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SUMMARY
The Applus RTD IWEX (inverse wave field extrapolation) automated ultrasonic testing (AUT)
method has been subjected to qualification trials for Gasunie in order to establish the
general performance of the method when applied to carbon steel pipeline girth weld
inspection application. IWEX is an ultrasonic imaging technique which uses PA (+ TOFD)
transducers in a non conventional way for the pipeline girth weld inspection. The method
qualification has been executed for three diameter / wall thickness combinations: 48"/22.7
mm, 28"/9.5 mm, 8"/5.0 mm.
Seven girth welds with weld defects have been measured for each diameter/wall thickness
range.
The measurement part of the qualification has been performed on 24-26th October 2016 at
Gasunie, Deventer, and was witnessed by DEKRA acting as 3rd party for Gasunie and
Vinҫotte acting as 3rd party for Fluxys.
Technical justification, procedures and other technical documents from a previous
qualification by DNVGL ref. [10] have been used for this qualification as well.
Probability of Detection and Probability of Undersizing (height and length) for the three
diameter/wall thickness combinations satisfy the demands mentioned in the qualification
procedures from Gasunie. Furthermore, length and height sizing is very accurate for most of
the LOF defects.
Also, sufficient points are awarded regarding the detection of special defects for all three
diameter/wall thickness combinations. The production data of pipe 6, 28", mentions 5 special
defects, mainly pores which AUT IWEX didn't reproduce. Further investigation would be
recommended to identify the root-cause of this effect.
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1

INTRODUCTION

The Applus RTD IWEX (inverse wave field extrapolation) automated ultrasonic testing (AUT)
method has been subjected to qualification trials for Gasunie in order to establish the
general performance of the method when applied to carbon steel pipeline girth weld
inspection application. IWEX is an ultrasonic imaging technique which uses PA transducers
in a non conventional way for the pipeline girth weld inspection. The method qualification has
been executed for three diameter / wall thickness combinations: 48"/22.7 mm, 28"/9.5 mm,
8"/5.0 mm.
The measurement part of the qualification has been performed on 24-26th October 2016 at
Gasunie, Deventer, and was witnessed by DEKRA acting as 3rd party for Gasunie and
Vinçotte acting as 3rd party for Fluxys.
The technical justification, procedures and other technical documents from a previous
qualification by DNVGL ref. [10] have been used for this qualification as well.
The qualification has been performed to demonstrate that the IWEX system complies with
the requirements of the Gasunie qualification procedures for girth welds of pipelines of 8-30
mm (ref. [4]) and 4.5-8 mm (ref. [5]) wall thickness. It has been determined that the IWEX
system is capable of: identifying imperfection dimensions, sizes, shapes and positions at
consistent accuracies, independent of weld bevel geometry, welding method, wall thickness
and band settings.

2

ABBREVIATIONS

The following abbreviations are used in this document:
IWEX:

Inverse wave field extrapolation

AUT:
TOFD:

Automated ultrasonic testing
Time of Flight Diffraction technique

PA(UT):
SAFT:

Phased array (ultrasonic testing)
Synthetic aperture focusing technique

TFM:
POD:

Total focusing method
Probability of detection

LOF:
NDT:

Lack of fusion
Non destructive testing
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4

IWEX SOFTWARE IDENTIFICATION

This qualification is valid for the IWEX systems with software version SW V2.0, build , FW:
V3.10. Newer software versions can only be used if Applus can make it plausible to Gasunie
that the changes in the new software version have no negative influence on the relevant
parameters of the performance of the system.

5

QUALIFICATION PROCEDURES GASUNIE

Two Gasunie qualifications procedures are used for the three pipe diameter/wall thickness
combinations: ref. [4] for the measurements on the 28" and 48" diameter pipes and the
qualification procedure of ref. [5] for the 8" diameter pipes. The qualification procedures
contain the method description regarding the POD calculation and determination of the under
sizing (height and length).
The POD and undersizing percentages are only calculated for the LOF defects.
The "special" defects are handled in a different way: different weighting factors are awarded
for different type of defects.
A certain percentage of special defects, expressed in number of points, need to be detected
for the qualification: see ref. [4] for the 28" and 48" pipes and ref. [5] for the 8" pipes.
Ref. [6] is used as guidance for the statistical calculations.
Ref. [14], annex B contains the requirements regarding the POD and under sizing of length
and height.

6

SCOPE FOR THIS QUALIFICATION

The imperfection population for the 48", 28" and 8" qualification pipes/welds, fabricated by
TNO, are given in TNO reports ref. [1], [2] and [3]. The pipes mentioned in table 1, 2 and 3
are used in this qualification. Concern is the limited number of LOF defects for the 8"
diameter which increases the uncertainty in the statistical data.
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48" diameter with 22.7 mm wall thickness, for more information see ref. [1]
Nr.

Gasunie pipe

V/J-bevel Total number of weld (LOF) defects: 162 (89)

number

*

1

09

V

15

2

10

V

19

3

11

V

20

4

12

V

18

5

13

V

17

6

14

V

44

7

22

J

29

Table 1 Data 48" diameter pipes
28" diameter with 9.5 mm wall thickness, for more information see ref. [2]
nr

Gasunie
pipe number

Type of
defect

Total number of weld (LOF) defects: 97 (71)

1

28-1

LOF

14

2

28-2

LOF

14

3

28-3

LOF

16

4

28-4

LOF

15

5

28-5

LOF

12

6

28-6

Specials

12

7

28-7

Specials

14

Table 2 data 28" diameter pipes
8" diameter with 5 mm wall thickness, for more information see ref. [3]
(DEKRA) pipe
number

Type of
defects

Total number of weld (LOF) defects: 44 (18)

1

1*

Specials

6

2

2*

Specials

7

3

3*

Specials

6

4

4*

LOF

6

5

5*

LOF

5

6

6*

LOF

7

8-9

8-9

Specials

7

* Pipes for the operator qualification at DEKRA
Table 3 Data 8 " diameter pipes
Applus has delivered a report regarding the IWEX result for each of the inspected welds.
The tables of the reported defects per report are given in appendix B, C and D.
9
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7

HISTORY AND SHORT DESCRIPTION OF THE IWEX PRINCIPLE
AND SYSTEM

Thirty years ago only ultrasonic single angle pulse echo methods were known for detection
and sizing of imperfections. Especially the sizing capabilities were rather unreliable back
then.
TOFD technique was introduced as a more reliable ultrasonic sizing method which is less
dependent on the orientation of the defect. The results of the TOFD technique scan, the
length and height of the defect, was used as input or the fracture mechanical "fitness for
purpose" calculation. Later TOFD technique also proved to be suitable for the inspection of
newly built welds.
The development of fast computers made TOFD technique possible but also AUT was made
possible: the storage and imaging of ultrasonic scan data. However, for the evaluation of the
data experienced operators are necessary. Also 30 years ago, developments started to
obtain a focused image in the material by using computer calculations with ultrasonic data
and geometrical data as input. These so called SAFT calculations were too slow to be used
during scanning and even by using parallel processors calculations took a long time.
Many of the software algorithms were only using the direct reflected sound but some of those
programs took advantage of the reflected sound of the boundaries of the test object (MultiSAFT).
In the mean time a new development originating from the medical field was introduced in the
world of ultrasound/NDT: phased array (PA) technique. The piezo electrical crystal in the PA
probe consists of many small elements and by choosing the right time delay between those
elements during transmitting and receiving, a focused and/or variable bundle can be
produced. Also an image of the side view of the test object was obtained during the
measurement.
However a focused image is only possible for a small area of the 2-D side view.
Now by combining the SAFT reconstruction idea and by using the phased array probe in
another manner (technique also used in seismic exploration) it is possible to create the IWEX
(inverse Wave field Extrapolation) image. With IWEX the ultrasonic data is processed in 2-D
or 3-D images in real time. IWEX is a patented trade name for the Applus RTD system, the
more common denominator for the process is TFM: total focusing method.
More information about the IWEX principle and some mathematical background is given in
ref. [12].
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The IWEX system consists of analog pulser/receivers, the D/A convertors are located in a
large rectangular box which is placed on the manipulator. The computations are also
executed in this box. Some photos of the IWEX system are given in appendix A.

8

BOUNDARY CONDITIONS MEASUREMENTS

The IWEX measurements on the 8", 28" and 48" qualification pipes have been executed on
the 24-26th of October 2016 at Gasunie (magazijn) Deventer. On request of Vincotte (as
NoBo) a larger area, up to 10 mm at both sides of the weld, is recorded/visualized thereby
reducing the scanning speed somewhat. The wall thickness is not divided in different
thickness zones as with the Rotoscan system. The 8" pipes were scanned in the reverse
direction due to limitations for placement of the manipulator. Special IWEX calibration blocks
were used by Applus. Pixel size is 0.15 mm for the 4 MHz probes (9.5 and 22.7 mm WT) and
0.07 mm for the 10 MHz probe (5 mm WT). The defect population is well known for the 8"
and 48" pipes as these have been used before for several other qualifications in the past.
The 28" pipes haven't been used for qualifications before so only the TNO production data is
available.
The 3x7 reports with the inspection results became available on 17th of December 2016.
The tables with the reported defects per weld are given in appendix B (8"), appendix C (28")
and appendix D (48").

9

BOUNDARY CONDITIONS FOR MATCHING OF THE APPLUS
DATA WITH THE TNO PRODUCTION REPORTS

In finding agreement between the TNO production data and the tables of the 21 reports the
following conditions are necessary:
1. Are the circumferential coordinates, begin/end of defect (within ± 40 mm) in
agreement?
2. Are the depth zones (and preferably the height) in agreement?
3. Preferably the type of defect should match although the precise cause of the defect
can be difficult to determine on ground of ultrasonic data alone.
A defect is detected only when at least condition 1 and 2 are fulfilled.
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10

RESULTS

10.1

Introduction

The qualification consists of 3 parts:
1. POD calculation for the LOF defects in the 8", 28" and 48" pipes.
2. Determination under sizing LOF defects regarding the length/height for the 3 diameter
pipes
3. Determination number of points obtained for the detection of special defects for the
three diameter ranges. The weighting factors for different type of defects are given in
the qualification procedures.
Paragraph 10.2, handles part 1 and 2 and paragraph 10.3 handles part 3 of the qualification
separately.

10.2

POD calculation and under sizing length and height

The Nordtest reports 394 and 427 were followed. Calculation of the POD was carried out
according to par. 11.2.3.2 using the function underneath page 14 of 18:
( ,

, )=1−

with:
P(x;x0, b) = probability of detection
X = defect size (either height or length)
X0 is a parameter with the dimension of a defect size
b is a parameter with the dimension of a steepness
The curve is likely as a small defect size gives a small POD while the POD goes
asymptotical to 1 (detection is fully sure) at large defect size. The coefficients X0 and b are,
see also appendix E, calculated using the Maximum Likelihood principle, with a numerical
method in Excel. The method cannot be used to calculate POD in height with defects of 0
height. Pragmatically, for these faults the height was set to 0.1 mm.
In addition to this, an overall POD (independent on size) was calculated for the average of all
measurements including an uncertainty interval using the Engineering Statistics Handbook
(http://www.itl.nist.gov/div898/handbook/toolaids/pff/E-Handbook.pdf), see appendix F. This
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method also gives a lower bound for the POD when all artificial defects would be found by
Applus (this is not the case except for subsets) and therefore the average sample POD = 1.
The POD curves for the height for the LOF defects are given in appendix G for all 3
diameter/wall thicknesses.
The resultant POD for defect height is given in the three figures, this is the blue line in the
figure. In green the (non-cumulative) measurement results are given grouped per 0.5 mm.
The red line is the 95% POD-curve which is shifted to the right in order to practically exclude
chance.
The numerical calculations show that it is not simple to model the step-wise behavior of the
POD in which such cases the Excel Solve routine used for optimizing X0 and b does not
converge. In such cases the optimum X0 and b was found by inserting a fixed value for b,
having Solver calculate the optimum X0 and taking the X0 and b with the smallest absolute
error.
As a criterion, CSW-05-E section B.1.1. is understood to be applicable, that is: h90/95 should
be maximum 3 mm. Reading in the POD figures the red (95%) curve at POD 90 % gives
h90/95. These are given in table 4.
Also a criterion in the qualification procedures is given for the probability for under sizing of
the height and length of more than 0.5 and 5 mm respectively, should be ≤ 50%. The
probability values are also given in table 4.
These are derived from the plots of the cumulative distribution of the difference in height
(length) given in appendix H. We see in table 4 that all probabilities are ≤ 50% although the
values for 28" are just within the limit. Further investigation would be recommended to
identify the root cause of this effect.
Pipe diameter
[ "]

h90/95 (mm)

Height under sizing
0.5 mm or more
Probability %

Length under sizing
5 mm or more
probability %

8"

1.0

25

30

28"

1.5

50

40

48"

1.0

23

10

Table 4 Statistical results for the 3 diameter/wall thickness groups
Additionally the height and length uncertainties are given in appendix I for the 3 diameter/wall
thickness combinations. These figures show that IWEX determines the length and height
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very accurate with small h and L values although there is a tendency for under sizing
defects for one diameter (28" data). Relative accuracy is less for the 8" pipes considering the
small wall thickness.

10.3

Ratings for the detection of special defects

The detection of special defects is not used for the statistical calculations of paragraph 10.2.
The qualification procedures mention weighting factors per defect type: if a defect is detected
then 1,2 or 4 points are awarded dependent on the type of defect. The qualification
procedures mentions the minimum total number of points needed. Maximum number of
points, and points awarded per pipe and per diameter/ wall thickness combination are given
in table 5.
Pipe
dia.

Max
Pipe
Number number
of
points

Number Defect
of
number
defects not
detected

Type of defect
Not detected

Total
number
of point
for
detection

8

56

1

6

--

--

15

2

7

2-1

Hi-lo

14 (out of
15)

3

6

--

--

13

8-9

7

--

--

13

6

12

6-3

Long crack extruding end cap

19

6-5
6-7
6-10
6-12

H/B crack
Porosity
Porosity
Porosity

(out of
28)

28

48

56

171

7

14

--

--

28

14

44

--

--

90

22

29

22-14

Overlap in cap

80
(out of
81)

Table 5 Number of points for the detection of special defects
For the 8" diameter range 55 points are awarded out of 56 points (minimum: 44 points)
For the 28" diameter range 47 points are awarded out of 56 points (minimum: 44 points)
And for the 48" diameter range 170 points are awarded out of 171 points.
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For the 48" range the maximum number of points is not mentioned in the qualification
procedure due to the fact that one pipe with special defects, number 22 (J-bevel) is added to
the group of pipes with V-bevel welds. For 48" a minimum score of 60 out of 72 points is
mentioned in the qualification procedure.
So the score is positive for the special defects for all three diameter/wall thickness
combinations.
However, something went wrong with the measurements or the interpretation of the results
for pipe 6 (28" range). The production data of pipe 6, mentions 5 special defects, mainly
pores which AUT IWEX didn't reproduce. Further investigation would be recommended to
identify the root-cause of this effect.

11

CONCLUSIONS

Probability of detection and probability of undersizing for the three diameter/wall thickness
combinations satisfy the demands mentioned in the Gasunie qualification procedures.
Also enough points are awarded regarding the detection of special defects for all three
diameter/wall thickness combinations.
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APPENDIX A

PHOTOS OPERATION IWEX SYSTEM AT GASUNIE
DEVENTER

IWEX manipulator on 48 " calibration pipe
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The 3 probe groups mounted in the scanning head: IWEX (PA) middle, TOFD and 2 probes
for detection of transverse defects.

Screen with different views during scanning

IWEX manipulator on 8" pipe
17
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APPENDIX B

LISTS OF REPORTABLE INDICATIONS 8" DIAMETER
PIPES

Weld 1

Weld 2
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Weld 3

Weld 4
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Weld 5

Weld 6
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Weld 8-9
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APPENDIX C

LISTS OF REPORTABLE INDICATIONS 28" DIAMETER
PIPES

Weld 28-1
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Weld 28-2
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Weld 28-3
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Weld 28-4
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Weld 28-5

Weld 28-6
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Weld 28-7 (deel 1)
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Weld 28-7 (deel 2)
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APPENDIX D

LISTS OF REPORTABLE INDICATIONS 48" DIAMETER
PIPES

Weld 09 part 1
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Weld 09- part 2
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Weld 10- part 1
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Weld 10- part 2
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Weld 10 – part 3

Weld 11 part 1
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Weld 11 part 2
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Weld 11 part 3

Weld 12 part 1
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Weld 12 part 2
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Weld 12 part 3

37

2808950.50-v2.1-MTI

Weld 13, part 1
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Weld 13 part 2
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Weld 14, part 1
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Weld 14, part 2
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Weld 14, part 3
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Weld 22, part 1
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Weld 22, part 2
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Weld 22, part 3
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APPENDIX E

STATISTICS: CALCULATION OF X0 AND B

The following text was taken from Nordtest report 394. The parameter α = X0, the parameter
β = b.

This was implemented in Excel using a starting value for α and β together with a small
deviation of 10 % in α and β to approximate the derivatives dpi /dα and dpi/dβ. Using Solver,
both Ʃ are optimized to end at a 0 value.
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APPENDIX F

CALCULATION OF THE POD USING THE ENGINEERING
HANDBOOK
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APPENDIX G

POD CURVES FOR THE DEFECT HEIGHT

POD, height, for 48", without the specials

POD, height, for 28", without the specials

POD, height, for 8", without the specials
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POD on height, all diameter/wall thicknesses, specials NOT included
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APPENDIX H

CUMULATIVE DISTRIBUTION HEIGHT, LENGTH

Cumulative distribution of the difference in height, 48", no specials
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Cumulative distribution of the difference in length, 48", no specials

Cumulative distribution of the difference in height, 28", no specials
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Cumulative distribution of the difference in length, 28", no specials

Cumulative distribution of the difference in height, 8", no specials
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Cumulative distribution of the difference in height, 8", no specials
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APPENDIX I

UNCERTAINTIES HEIGHT, LENGTH

Height uncertainty
3

Delta height (mm)

2
1
0
-1

,00

1,00

2,00

3,00

4,00

5,00

6,00

-2
-3

Height (mm)

Accuracy defect height 48", without specials

Accuracy defect length 48", without specials
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Accuracy defect height for 28", without specials

Accuracy defect length 28", without specials
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Accuracy defect height 8", without specials

Accuracy defect length 8", without specials
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