find parameters which are essential and study their effect 
for instance on the POD and to find correspondence between parametric change in an 
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allowable range. According to authors opinion it is important to keep in mind two basic 
things: find a correlation to the POD of the used technique and reveal weak points in 
inspection.  
 
The component parameters are as follows: Geometry of the component, material of the 
component (oxygen free copper, nodular cast iron insert), surface condition (machined with 
given surface roughness in specification, weld type (Friction steer welding and electron 
beam welding), weld crown configuration (weld is grinded), wall thickness (wall thickness 
are given in the drawings), diameter of the component (diameter and geometry of the 
component varies differently in SKB and in Posiva depending on the nuclear fuel disposal 
component). These parameters are specified in material specifications  
 
In qualifications the component type specific and postulated defect types originating from 
manufacturing and handling before inspection should be taken into account and it needs be 
shown that they are detectable in the range given in the input data. In the qualification the 
inspector learns from the technical justification the reasons for choosing used technique for 
the inspection procedure. The knowledge that all essential defects are found in range of 
input data accompanied inspector experience and knowledge from manufacturing defects 
will improve the NDT reliability. 
 
9. Summary and conlusions 

 
In this study the NDT reliability in mechanised and remote inspection of nuclear fuel 
disposal canister components has been discussed. Mechanised inspection is a complicated 
system. Several NDT methods will be used for inspection task. Combination of several 
advanced methods gives more reliable result. Each single NDT-method has its own 
characteristics and inspection reliability. Defect detection and sizing must be adjusted 
separately to increase inspection accuracy of the measurements.   
 
To understand the origin of the manufacturing and handling defects is important for 
inspectors. To study and optimise manufacturing will train the inspector for the detection of 
the right type of defects. By optimising NDT methods also new type of defects can be 
found. NDT helps also optimising manufacturing parameters and through this way improve 
the quality and at the same time improve NDT reliability. 
 
Defect detection is most important for all methods. The basic understanding for the reasons 
of the noise level in each NDT method combined to applicable reference defect is the base 
for good detectability. The sensitivity level for inspection in combination with digitizing 
rate is important for detectability. As important is to the use right technique for detection. 
The main issue in NDT inspection is the defect response to the chosen technique. To 
choose inspection technique is determined by the fact which defect types must be found. 
 
Sizing and error in sizing have to be known before right acceptance. In doing so the 
conservative principle should be followed. The sizing capability for methods shown in this 
study will be reported later. Combination of several methods gives a better base for sizing 
of single defects. 
 
The evaluation of NDT reliability can be carried out in several ways. Computing POD 
curves can reveal weak points in inspection, if it is possible to evaluate different inspection 
areas (Volume POD). POD curves can show the improvement of detectability using several 
NDT-methods. There is still a gap between POD and real detectability especially in 
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ultrasonic testing. The evaluation in ultrasonic testing will be carried out using several 
images - A-, B- and C-scans. The final evaluation is a combination of all scans. In 
Takahashi /15/ report was shown an increased detectability using C-scans. On the other 
hand ultrasonic inspector uses all possible data available to form decision. This should also 
be taken into account in computing the POD curves.   
 
The human effect on the inspection results is present in all stages of mechanised inspection. 
The human effect on the reliability of inspection will be studied and will be reported later. 
The method which will be used is: "customized FMEA". The areas where the human 
decision has large impact on the inspection results will be tested. Main task is to decrease 
the human factor effect by improving procedures in such a way that inspection reliability 
increases.  
 
The third way to improve reliability is to verify NDT results making metallographic 
investigations. By this verification the detectability and sizing results can be assured. In our 
case 12 real size welds are under study and from these inspections will be 50 indication and 
non-indication positions compared to the metallographic verification. This comparison will 
be reported in 2009. 
 
All this work is heading to inspection qualification according to ENIQ recommendations. 
In inspection qualifications of these components also Finnish qualification practice and 
YVL STUK guide lines are taken into account. Preliminary inspection procedures have 
been produced. In the year 2009 Posiva will start to produce technical justifications for all 
methods. 
 
The NDT reliability can be increased when the whole process of mechanised inspections 
will be evaluated critically in order to find weak points in inspection. The deficiencies will 
be improved by a continuous feedback process. 
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