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1 Scope 

Assignment as Authorized Inspection Organization for the qualification of an automated ultrasonic test system 
“IWEX” according to Fluxys specification n° 4.90000/00126 rev. F 

2 Applicable documents 

 Technical specification n° 4.90000/00126 rev. F – Qualification and execution of automated ultrasonic 
examination 

 Gasunie specification n° TVS090027rev1-v2 – Kwalificatieprocedure AUT-systeem 

 DNV GL Report n° 2015-4316, Rev. 0 – General DNV GL Qualification of Applus RTD IWEX for Carbon Steel 
Pipeline Girth Weld Applications Extent of the assignment 

 DEKRA Solutions B.V. Report n° 2809008.50-v2.1-MTI – Applus IWEX system/method qualification for Gasunie 

 Applus RTD AUT validation program n° UT 16.470 Rev. 0 – General IWEX System & Procedure Validation 

 Applus RTD General procedure n° PIPL-06.11.0001 Rev. 2 – RTD IWEX Automated Ultrasonic Testing 

 Applus RTD Specific procedure n° UT 16 472 Rev. 1 – Applus+ RTD IWEX Automated Ultrasonic Testing 8” x 5 mm 

 Applus RTD Specific procedure n° UT 16 473 Rev. 1 – Applus+ RTD IWEX Automated Ultrasonic Testing 28” x 9,53 mm 

 Applus RTD Specific procedure n° UT 16 471 Rev. 1 – Applus+ RTD IWEX Automated Ultrasonic Testing 48” x 22,7 mm 

3 Description of the system 

The system consists of the IWEX imaging method with an additional inspection with Time of Flight Diffraction (ToFD) 
and conventional pulse echo probes for transverse crack inspection. 
 
The weld is inspected using 2D IWEX images of the weld cross-section at a sufficient number of positions around the 
circumference to cover the entire weld. The images are constructed based on ultrasonic measurements obtained 
from ultrasonic arrays. The measurement at each circumferential position consists of combinations of source – 
receiver elements of the array probes at both sides of the weld. 
 
ToFD and PE Mapping data shall be used to interpret for the presence of potential cracks, copper, or other 
indications that have no direct correlation with the IWEX images (ambiguous). 
 
The images constructed are transferred to a computer for data presentation, analysis and storage. 
 
The IWEX Array; ToFD and conventional probes used for inspection are positioned within one probe frame. Full weld 
scanning is performed in one single scan set-up. 

4 Scope of assignment 

 Review and approval of the validation program 

 Review and approval of the technical justification 

 Review and approval of the general and specific procedure 

 Witnessing of the qualification trials 

 Evaluation of the qualification results 

 Approval of the system according to Fluxys specification n° 4.90000/00126 rev. F 

5 Review of documentation 

5.1 Validation program 

The System was already qualified according to the DNV-OS-F101:2013 standard, following the recommended 
practice DNV-RP-F118:2010 for carbon steel welds (J and V bevel) within a wall thickness range up to at least 
45mm. 
 
In order to fully qualify to Fluxys specification n° 4.90000/00126 rev. F within a range of at least 5-30mm, the 
following was demonstrated: 
 

 Length sizing of the System within Fluxys specification n° 4.90000/00126 rev. F requirements, 

 Demonstration that the sizing results and Probability of Detection (PoD) as reported by DNV-GL n° 2015-
4316, Rev. 0 are also applicable for the wall thickness range from 5-15mm 



Report n°: EOPPIP/33/60622246/00EN/000 

 

 Page 3 of 6 

 
Demonstration of length, height sizing and PoD performance within the range of 5-15mm is performed with the 
following weld sample configurations: 
 
Serie: : 5 
Diameter : 8” 
Wall thickness : 5 mm 
Weld Bevel : 60   V 
Material : Carbon Steel 
 
Serie: : 4 
Diameter : 28” 
Wall thickness : 9,5mm 
Weld Bevel : 60   V 
Material : Carbon Steel 
 
Demonstration that length sizing and results are similar as documented in the DNV-GL report n° 2015-4316, Rev. 0 in 
the range of 15-30mm is performed with the following weld sample configurations: 
 
Serie: : 1 (J-bevel) and 3 (V-bevel)  Serie-1 test-weld will be scanned with the System set from the serie-

3 reference block. 
Diameter : 48” 
Wall thickness : 22,7mm 
Weld Bevel : 55   V + 3     
Material : Carbon Steel 
 
The number of indications in the first two sets are sufficient for reliable length, height sizing and PoD analysis. The 
number of indications in the third set is sufficient for a reliable reference of results between small and heavier wall 
thicknesses. 

5.2 Technical justification 

In order to test the general performance of the system applied on carbon steel girth welds, the IWEX AUT procedures 
have been subjected to qualification trials under the supervision of DNV GL. 
DNV GL has witnessed all trials and all scan interpretation, and has been invited to comment on all relevant 
documentation for IWEX and the qualification program. It has been further documented that IWEX 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. 
 
In order to fully qualify to Fluxys specification n° 4.90000/00126 rev. F we reviewed the report n° 2015-4316, Rev. 0 
in which the following conclusions were made. 
 

 The IWEX procedure has demonstrated consistent performance with regards to repeatability and when 
operating at elevated temperatures up to 80˚C, while the reference block is kept at ambient temperature. 
Repeatability refers to consistency in height estimates upon repeated scans. 

 Variations in band offset and probe separation distance have no significant impact on inspection performance. 

 Variations in wall thickness have been documented to have no significant impact on detection and sizing 
performance. 

 Individual imperfections, i.e. stacked defects, with a separation distance of 2 mm in any direction can be 
resolved. 

 It is demonstrated that imperfection shape and orientation within a margin of 5° are accurately determined by 
IWEX. 

 Surface ligament of sub-surface imperfections has been determined with accuracy of ±0.5 mm. 

 Root and cap reinforcement heights are demonstrated to be determined with an accuracy of about ±0.5 mm. 

 ID and OD surface misalignment are demonstrated to be determined with an accuracy of ±0.5 mm. 

 No significant difference in sizing and detection performance has been observed for inspection with 4 MHz 
and 7.5 MHz probes. 

 The signal-to-noise levels achieved with both 4 MHz and 7.5 MHz setups and thin/thick wall thicknesses are 
not limiting carbon steel inspection.  

 The AUT system is documented to reliably detect any imperfection, regardless of length, down to 0.66 mm in 
vertical height, defined by a 90% POD value at 95% confidence level. This assumes a recording level of 20%. 
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 Imperfections with vertical heights below 0.5 mm and lengths above 10 mm have consistently been observed 
to be clearly detected. 

 Vertical height sizing accuracy is observed within the range -0.77 mm to +1.1 mm, defined as the 5% 
probability of under- and over-sizing. Mean over-sizing is found to be 0.17 mm. 

 Imperfection through thickness depth estimate has been observed within the range -1.99 mm to +1.50 mm. 

5.3 General and specific procedure 

We reviewed the general procedure n° PIPL-06.11.0001 Rev. 2 without remarks. 
 
The specific procedures n° UT 16 471 Rev. 0, UT 16 472 Rev. 0 and UT 16 472 Rev. 0 were also reviewed. During 
the qualification runs in our presence it was remarked that the Fluxys specification n° 4.90000/00126 rev. F requires 
that the complete weld volume as well as the adjacent base material over a distance of 10 mm is inspected. 
Therefore the parameters of the system were adjusted to include this zone. This resulted in the issuance of a revision 
1 of the specific procedures. 
 
It was also noted that the cut back requirement of 300 mm for the downstream probes if it is necessary to place the 
guiding band directly on bare pipe. This is higher than the standard cut backs of 150 mm or 220 mm that are usually 
ordered by Fluxys. 
However, since in general the guiding band is to be placed on the coating this shouldn’t pose a problem. 

5.4 Witnessing of the qualification trials 

From 24/10/2016 till 26/10/2016 we witnessed the scanning of the qualification welds. 
 
Following calibration blocks were used: 
 

 Series 1 & 3: 2016-48-22.7-GU001-J3 

 Series 4: 2016-28-9.53-GU001-V30 

 Series 5: 2016-8-5-GU001-V30 
 
Following scans were made in our presence: 
 

 Series 1 – Diameter 48” – Thickness 22,7 mm – 3° J-bevel 
o 22 

 

 Series 3 – Diameter 48” – Thickness 22,7 mm – 55° V-bevel 
o V55-LMB-9356-W9 
o V55-LMB-9356-W10 
o V55-LMB-9356-W11 
o V55-LMB-9356-W12 
o V55-LMB-9356-W13 
o V55-LMB-9356-W14 (specials) 

 

 Series 4 – Diameter 28” – Thickness 9,5 mm – 60° V-bevel 
o V60-HAK0150-9,53-1 
o V60-HAK0150-9,53-2 
o V60-HAK0150-9,53-3 
o V60-HAK0150-9,53-4 
o V60-HAK0150-9,53-5 
o V60-HAK0150-9,53-6 
o V60-HAK0150-9,53-7 (specials) 

 

 Series 5 – Diameter 8” – Thickness 5,0 mm – 60° V-bevel 
o V60-HAK0110-5,1-1 
o V60-HAK0110-5,1-2 
o V60-HAK0110-5,1-3 
o V60-HAK0110-5,1-4 
o V60-HAK0110-5,1-5 
o V60-HAK0110-5,1-6 (specials)  
o V60-HAK0110-5,1-7 (specials)  
o V60-HAK0110-5,1-8 
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o V60-HAK0110-5,1-9 
 
We verified the inspection set up configuration as mentioned in the specific procedures for each series of qualification 
welds. The overlap of scanning was 100 mm, which is well over de minimum overlap requirement of 50 mm as is 
asked in Fluxys specification n° 4.90000/00126 rev. F. 
 
The software version used was version 2.0 build 56, with firmware version 3.10 

5.5 Evaluation of the qualification results 

The evaluation of the detected and reported flaws is based on the qualification procedure of Gasunie and was 
performed by DEKRA Solutions B.V. 
For the complete evaluation reference is made to report n° 2809008.50-v2.1-MTI. 
 
For acceptance of the detected flaws 3 parameters are taken into account: 

 Are the circumferential coordinates, begin/end of defect correct (±40 mm) 

 Are the depth zones and height correct 

 Is the type of defect that is reported correct, as far as technically possible with ultrasonic testing. 
 

Flaws of type “lack of fusion/cracks” are evaluated  by the probability of detection (POD) calculation and 
determination of the under sizing percentages as is described in the qualification procedure of Gasunie n° 
TVS090027rev1-v2. 
 
Following results were achieved as calculated by DEKRA: 
 

 Diameter 8” – Thickness 5,0 mm: 
o h90/95 = 1,0 mm 
o Height under sizing ≥ 0,5 mm = 25% 
o Length under sizing ≥ 5 mm = 30% 

 

 Diameter 28” – Thickness 9,5 mm: 
o h90/95 = 1,5 mm 
o Height under sizing ≥ 0,5 mm = 50% 
o Length under sizing ≥ 5 mm = 40% 

 

 Diameter 48” – Thickness 22,7 mm: 
o h90/95 = 1,0 mm 
o Height under sizing ≥ 0,5 mm = 23% 
o Length under sizing ≥ 5 mm = 10% 

 
As a criterion h90/95 shall be maximum 3,0 mm. This means that a flaw with a height of 3,0 mm shall be detected with 
a chance probability of 90% and that there is a 5% chance that the chance probability is less than 90%. 
Another criterion is the sizing accuracy. For both the height under sizing of more than 0,5 mm and for the length 
under sizing of more than 5,0 mm the probability shall be less than or equal to 50%. 
 
As can be seen in above results, all requirements are met. 
 
Other type of flaws that are oriented in parallel with the wall thickness, so called specials, are rewarded points 
depending of its type and severity (weighing factor). A minimum score needs to be achieved to prove that the system 
can essentially detect these kind of flaws. 
 
Following results were reported by DEKRA: 
 

 Diameter 8” – Thickness 5,0 mm – 55 points out of 56 points 

 Diameter 28” – Thickness 9,5 mm – 47 points out of 56 points 

 Diameter 48” – Thickness 22,7 mm – 170 points out of 171 points 
 
As can be seen above all results are positive for the 3 diameters. 
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6 Conclusion 

Applus RTD has successfully completed the qualification process according Fluxys specification n° 4.90000/00126 
rev. F. 
 
The IWEX system has been approved within the following limits: 

 Procedures: 
o Use of the general procedure n° PIPL-06.11.0001 Rev. 2 

 Probe Parameters 
o Use of the parameters mentioned in attachment A of the specific procedures n° UT 16 471 Rev. 0, 

UT 16 472 Rev. 0 and UT 16 472 Rev. 0 

 Material (steel all grades of material groups 1 en 2 of ISO/TR 15608) 
o Nominal wall thickness within the range from 5,0 mm through 30,0 mm 

 Software  
o A change of software version 2.0 build 56, with firmware version 3.10 

 
Any changes outside above mentioned parameters will need to be evaluated by Vinçotte for approval. 
 
A project specific procedure shall need to be send to Vinçotte for approval. 

7 Enclosures 

 Gasunie specification n° TVS090027rev1-v2 – Kwalificatieprocedure AUT-systeem 

 DNV GL Report n° 2015-4316, Rev. 0 – General DNV GL Qualification of Applus RTD IWEX for Carbon Steel Pipeline 
Girth Weld Applications Extent of the assignment 

 DEKRA Solutions B.V. Report n° 2809008.50-v2.1-MTI – Applus IWEX system/method qualification for Gasunie 

 Applus RTD AUT validation program n° UT 16.470 Rev. 0 – General IWEX System & Procedure Validation 

 Applus RTD General procedure n° PIPL-06.11.0001 Rev. 2 – RTD IWEX Automated Ultrasonic Testing 

 Applus RTD Specific procedure n° UT 16 472 Rev. 1 – Applus+ RTD IWEX Automated Ultrasonic Testing 8” x 5 mm 

 Applus RTD Specific procedure n° UT 16 473 Rev. 1 – Applus+ RTD IWEX Automated Ultrasonic Testing 28” x 9,53 mm 

 Applus RTD Specific procedure n° UT 16 471 Rev. 1 – Applus+ RTD IWEX Automated Ultrasonic Testing 48” x 22,7 mm 
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Scope 
Deze procedure beschrijft welke werkzaamheden uitgevoerd dienen te worden om de 
prestaties van een onderzoekssysteem eenduidig aan te tonen. Deze procedure beschrijft 
niet de veldkwalificatie van personeel en onderzoekssysteem. 
 
Deze procedure is onderdeel van het Gasunie systeem van leverancierserkenning en -
selectie. Deze procedure kan pas gevolgd worden na een positieve beoordeling van fase 1 
van de leverancierserkenning. 
 
Naar deze procedure wordt verwezen in Gasunie Technische Standard CSW-05-E. 
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1 Inleiding 
In deze procedure staat beschreven hoe de prestaties van een onderzoekssysteem, de 
detectie- en sizingcapaciteiten, moeten worden bepaald op een kwantitatieve wijze. Het 
betreft de kwalificatie van het onderzoekssysteem voor het uitvoeren van geautomatiseerd 
ultrasoon (nieuwbouw) onderzoek aan rondlassen in buisleidingen van koolstofstaal met 
wanddiktebereik vanaf 8 tot en met 30 mm en diameter 24'' (DN600) tot en met 48'' 
(DN1200), inclusief reparatielassen.  
Om deze capaciteiten aan te tonen worden rondlassen gemaakt waarin achteraf defecten 
worden gemaakt. Met gedetecteerde en niet-gedetecteerde defecten kan een POD-curve 
worden bepaald inclusief betrouwbaarheidsintervallen. Van de gedetecteerde defecten wordt 
ook de afmetingen bepaald. Hieruit wordt de sizing nauwkeurigheid bepaald. Indien de POD-
curven inclusief betrouwbaarheidsinterval en sizing nauwkeurigheid voldoen aan de gestelde 
eisen dan is de onderzoeksapparatuur samen met de onderzoeksprocedure gekwalificeerd. 
 
Er wordt vanuit gegaan dat de onderzoeksfirma haar systeem reeds heeft 
ontworpen/opgesteld met behulp van bijvoorbeeld representatieve open trial proefstukken. 
Dit proces is geen onderdeel van deze kwalificatieprocedure. 
 
De kwalificatie van het onderzoekssysteem kan algemeen zijn of projectgebonden (zie 
Figuur 1): 

 Algemene gekwalificeerd: onderzoekssysteem voldoet aan de eisen voor alle 
wanddikte - diameter – lasproces combinaties zoals genoemd in hoofdstuk 6.  

 Project (of deel) gekwalificeerd: onderzoekssysteem voldoet aan de eisen voor 
wanddikten - diameter – lasproces(sen) - buisleidingtype combinatie. 

Kwalificaties worden doorgaans opgezet voor een bepaalde diameter/wanddikte en lasproces 
combinatie en zijn derhalve projectgebonden. 
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Gasunie CSW-01 CSW-05 

Alle Personeel/operators 
Alle equipment 

procedure: 1 systeem  

Apparatuur 
 Hardware 
 Software 
 Instellingen 

Procedure 

POD 

Bedrijf incl. kwaliteitsysteem 

Figuur 1 De plaats van deze procedure in het gehele kwalificatieproces van Gasunie 
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2 Het Kwalificatieproces 
 
De diverse deelprocessen van de kwalificatie zijn uitgewerkt in de onderstaande zeven 
onderdelen: 
 
1. De omschrijving van het buisleidingtype, lasproces(sen), lasnaadvorm, lasbad 

ondersteuning, laspositie, te verwachten defecten, kritieke defecten (zie hoofdstuk 6) 
 
2.a De fabricage van de rondlassen 
2.b NDO controle (zie hoofdstuk 7.1) 
2.c De fabricage van het calibratieblok 
 
3.a Het aanbrengen van relevante kunstmatige defecten die zo goed als mogelijk 

overeenkomen met werkelijke defecten (dus geen vonkverspaande sleuven of gaten) 
(zie hoofdstuk 7.2) 

3.b Het controleren van de proefstukken met rondlassen waarin kunstmatige defecten zijn 
aangebracht. Hiertoe wordt gebruik gemaakt van een of meerdere geschikte NDO-
technieken (zoals MPI, radiografie, TOFD). 

 
4. De blind trial: het inspecteren van de proefstukken door de NDO-firma met de te 

kwalificeren apparatuur volgens de te gebruiken procedure (zie hoofdstuk 9). 
 
5. Het destructieve onderzoek van de proefstukken (zie hoofdstuk 8.5). 
 
6. Het bepalen van de POD-curven uit de onderzoeksresultaten van de blind trial en de 

resultaten van het destructieve onderzoek (zie hoofdstuk 10). Hiervoor wordt 
Nordtest 394 toegepast. 

 
7. Het bepalen van de sizing nauwkeurigheid uit de onderzoeksresultaten van de blind trial 

en het destructieve onderzoek (zie hoofdstuk 10). 
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3 Definities 
 
AUT-systeem 
Geautomatiseerd ultrasoon onderzoekssysteem 
 
Blind trial 
Onderzoek door de te kwalificeren contractor met de te kwalificeren apparatuur volgens de 
te gebruiken procedure van lasverbindingen in een blind trial proefstuk waarin kunstmatige 
defecten door de kwalificatiefirma zijn aangebracht voor de bepaling van hx|y en sizing 
nauwkeurigheid. Vooraf weet het personeel van de contractor niet welke defecten in de 
lasverbinding aanwezig zijn. 
 
Blind trial proefstuk 
Een hele rondlas met daarin kunstmatig aangebrachte defecten. Het proefstuk is lang genoeg 
voor de uitvoering van het onderzoek. 
 
Calibratie 
Een reeks van handelingen als onderdeel van de onderzoeksprocedure waarbij de instellingen 
van de onderzoeksapparatuur wordt geverifieerd ten opzichte van een calibratieblok. 
 
Calibratieblok 
Het calibratieblok is een referentiemateriaal welke kunstmatige reflectoren bevat. Dit blok 
wordt ontworpen en vervaardigd door de contractor conform CSW-05-E. Het materiaal moet 
van dezelfde buis zijn waarmee de blindtrial proefstukken zijn vervaardigd. 
 
Contractor 
Firma die een geautomatiseerd ultrasoon systeem aanbiedt om gekwalificeerd te worden. 
Geeft opdracht aan de kwalificatiefirma om het kwalificatieonderzoek uit te voeren. 
 
Defect 
Imperfectie in de lasverbinding die de mechanische integriteit nadelig kan beïnvloeden. Een 
lijst van mogelijke defecten is gegeven in NEN-EN-ISO 6520-1. 
 
Defectenspecificatie 
Een specificatie ten behoeve van de firma die de proefstukken fabriceert ten behoeve van 
het praktische deel van de kwalificatie. 
De specificatie bevat gegevens betreffende de types, groottes, aantal en locatie van de 
kunstmatige defecten. 
 
Defecthoogte 
Afmeting van een defect in een vlak loodrecht op het oppervlak van de buiswand. 
 
Detectie 
Het correct vaststellen van de aanwezigheid van een defect inclusief de locatie in de 
lasverbinding. 
 
DS 
downstream 
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Essentiële variabelen 
Hiermee worden de variabelen van het niet-destructieve onderzoek aan de lassen van de 
buisleiding bedoeld die het resultaat van de detectie en de bepaling van de defectgrootte 
significant kunnen beïnvloeden. 
Deze variabelen zijn instelbaar en de toelaatbare grenzen van deze variabelen worden 
vastgelegd in de onderzoeksprocedure. De essentiële variabelen en de mate waarin ze het 
resultaat beïnvloeden worden verder in de TJ beschreven (zie ook invloedrijke variabelen). 
 
Geldigheidsgebied 
Combinatie van wanddikte, buisdiameter, staalsoort, buisleidingtype, lasnaadvorm, 
lasproces, laspositie en lastoevoegmateriaal waarop de kwalificatie is uitgevoerd en van 
toepassing is. 
De geldigheid beperkt zich tot de omstandigheden waarop de kwalificatie is uitgevoerd.  
 
hx|y  
De defecthoogte die met een kans van x% gedetecteerd kan worden met een 
betrouwbaarheid van y%. Bijvoorbeeld: h90|95 = 5 mm, betekent dat een defect met een 
hoogte van 5 mm met 90% kans wordt gedetecteerd en dat er 5% kans is dat de 
detectiekans lager is dan 90% (zie ook Figuur 4). 
 
Invloedrijke variabelen 
Hiermee worden de variabelen van het niet-destructieve onderzoek aan de lassen van de 
buisleiding bedoeld die het resultaat van de detectie en defectgrootte bepaling mogelijk 
kunnen beïnvloeden. 
Deze variabelen en de mate waarin ze het resultaat mogelijk kunnen beïnvloeden worden 
beschreven in de Technical Justification. 
 
Karakterisatie 
Het bepalen van de aard van een defect, meestal of een defect vlak of volumetrisch van 
aard is. 
 
Kunstmatige defect 
Een defect dat zo goed als mogelijk overeenkomt met een werkelijk defect (dus geen 
vonkverspaande sleuven of gaten).  
 
Kwalificatie 
Onderzoek en demonstratie om aan te tonen dat het onderzoekssysteem en 
onderzoeksprocedure in staat zijn om de vereiste prestatie te leveren onder realistische 
onderzoeksomstandigheden. 
 
Kwalificatiefirma 
Een onafhankelijke firma die de kwalificatie van de contractor ontwerpt, begeleidt en uitvoert 
in opdracht van de contractor. De kwalificatiefirma heeft geen belang in het uitvoeren van 
onderzoeken ten behoeve van Gasunie of verbintenissen met partijen die wel betrokken zijn 
bij het uitvoeren van onderzoeken (“inspecties”). 
 
Laboratorium 
Een onafhankelijke firma die de kunstmatige defecten aanbrengt en de proefstukken 
destructief onderzoekt. 
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Lasverbinding 
Homogene metallische verbinding door middel van smeltlas aangebracht tussen twee 
uiteinden van de buis, bestaande uit lastoevoegmateriaal, gesmolten moedermateriaal en 
warmtebeïnvloede zone.  
Indien reparaties zijn uitgevoerd, kan de ligging van de smeltlijn zijn veranderd en de 
omvang van de warmtebeïnvloede zone groter zijn dan in het geval van een niet 
gerepareerde lasverbinding. 
 
Onderzoeksapparatuur 
Combinatie van hardware en software die gebruikt wordt om gemechaniseerd ultrasoon 
onderzoek uit te voeren aan lassen in buisleidingen. Omvat doorgaans de volgende 
componenten: sensoren, bekabeling, bevestiging, manipulatoren, vloeistofkoppeling, data-
acquisitie, data-verwerking, data-presentatie, data-opslag. 
 
Onderzoeksprocedure 
Gedetailleerd draaiboek van alle handelingen nodig voor de uitvoering van het onderzoek. 
Beschreven wordt: het toepassingsgebied, de apparatuur, de calibratie, het uitvoeren van 
het onderzoek en het evalueren van de resultaten en het toetsen aan de criteria en de wijze 
van rapporteren. De onderzoeksprocedure wordt door de contractor geschreven en 
beoordeeld door de kwalificatiefirma en Gasunie. 
 
Onderzoekssysteem 
Onderzoeksapparatuur, onderzoeksprocedure en TJ samen. 
 
POD 
Probability of detection, detectiekans 
 
Sizing 
Het met behulp van ultrasoon onderzoek bepalen van de afmetingen van een defect in een 
vlak evenwijdig aan het oppervlak van de buiswand (lengte) en/of loodrecht op het 
oppervlak van buiswand (hoogte). 
 
Specials 
Categorie van kunstmatige defecten waarvoor moeten worden aangetoond dat het 
onderzoekssysteem voldoende robuust om deze te detecteren. Een POD-curve en sizing 
nauwkeurigheid wordt niet bepaald voor deze categorie. 
 
Sizing nauwkeurigheid 
Het verschil tussen de defecthoogte bepaald door het onderzoekssysteem en de ware 
defecthoogte (bepaald uit het destructief onderzoek). 
 
Technical Justification (TJ) 
De technical justification is een document dat de onderzoeksprocedure aanvult met 
informatie over de betrouwbaarheid van het systeem. De TJ bevat de verantwoording voor 
de gemaakte keuzes m.b.t. het onderzoekssysteem. Dat kan aan de hand van eigen 
onderzoeken, literatuur of (inter)nationale onderzoeksprogramma’s. De TJ bevat verder ook 
de invloed van hi/lo en temperatuur. In de TJ staan de essentiële en invloedrijke variabelen 
beschreven. 
 
Threshold 
Een ondergrens of drempelwaarde waarvan af de meetdata wordt opgenomen/geregistreerd. 
Signalen van de meetdata worden geëvalueerd vanaf deze ondergrens bij de kwalificatie. 
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US 
upstream 
 
Warmtebeïnvloede Zone (WBZ) 
De zone direct naast de smeltlijn in het buismateriaal die door de laswarmte geheel of 
gedeeltelijk een structuurverandering heeft ondergaan. 
 
3e partij NDO firma 
Derde partij NDO firma (niet zijnde de contractor) die de proefstukken controleert in 
opdracht van de kwalificatiefirma. De 3e partij NDO firma heeft geen belang in het uitvoeren 
van onderzoeken ten behoeve van Gasunie. 
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4 Normen en codes 
  
In deze procedure wordt verwezen naar de volgende normen en codes: 
1. Gasunie Technical Standard, MSW-01-E, Pipe for natural gas lines. Seamless and welded 

line pipe, versie 7 
2. Gasunie Technical Standard, CSW-01-N, Het lassen van pijpen, hulpstukken en 

constructie elementen, versie 6 
3. Gasunie Technical Standard, CSW-05-E, Non-destructive Testing, versie 6 
4. Informatie voor leveranciers, Gasunie systeem van leverancierserkenning en –selectie, 

uitgave november 2008, afdeling Procurement 
5. NEN-EN-ISO 6520-1:1998 Welding and allied processes – Classification of geometric 

imperfections in metallic materials, part 1 fusion welding, 1998 
6. NEN-EN 10208-2:1996, Stalen buizen voor leidingen voor brandbare vloeistoffen - 

Technische leveringsvoorwaarden - Deel 2: Buizen van klasse B 
7. Nordtest, Guidelines for Determining NDE Reliability Determination and Description, NT 

Techn Report 394, approved 1998-04 
(te downloaden van: http://www.nordicinnovation.net/article.cfm?id=1-834-741) 
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5 Partijen 
 
De verhouding tussen de partijen wordt weergegeven in Figuur 2. 
 
5.1 Gasunie 

Gasunie is toezichthouder en verantwoordelijke voor de veiligheid tijdens aanleg en gebruik 
van de buisleiding. Gasunie hanteert een lijst van erkende leveranciers. Een van de 
voorwaarden om in aanmerking te komen voor deze erkenning voor een contractor is dat hij 
zijn onderzoekssysteem kwalificeert volgens deze procedure. In dit verband volgt Gasunie de 
uitvoering van de kwalificatieprocedure en verneemt van de kwalificatiefirma hoe het proces 
verloopt. 
 
5.2 Contractor 

Deze firma wordt gekwalificeerd (projectgebonden of algemeen) voor het mogen uitvoeren 
van onderzoeken. Taken: 

1. beschikbaar stellen van apparatuur, procedures en personeel die ingezet worden bij 
de kwalificatie. 

2. opstellen van de Technical Justification. 
3. aanleveren van proefstukken met rondlassen van goede kwaliteit bij voorkeur zonder 

defecten. 
4. aanleveren van de resultaten van elk deel van de kwalificatie. 
5. uitvoeren van de scans op een manier die overeenkomt met de uitvoeringswijze in de 

praktijk. 
6. Gasunie waarschuwen indien er verandering optreedt in het onderzoekssysteem 

zodanig dat een aanvullende of nieuwe kwalificatie van toepassing is. 
7. Gasunie waarschuwen indien er in de praktijk afwijkingen optreden t.o.v. de 

kwalificatie zodanig dat een aanvullende of nieuwe kwalificatie van toepassing is. 
 
5.3 Kwalificatiefirma 

Firma die de supervisie en beoordeling van kwalificaties van de contractor verzorgt. 
Taken: 

1 voorbereiden van een kwalificatiedossier. 
2 beoordelen van de onderzoeksprocedure(s). 
3 beoordelen van de Technical Justification. 
4 coördineren van de vervaarding van de blind trial proefstukken: 

a. verzamelt relevante gegevens zoals: materiaalcertificaten, WPS; 
b. verstrekt opdracht aan en evalueert onderzoeksdata 3e partij NDO firma; 
c. specificeert aantal, locatie en aard van aan te brengen kunstmatige defecten; 
d. begeleidt productie van kunstmatige defecten (uitvoering en NDO controle); 
e. houdt een lijst bij met alle karakteristieken van aangebrachte kunstmatige 

defecten; 
f. begeleidt de uitvoering van het openbreken van de proefstukken. 

5 supervisie van de blind trials. 
6 waarborgen van de vertrouwelijkheid van de blind trial proefstukken. 
7 verzamelen van de resultaten van elk deel van de kwalificatie, beoordelen en 

vergelijken met de gestelde eisen. 
8 uitvoeren van de berekeningen om de POD-curven en sizing nauwkeurigheid vast te 

stellen. 
9 handhaven van een dossier met gegevens van de proefstukken met de kunstmatige 

defecten. 
10 beheren van de proefstukken gedurende het kwalificatieproces. 
11 rapporteren van de resultaten van het kwalificatieproces. 

 



5.4 Laboratorium 

Firma die de kunstmatige defecten aanbrengt ten behoeve van de blind trials en die na 
afloop van de blind trials de proefstukken destructief onderzoekt in opdracht van de 
kwalificatiefirma. Het aanbrengen van de defecten en het destructief onderzoek kan ook bij 
verschillende laboratoria worden uitgevoerd.  
 
5.5 3e partij NDO firma 

Deze firma voert het NDO uit aan de blind trial proefstukken vóór en na het aanbrengen van 
de defecten in opdracht van de kwalificatiefirma. 
 

3e partij NDO 
inspectiefirma 

Destructief onderzoek  

Fabricage rondlassen  

Fabricage defecten  

Laboratorium 

Contractor 

Systeem 1 Systeem 2 

Kwalificatiefirma 

Gasunie Erkenning 

 

Figuur 2 Verhoudingen tussen partijen 
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6 Buisleidingtype, Lasnaad en Lasproces en 
Kritieke Defecten 

 
6.1 Buisleidingtype 

De kwalificatie wordt uitgevoerd voor een specifiek bereik van buisdiameter, buisleidingtype, 
staalsoort en wanddikte, zie Tabel 1. 
 

Tabel 1 Bereik van buisdiameters en wanddikte 

Uitvoering kwalificatie AUT-systeem Geldigheids- 
gebied 

Buisleidingtype Staalsoort Diameter Nominale 
wanddikte* 

Wanddikte Buisdiameter 
[mm] 

    [inch] [mm] [mm] 

DN 600 HF langslas L415 MB 24 9,3 8 – 12 

DN 900 Spiraallas L415/485 MB** 36 14,3 9,8 – 18,9 

DN 1200 Langslas L485 MB 48 22,7 15 - 30 

* Er kunnen geringe afwijkingen in de wanddikte voorkomen (ordegrootte 0,5 – 2 mm) 
** Afhankelijk van de beschikbaarheid 
 
6.2 Lasnaad en lasproces 

De kwalificatie wordt uitgevoerd voor een specifieke buisleidingtype-staalsoort combinatie.  
Naast deze combinatie zijn ook relevant: 

- Lasnaadvorm; 
- Toepassing van lasbadondersteuning; 
- Laspositie; 
- Lasproces(sen). 

 
6.3 Kritieke defecten 

Voor de integriteit van de buisleiding worden vlakke defecten als kritiek beschouwd. 
Volumedefecten zoals poriën en slakinsluitsels worden buiten beschouwing gelaten. 
 
Voor de gebruikte combinatie van lasproces, materiaal en lasnaadvorm worden de volgende 
defecten voor het kwalificatieproces relevant geacht (tussen haakjes is de codering volgens 
ISO 6520-1:1998 vermeld): 

1. scheuren in de WBZ, in langsrichting (101) 
2. scheuren in het hart van de las, in de langsrichting (2021) 
3. onvolkomen doorlassing (4021) 
4. bindingsfouten (401) 
5. herstartfouten (517) 
6. hoogteverschil/uitlijning (507) 

 



Defecten kunnen ook in combinatie voorkomen (vooral de combinatie van hoogteverschil en 
onvolkomen doorlassing of bindingsfouten in de grondlaag wordt als kritiek beschouwd). 
 
Op grond van overwegingen op het gebied van breukmechanica is ook de oriëntatie van de 
betreffende vlakke defecten van belang. Voor de mechanische integriteit van de buisleiding 
zijn vlakke defecten bepalend waarvan de oriëntatie evenwijdig loopt aan de richting van de 
rondlas en de stand van het defect evenwijdig is aan de lasflank of haaks op de buiswand. 
Het betreft hier defecten uit de categorie: onvolkomen doorlassing (lack of root penetration) 
en bindingsfout op de lasflank (lack of sidewall fusion). 
Dit betekent dat vlakke defecten die evenwijdig aan de wanddikte van buiswand lopen als 
minder kritiek voor de integriteit van de buisleiding worden beschouwd. Hiervan wordt geen 
POD-curve bepaald, maar wordt getest of het systeem voldoende robuust is om deze 
defecten aan te tonen. 
 
Toelichting 
Het is niet erg praktisch om een POD-curve  van alle mogelijk voorkomende vlakke defecten 
te bepalen met behulp van metingen. Dit zou betekenen dat van ieder type fout minimaal 40 
per zone in de lasverbinding met worden aangebracht. 
Er is voor gekozen om de POD-curve aan te tonen met behulp van defecten van het type 
“bindingsfout/scheur”. Van dit type fout wordt in iedere zone in de lasverbinding voldoende 
kunstmatig aangebrachte defecten geproduceerd. 
Van de overige defecten uit de defectenspecificatie wordt slechts per defecttype 4 
kunstmatig aangebrachte defecten geproduceerd. Het doel van deze “specials” is niet het 
bepalen van een POD-curve, maar een “proof of principle”, waarmee gedemonstreerd wordt 
dat het onderzoekssysteem in principe geschikt is om dit type fout in het werk aan te tonen. 
 
Een lasverbinding wordt ingedeeld in drie zones als volgt worden aangeduid: 

- sluitlaag 
- midden 
- doorlassing 

De afmeting van iedere zone wordt gesteld op 1/3 van de wanddikte van de buis, zie 
Figuur 3. 
 

sluitlaag 

© 2009 N.V. Nederlandse Gasunie, Groningen, kenmerk TVS 09.0027 Blad 14 van 24  

 

Figuur 3 Zone-indeling van de lasverbinding (specifiek voor deze procedure, niet 
conform CSW-05E) 

 

middenlaag 

grondlaag 

t 

1/3t 
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6.4 Reparaties 

Een bijzonder geval wat betreft de kwalificatie van het onderzoekssysteem is het gedrag in 
geval van reparaties. Reparaties kunnen een verschuiving van de originele lasnaadgeometrie 
veroorzaken. Ook in dit geval dient het te kwalificeren onderzoekssysteem voldoende 
betrouwbaar te zijn. 
 
Naast kunstmatige defecten in de originele naadconfiguratie dient het blind trial programma 
ook de volgende specials te omvatten: 

a. Reparatie met bevel shift/verschuiving positie lasnaad. Er worden 4 lokale 
reparaties uitgevoerd en onderzocht. 

b. Reparatie in de grondnaad. Er worden 4 lokale reparaties uitgevoerd en 
onderzocht. 

Met lokaal wordt bedoeld: een laslengte van 15-40 mm. 
 

Van de onderzoeksresultaten in geval van reparaties wordt geen POD-curve bepaald. Het is 
voldoende wanneer de robuustheid van het systeem wordt aangetoond, doordat alle defecten 
worden gevonden en gerapporteerd. De aangebrachte defecten zijn bij benadering: 

a. 2 mm hoog in het geval van reparaties in de sluitlaag met bevel shift 
b. 1 mm hoog in het geval van reparaties in de grondnaad van de lasverbinding. 
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7 Het Fabricageproces van de Blind Trial 
Proefstukken 

 
7.1 Rondlassen en calibratieblok 

Ten behoeve van de blind trials worden rondlassen vervaardigd conform CSW-01. Het 
buismateriaal is conform MSW-01 en het calibratieblok is conform CSW05-E. 
Het aantal rondlassen dat is vereist, hangt af van het aantal te maken kunstmatige defecten 
en de buisdiameter. Het is niet de bedoeling om defecten in dikterichting te stapelen. Er 
dient voldoende ruimte te zijn tussen de kunstmatige defecten. Een praktische waarde is 
50 mm of meer. De kunstmatige defecten mogen wel aanwezig zijn op dezelfde positie in de 
omtreksrichting op beide lasflanken. 
 
7.2 Ingangscontrole 

Om de kwaliteit van de gebruikte materialen en middelen te waarborgen wordt voordat de 
kunstmatige defecten worden aangebracht een ingangscontrole uitgevoerd in de vorm van: 

- Registratie van materiaalcertificaten van buismateriaal en lastoevoegmaterialen 
- Controle lasmethodebeschrijving 
- Controle op de afwezigheid van defecten door de 3e partij NDO firma met behulp van 

MPI, radiografie en TOFD conform CSW-05-E. 
Voor de voortgang van het gehele kwalificatieproces dient het aantal defecten dat door het 
lasproces is aangebracht beperkt te blijven. 
 
7.3 Defectenspecificatie 

Om de POD-curven te bepalen worden in de rondlassen vlakke defecten aangebracht volgens 
het overzicht in Tabel 2. De wanddikte van de gelaste buis is verdeeld in drie zones. In 
iedere zone dienen minimaal 40 vlakke defecten te worden aangebracht.  
De aan te brengen defecten zijn van het type: 

- onvolkomen doorlassing (alleen in de binnenzijde/doorlassing) en 
- bindingsfout op de lasflank (lack of sidewall fusion) 
- specials volgens het overzicht in Tabel 3. 
 

Bij het aanbrengen van de kunstmatige defecten moet gelet worden op: 
- het willekeurig verdelen van de defecten over de laslengte (dus niet eerst 40 

defecten in de sluitlaag, gevolgd door 40 defecten in het midden) 
- voldoende afstand houden tussen de defecten: de defecten moeten geïsoleerd zijn 

(de afstand dient groter te zijn dan de grootste defectlengte (50 mm) 
- voorkomen dat defecten op elkaar worden gestapeld (het is niet de bedoeling dat op 

dezelfde locatie defecten in sluitlaag, midden en doorlaszijde aanwezig zijn) 
- het produceren van defecten van verschillende hoogten (zowel defecten groter als 

kleiner dan de toelaatbare defecthoogte (volgens geldende acceptatiecriteria) is 
noodzakelijk voor bepaling van de POD) 

- een variatie in de defectlengte; minimum lengte is 15 mm 
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Tabel 2 Specificatie vlakke defecten 

Zone Minimaal 
Aantal 

defecten 
per zone 

Richtwaarde 
gemiddelde 

defecthoogte1 

Bereik 
defecthoogte2,3 

Bereik 
defectlengte 

   van tot van tot 

  [mm] [mm] [mm] [mm] [mm] 

Sluitlaag 40 1,5 0,5 5 15 50 

Middenlaag 40 3,0 0,5 5 15 50 

Grondlaag 40 1,5 0,5 5 15 50 

1) richtwaarde gemiddelde defecthoogte is gelijk aan acceptatiecriteria TOFD voor klasse III minus 

1 mm sizing nauwkeurigheid (CSW-05-E). 

2) sluit- en grondlaag zone: maximum gelijk aan 3x richtwaarde gemiddelde defecthoogte (=3x1,5 = 

4,5 -> 5 mm) 

3) middenlaag zone: omdat 3x richtwaarde gemiddelde leidt tot 9 mm maximum, is deze gelijk 

genomen aan sluit- en grondlaag zone 

 
Tabel 3 Specificatie “Specials” 

Zone Aantal 
defecten 

Type defect 
(codering volgens ISO 6520-1) 

Richtwaarde 
gemiddelde 
fouthoogte 

[mm] 

Weeg-
factor 

Punten 
per 

categorie 

Buitenzijde/sluitlaag 4 Overlap (506)   1 4 

Buitenzijde/sluitlaag 4 Aanhechtingsfout (517)   1 4 

Midden 4 H/B scheur, waterscheur (2021) 4 4 16 

Buitenzijde/sluitlaag 4 Nest van scheuren (103) 2 2 8 

Binnenzijde/grondlaag 4 Uitlijningsfout, hi/lo (507) 2 1 4 

Sluitlaag 4 Randinkarteling (5012)  1 1 4 

Reparatie sluitlaag 4 Bevel shift + bindingsfout (LOSF, 401) 2 4 16 

Reparatie grondlaag 4 Onvolkomen doorlassing (4021) 1 4 16 

Totaal aantal specials 32   
Max. 

Punten 72 

 
7.4 Registratie kunstmatige defecten 

Bij de fabricage van de blind trial proefstukken houdt de kwalificatiefirma een nauwkeurige 
registratie bij van: 

- type defect 
- plaats defect (in omtreksrichting, diepte t.o.v. buiswand, positie t.o.v. lasflank, 

DS/US) 
- afmetingen defect (hoogte, hoogteverdeling, lengte) 

De registratie van de defecten dient ter ondersteuning van de destructieve beproeving. 
 
De registratie van de defecten mag voor het einde van het kwalificatieproces niet ingezien 
worden door de contractor of andere betrokken partijen. 
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7.5 Uitgangscontrole 

Na het aanbrengen van de kunstmatige defecten worden de proefstukken door een 3e partij 
NDO firma met behulp van MPI, radiografie en TOFD onderzocht op de aanwezigheid van 
defecten. De rapportage van dit onderzoek dient strikt vertrouwelijk te worden geleverd aan 
de kwalificatiefirma. 
 
7.6 Destructief onderzoek van de proefstukken 

Na het onderzoek door de contractor zullen de blind trial proefstukken destructief worden 
beproefd om van de kunstmatige defecten de aanwezigheid, positie en de afmetingen vast te 
stellen. Voor het destructief onderzoek wordt gebruik gemaakt van de onderzoeksrapportage 
van de 3e partij NDO firma over de aangebrachte kunstmatige defecten. 
 
Het destructief onderzoek omvat de volgende stappen: 

- markeren/coderen van de locatie van het kunstmatige defect; 
- uitnemen uit de buisleiding van een strook materiaal rondom het kunstmatige 

defect; 
- verjongen van de strook materiaal in breedte- en dikterichting rondom het 

kunstmatige defect; 
- afkoelen van het proefstuk tot een temperatuur van -196 ºC (door onderdompelen in 

vloeibare stikstof en voldoende tijd te nemen zodat proefstuk door-en-door is 
afgekoeld tot -196 ºC); 

- openbreken van het kunstmatige defect door middel van driepuntsbuigproef of 
trekproef; 

- registratie van: 
o de aard van het defect 
o de positie van het defect 
o de oriëntatie van het defect 
o de afmetingen van het defect (lengte en hoogte/hoogteverdeling) 
o het uiterlijk van het defect d.m.v. een foto-opname 

- rapportage van de resultaten in tabelvorm 
- conserveren van het beproefde proefstuk in verband met raadpleging op een later 

moment. 
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8 Kwalificatie van het Onderzoekssysteem 
 
8.1 Algemeen 

De beoordeling van de kwalificatie van de onderzoeksapparatuur en -procedure dient te 
bewijzen dat: 

 De apparatuur mechanisch geschikt is en voldoende robuust voor de te verrichten 
taak 

 De nauwkeurigheid van de positionering voldoende is voor de gewenste toepassing 
 De nauwkeurigheid bij herhaling voldoende is voor de te verrichten taak 
 De procedure voldoende robuust is met betrekking tot de detectie, karakterisatie en 

sizing van relevante defecten. 
 
De kwalificatie van het onderzoekssysteem van de contractor bestaat uit: 

 Beoordeling van de procedure 
 Beoordeling van de TJ. 
 Het onderzoek van de blind trial proefstukken na goedkeuring van de 

onderzoeksprocedure en TJ. 
 Handmatig ultrasoon onderzoek door de contractor in geval van onduidelijkheden in 

het resultaat van het onderzoekssysteem is toegestaan. 
 Overleggen van de onderzoeksresultaten door de contractor en eventuele 

mondelinge toelichting binnen 48 uur na het beëindigen van de onderzoeken. Van 
deze overdracht wordt een verslag door de kwalificatiefirma verstrekt. 

 
Na het onderzoek door de contractor worden de proefstukken destructief onderzocht 
(hoofdstuk 8.5) en worden de POD-curven en sizing nauwkeurigheden bepaald 
(hoofdstuk 10). 
 
8.2 Onderzoeksprocedure 

De onderzoeksprocedure beschrijft de uitvoeringswijze van het onderzoek als een 
stappenplan ten behoeve van de operator en bevat ten minste de volgende onderwerpen: 

1. doel van het onderzoek, verwijzing naar normen, codes 
2. component 
3. eisen m.b.t. het personeel 
4. apparatuur 
5. calibratie 
6. uitvoering 
7. evaluatie, sizing 
8. toetsing aan de criteria 
9. rapportage 
10. apart onderdeel/procedure voor het scannen van reparatielassen. 

Voor de kwalificatie dient dezelfde onderzoeksprocedure te worden gebruikt als bij uitvoering 
in het veld. 
 
8.3 De Technical Justification 

De technical justification bevat informatie die de procedure aanvult. De TJ bevat: 
1. Bewijsmateriaal van de effectiviteit van het onderzoek 

Dit zijn laboratoriumstudies, mathematische modellen, fysische redeneringen, 
uitkomsten van experimentele onderzoeken etc. 

2. Er dient aannemelijk gemaakt te worden waarom de toegepaste apparatuur, 
tasters, data acquisitie systeem, visualisatie/weergave van de metingen, 
manipulatoren geschikt zijn voor de eisen die in de procedure gesteld worden 

3. Essentiële en invloedrijke variabelen 
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De invloed van de temperatuur, oppervlaktegesteldheid en hi/lo wordt o.a. 
aangegeven. 

4. De kwalificatie is een type kwalificatie. Indien er verschillende uitvoeringen van 
hetzelfde type apparaat zijn, dient de contractor aannemelijk te maken dat de 
verschillen niet van invloed zijn op de prestaties van het onderzoekssysteem 
(wat betreft de detectie- en sizingprestaties). 
Indien er een nieuwe versie van het onderzoekssysteem is uitgekomen kunnen 
de verschillen worden vastgelegd/verklaard waardoor een nieuwe blind trial 
mogelijk niet nodig is. 

 
8.4 Onderzoek van de blind trial proefstukken 

Het onderzoek aan de blind trial proefstukken wordt uitgevoerd conform de 
onderzoeksprocedure die gebruikt wordt in het veld conform CSW-05-E met een belangrijke 
toevoeging: alle signalen groter dan het ruisniveau worden geregistreerd. Signalen worden 
slechts geëvalueerd als indicatie indien ze minimaal 6 dB signaal/ruis verhouding hebben en 
minimaal 10 mm lang zijn. Bij TOFD worden alle signalen die afwijken van een normaal 
patroon (zichtbare grondlaag en bovenzijde/sluitlaag) gerapporteerd. 
 
Het onderzoek van de proefstukken door de contractor wordt bijgewoond door de 
kwalificatiefirma. Tevens controleert deze dat de contractor volgens de procedure werkt. 
 
De reproduceerbaarheid moet worden aangetoond door het onderzoek van de rondlas geheel 
opnieuw uit te voeren waarbij de positie van DS en US niet verandert. De eis is dat het 
aantal gedetecteerde defecten niet veranderd. Voorwaarde hiervoor is dat de encoder niet 
slipt. Verder is voor een goede correlatie met de destructieve resultaten nodig dat het aantal 
pulsen per millimeter binnen 1% overeenkomt met de werkelijk afgelegde afstand aan het 
buitenoppervlak van de buis. 
 
Na uitvoering van de scans worden de resultaten geëvalueerd door de contractor. Scans 
mogen na evaluatie niet opnieuw uitgevoerd worden. Indien na het bepalen van de 
werkelijke afmetingen en de locatie van de kunstmatige defecten duidelijk is dat defecten 
zijn gemist, dan is een herevaluatie van de onderzoeksdata van de blind trial proefstukken 
toegestaan. Als daaruit blijkt dat de gemiste defecten gemist zijn door menselijke 
(interpretatie)fouten, dan mogen deze defecten alsnog worden beschouwd als gedetecteerd. 
Defecten gemist door omissies in de onderzoeksprocedure mogen alleen worden beschouwd 
als gedetecteerd als de onderzoeksprocedure wordt aangepast om deze alsnog te detecteren 
(dit kunnen ook bepaalde instellingen van de software zijn). 
 
De kwalificatiefirma behoudt het recht om de kwalificatie te beëindigen indien vóór aanvang 
van het destructieve onderzoek reeds duidelijk is dat er onvoldoende correlatie is tussen de 
productiegegevens van de blind trial proefstukken en de resultaten van de contractor. Er 
zullen tussen kwalificatiefirma en contractor afspraken gemaakt worden voor een nieuwe 
blind trial nadat contractor een verklaring heeft afgegeven voor de discrepantie tussen de 
eerdere resultaten en de productiegegevens. 
 
8.5 Te rapporteren gegevens 

De benodigde gegevens voor het rapport staan in CSW-05-E, paragraaf 8.6. 
Bij het kwalificatieonderzoek worden alle signalen boven ruisniveau of afwijkend t.o.v. 
normaal patroon gerapporteerd. De ligging van de indicaties worden aangegeven t.o.v. de 
scribeline. 



9 Bepaling van de POD en de Sizing 
Nauwkeurigheid 
 
9.1 Probability of detection 

Bepaling 
De bepaling van de POD gebeurt conform Nordtest rapport 394, sectie 11.2.3.2 en 
appendix II. De resultaten van het destructieve onderzoek aan de blind trial proefstukken en 
van het onderzoek van deze proefstukken, resulteren in een set van defecten met 
defectafmetingen en daarbij behorende echo-amplitude of TOFD registratie. Indien er 
defecten niet gedetecteerd zijn, dan resulteert dit in een echo-amplitude van 0%. Een 
gemiddelde POD-curve als functie van de defecthoogte wordt berekend met de maximum 
likelihood methode. Hiervoor wordt de POD relatie uit Nordtest rapport 394, sectie 11.2.3.2 
gebruikt: 
 

b)ho/h(1

1
1POD


  

 
waarin ho de defecthoogte die wordt gedetecteerd met een kans van 50% en 
betrouwbaarheid van 50% en b de exponent die helling van de curve bepaald bij ho. 
Vervolgens kan de POD-curve afhankelijk van het vereiste betrouwbaarheidsniveau worden 
berekend met de vergelijkingen uit Nordtest rapport 394, appendix II. 
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Figuur 4 De gemiddelde en ondergrens POD-curve als functie van defecthoogte met 
daarin aangegeven de definitie van h90|50 en h90|95 
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Opmerkingen 
1) De POD-curven worden alleen bepaald als functie van de defecthoogte. 
2) In het geval dat er geen POD-curve bepaald kan worden, wordt de methode uit Nordtest 

rapport 394, sectie 11.2.3.1 toegepast. Hiertoe moet het aantal gedetecteerde defecten 
wel minimaal 29 bedragen. 

3) De onderzoeksresultaten zijn afkomstig van 1 scan van de proefstukken. Het gebruik van 
herhaalde scans is niet toegestaan. 

4) Defecten in de sluitlaag en in de grondlaag moeten worden beschouwd als uittredend en 
defecten in de midden zone als ingesloten. 

5) De specials worden niet meegenomen. 
 
Toelichting 
Het principe van de maximum likelihood methode berust op gedetecteerde en niet-
gedetecteerde defecten. Een niet-gedetecteerd defect is een defect dat ofwel niet 
gedetecteerd is ofwel een defect met een echo-amplitude kleiner dan de threshold echo 
amplitude. De threshold beïnvloedt daarmee de POD-curve. Hoe groter de threshold wordt 
genomen, des te meer de POD-curve naar grotere defecthoogten verschuift. Indien het nodig 
is om de threshold lager te nemen om aan de eisen te voldoen dan is dat toegestaan. 
Uiteraard moet dan ook de onderzoeksprocedure worden aangepast. 
 
9.2 Sizing nauwkeurigheid 

Bepaling 
De bepaling van de sizing nauwkeurigheid volgt uit het verschil tussen de ware 
defectafmetingen en de defectafmetingen volgens het onderzoekssysteem. De sizing 
nauwkeurigheid is gedefinieerd als volgt 
 

doinsp hhh   

 
waarin hinsp de defecthoogte bepaald door het onderzoekssysteem en hdo de defecthoogte 
bepaald uit het destructief onderzoek. 
De sizing nauwkeurig wordt voor elke zone bepaald. Door het gemiddelde en de 
standaarddeviatie van de verschillen te bepalen kan een normaalverdeling worden bepaald. 
Indien het aantal gedetecteerde defecten kleiner is dan 30 dan moet de standaarddeviatie 
gecorrigeerd worden voor de statistische onnauwkeurigheid door middel van de student t-
verdeling. 
 
Opmerking 
1) De sizing nauwkeurigheid wordt bepaald voor de defecthoogte en defectlengte 
2) De sizing nauwkeurigheid wordt bepaald met alle gedecteerde vlakke defecten vermeld in 
Tabel 2. 
3) De specials worden buiten beschouwing gelaten. 
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10 Rapportage 
 
De kwalificatiefirma rapporteert aan de contractor en Gasunie. De rapportage bevat de 
volgende onderdelen: 

 De beoordeling van de onderzoeksprocedure; 
 De technical justification; 
 De beoordeling van de technical justification; 
 De resultaten van het onderzoek van de blind trial; 
 De resultaten van het destructieve onderzoek; 
 De resultaten van de berekening van POD-curven (inclusief effect van threshold); 
 De resultaten van de berekening van sizing nauwkeurigheid; 
 De resultaten van de specials. 
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11 Geldigheid van de Kwalificatie 
 
11.1  Algemeen 

Na een succesvolle kwalificatie wordt een projectgebonden kwalificatie certificaat verstrekt 
door Gasunie dat geldig is voor een diameter/wanddiktebereik zoals genoemd in hoofdstuk 5. 
De kwalificatie certificaat heeft geen eindige geldigheidsdatum zolang het 
onderzoekssysteem niet veranderd wordt. Een nieuwe kwalificatie is nodig voor een afwijking 
in wanddiktebereik, lasproces(sen), lasnaadvorm, laspositie, lasbadondersteuning en/of 
lasnaadvorm.  
 
11.2  Succesvolle kwalificatie 

De contractor heeft de kwalificatie succesvol doorlopen indien: 
1 De onderzoeksprocedure is goedgekeurd; 
2 De Technical Justification is goedgekeurd; 
3 Er voldaan is aan de eisen voor de POD-curven conform CSW-05E; 
4 Er voldaan is aan de eisen met betrekking tot de sizing nauwkeurigheid conform 

CSW-05E; 
5 Er voldaan is aan de eisen met betrekking tot de specials (ten minste 3 van de 4 

specials is gedetecteerd. De minimum gewogen score moet groter te zijn dan 60). 
 

11.3  Meldingsplicht contractor 

De contractor is verplicht een waarschuwing af te geven indien de onderzoeksprocedure of -
apparatuur wordt gewijzigd. 
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1 EXECUTIVE SUMMARY 
The Applus RTD IWEX™ (Inverse Wave field Extrapolation) automated ultrasonic testing (AUT) 
procedures have been subjected to qualification trials in order to establish the general performance of 
the system applied on carbon steel pipeline girth weld applications. IWEX is an ultrasonic imaging 
technique, which is presently a non-conventional ultrasonic technique for the pipeline girth weld 
inspection application. The qualification work has been done under agreement between Applus RTD and 
DNV GL AS, and follows the requirements of DNV-OS-F101:2013 [1] and DNV-RP-F118 [2].  

DNV GL has witnessed all trials and all scan interpretation, and has been invited to comment on all 
relevant documentation for IWEX and the qualification program. The system performance is well 
documented from the tests performed. It is documented that IWEX is capable of operating in accordance 
with DNV-OS-F101 requirements. It has been further documented that IWEX 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. Sizing accuracy and POD has been derived 
in accordance with DNV-OS-F101 for general applicability for carbon steel applications. The conclusions 
of the qualification program are summarized as follows: 

• The Applus RTD IWEX system is concluded to be in compliance with DNV-OS-F101:2013 
requirements. 

• The IWEX procedure has demonstrated consistent performance with regards to repeatability and 
when operating at elevated temperatures up to 80˚C, while the reference block is kept at 
ambient temperature. Repeatability refers to consistency in height estimates upon repeated 
scans. 

• Variations in band offset and probe separation distance have no significant impact on inspection 
performance. 

• Variations in wall thickness have been documented to have no significant impact on detection 
and sizing performance.  

• Individual imperfections, i.e. stacked defects, with a separation distance of 2 mm in any direction 
can be resolved. 

• It is demonstrated that imperfection shape and orientation within a margin of 5° are accurately 
determined by IWEX. 

• Surface ligament of sub-surface imperfections has been determined with accuracy of ±0.5 mm. 
• Root and cap reinforcement heights are demonstrated to be determined with an accuracy of 

about ±0.5 mm.  
• ID and OD surface misalignment are demonstrated to be determined with an accuracy of ±0.5 

mm.  
• No significant difference in sizing and detection performance has been observed for inspection 

with 4 MHz and 7.5 MHz probes. 
• The signal-to-noise levels achieved with both 4 MHz and 7.5 MHz setups and thin/thick wall 

thicknesses are not limiting carbon steel inspection.  
• The AUT system is documented to reliably detect any imperfection, regardless of length, down to 

0.66 mm in vertical height, defined by a 90% POD value at 95% confidence level. This assumes 
a recording level of 20%. 

• Imperfections with vertical heights below 0.5 mm and lengths above 10 mm have consistently 
been observed to be clearly detected. 

• Vertical height sizing accuracy is observed within the range -0.77 mm to +1.1 mm, defined as 
the 5% probability of under- and over-sizing. Mean over-sizing is found to be 0.17 mm. 

• Imperfection through thickness depth estimate has been observed within the range -1.99 mm to 
+1.50 mm.  

 

The qualification program has been designed to document insensitivity with regards to detection and 
sizing performance to weld geometry, imperfection orientation, positioning both in depth and horizontally, 
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shape and type and band offset. The program has covered 11 girth welds, all of different configurations: 
5 J-bevel narrow gap welds with bevel angles of 3°-8° and wall thicknesses of 21 mm and 41 mm, 5 V-
bevel welds with bevel angles of 15°-30° and wall thicknesses of 21 mm and 41 mm and 1 weld with 24” 
outer diameter and WT varying between 22.0 mm and 24.6 mm The defective welds and corresponding 
reference blocks have been subjected to trials for reliability, repeatability and heat influence. In total 156 
observations were included for further reliability analysis through macro sectioning. All scanning was 
witnessed by DNV GL and DNV GL decided from which locations macros were made. DNV GL performed 
the analysis presented in this report based on reporting by Applus RTD and macro sectioning reports by 
BKW.  

Evaluation of qualification trials results have first of all been focused on demonstration of compliance 
with the requirements of DNV-OS-F101:2013. POD and vertical height sizing accuracy have been 
evaluated for general applicability. In addition, a set of additional trials and data evaluation exercises 
were performed in order to assess the capabilities of IWEX which are considered to be improvements 
from conventional zonal discrimination AUT.  

These results are regarded valid for all future carbon steel girth weld projects, provided project specific 
prerequisites and certain prerequisites given in section  8.4 of this report are met. The qualified 
configurations are representative for a range of wall thicknesses up to 42 mm, and for pipes of diameter 
of 6” and above.  
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2 INTRODUCTION 
The Applus RTD IWEX (Inverse Wave field Extrapolation) automated ultrasonic testing (AUT) procedures 
have been subjected to qualification trials in order to establish the general performance of the system 
applied on carbon steel pipeline girth weld applications. IWEX is based on a presently non-conventional 
ultrasonic technique for the pipeline girth weld inspection application. With IWEX the inspection data is 
presented as images, either as 2D cross sections through the weld or as real tomographic 3D images. All 
data interpretation is performed from the images, using for instance extent, position and intensity of the 
imperfection responses. The purpose for this general qualification has been to independently establish 
and document the performance of the Applus RTD IWEX AUT system procedure according to 
requirements of DNV-OS-F101:2013 [1]. The full qualification program has been performed in two 
phases. The present report documents the final results from phase 2 of the program, which is a full-
blown qualification in accordance with DNV-RP-F118 [2] as far as applicable. IWEX performance is 
evaluated as stability upon repeated scans, stability upon elevated temperature, detectability and 
vertical height sizing uncertainty. The principles outlined in both the applicable standard and the RP 
documents are written for zonal discrimination AUT mainly, so some considerations have been made to 
accommodate tests to the distinctly different IWEX inspection concept. However, DNV GL will consider 
amendments to DNV-OS-F101 Appendix E and DNV-RP-F118 for ultrasonic imaging techniques on the 
basis of the experiences and results presented in this report. 

DNV GL has witnessed all trials and all scan interpretation, and has been invited to comment on all 
relevant documentation for IWEX and the qualification program. 

The results presented in this report are intended to be used as pre-qualification data for further AUT 
verification, or as complete documentation of AUT performance according to DNV-OS-F101 for future 
pipeline girth weld inspection projects upon pipeline owners discretion. 

 

3 BASIS 
The basis for this qualification work has been: DNV-OS-F101:2013 [1], Appendix E. In addition, the 
qualification has been completed in accordance with DNV-RP-F118 [2]. The guidance given in the 
Nordtest Tech Report 394 [3] is followed, as far as applicable. Further details were given on witnessing 
and guidance during the qualification work. 

 

4 OBJECTIVES 
The main objective of the qualification work has been to document the Applus RTD IWEX AUT system 
procedure performance for carbon steel pipeline girth weld inspection applications according to DNV-RP-
F118 [2] and the requirements of DNV-OS-F101 [1]. The results are attributed to the Applus RTD IWEX 
AUT procedures used during the qualification trials [4,5]. As a general qualification of the system, no 
girth weld acceptance criteria are involved in the evaluation of the performance. The performance is 
measured according to the methods attributed to different requirements given in the code, and the 
results should therefore be directly applicable for relevant applications with specific acceptance criteria.   

The basic requirements of DNV-OS-F101:2013 are: 

- A POD of 90% at a 95% confidence level (a 90%|95% POD) has to be documented for an 
imperfection height smaller or equal to the smallest allowable defect height in the group of 
imperfections in question. As an alternative, performance of rejection of weld defects can be 
evaluated against rejection criteria for AUT reported height, so called probability of rejection 
(POR). Corresponding to the POD requirement, for the applicable rejection height a POR of 85% 
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at a 95% confidence level has to be documented for the smallest allowable defect height of the 
defects in question. 

- The 5% limit against under-sizing of vertical defect height and the mean sizing inaccuracy have 
to be established. 

- Defect length sizing accuracy has to be established. 
- Stability at elevated temperature shall be demonstrated. 
- Maximum variation of ±2 dB for amplitude in repeated calibration scans with the reference block 

in 5G 12 o’clock and 6 o’clock positions, 6G and 2G positions, and for repeated scans on a 
defective weld with band offset of ±1 mm have to be demonstrated.  

 

Beside the requirements of DNV-OS-F101, the objective was witnessing of the critical qualification 
activities on site.  

 

5 ABBREVIATIONS 
AUT – Automated Ultrasonic Testing 

CW – Clock Wise 

CCW – Counter Clock Wise 

IWEX – Inverse Wave Field Extrapolation 

POD – Probability of Detection 

POR – Probability of Rejection 

TOFD – Time of Flight Diffraction 

FBH – Flat Bottom Hole 

FSH – Full Screen Height 

OD – Outside Diameter 

ID – Inner Diameter 

WT – Wall Thickness 

MLE – Maximum Likelihood Estimator 

ECA – Engineering Criticality Assessment 

HP – Hot Pass 

SDH – Side Drilled Hole 

SPA – Sampling Phased Array 

TFM – Total Focusing Method 

 

6 DESCRIPTION OF QUALIFICATION PROCESS 

6.1 IWEX AUT Particularities 
The Applus RTD IWEX concept is distinctively different from the conventional zonal discrimination AUT or 
AUT based on mechanised inspection utilising electronic scanning with phased array probes. While the 
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latter techniques are basically based on assessments of A-scans and amplitude signals in relation to 
beam angle and time of flight for single probes or focal laws, IWEX is an ultrasonic imaging technique. 
The technical details of the IWEX technique are described in the literature [6,7,8]. In short, ultrasonic 
imaging takes benefit from the capability of array probes to measure the main part of the complete wave 
field of scattered ultrasound at the pipe surface for each element separately. Images are constructed 
through back-calculation of the positions of the scattering features with basis in the captured wave field. 
The Applus RTD IWEX technique has similarities with techniques known as TFM (Total Focusing Method) 
[9] and SPA (Sampling Phased Array) [10]. 

Full coverage of the weld can be acquired if wave fields with origin from all parts of the weld are 
captured and processed. With IWEX this is ensured by back-calculation of up to 10 modes, which 
represent different beam paths of scattered signals. Inclusion of sufficient relevant modes makes IWEX 
insensitive to weld bevel configurations, since imperfections of all possible orientations can be detected 
in any scan as long as the relevant mode is processed upon scanning.  

A notable feature of IWEX compared with zonal discrimination AUT is the presentation of data as images, 
either as a 2D cross section of the weld or as real tomographic 3D images. Although software views can 
be configured to resemble similarities, imaging provides a different approach to sizing and interpretation 
of signals in scans.  

Furthermore, IWEX introduces a slightly different approach to sensitivity than conventional pulse echo 
UT, in terms of gain and reference levels. Optimal gain is not mainly determined by the response of a 
reflector of known shape, position and size. Nevertheless, the resulting image will have a dynamic range 
as the intensity of each indication in the image will be determined by how well any scattered signals 
captured by the entire range of array elements coincide. The gain to provide contrast and intensity in the 
image presented to the operator has to be optimised in order to provide the best detection upon 
scanning. It was found that response of reference reflectors in a reference block is still suitable for this 
purpose. 

 

6.1.1 Reference block 
A new reference block design has been developed for IWEX, which accommodates the modal concept of 
the imaging methods. This design includes one reference reflector for each of the 10 processed modes, 
in addition to reflectors to document coverage. The reflector responses are upon calibration used to align 
the gain settings for the modes relative to each other, and to set the contrast scale in the images upon 
scanning. For production scanning, the reference block is necessary to confirm a stable setup. The IWEX 
reference block design includes the following reference reflectors: 

Table  6-1: IWEX reference reflectors 

Mode Number Reflector Orientation Towards the Array Comment 

IWEX-0 2 (US/DS) 3 mm FBH, +45° at depth 4 mm from ID Surface Direct mode 
IWEX-1 2 (US/DS) 3 mm FBH, 0° at depth 2/3 WT Tandem mode, half skip  
IWEX-2 2 (US/DS) 3 mm FBH, -45° at depth 1/3 WT Skip mode 
IWEX-3 2 (US/DS) 3 mm FBH, 0° at depth 1/3 WT Tandem mode, over skip  
IWEX-0C 1 3 mm FBH, +90° at depth 2 mm from ID Surface Direct Cross mode 
IWEX-2C 1 3 mm FBH, -90° at depth 2 mm from OD Surface Skip cross mode 
 

The reference block also includes surface notches in HAZ at both ID and OD to document coverage in the 
HAZ, and through drilled holes (TDH) to document sensitivity along the full vertical direction of the weld 
cross section. In addition, the reference blocks used for the qualification included reflectors for 
conventional pulse echo channels intended to be used in the setup, i.e. TOFD and notches in the 
transverse direction. 
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6.2 Extent of Qualification Activities and DNV GL Witnessing 
The extent of qualification activities was agreed upon upfront, in accordance with DNV-RP-F118. The 
activities summarised in Table  6-2 have been performed by Applus RTD, and entirely witnessed by DNV 
GL: 

Table  6-2: Qualification Trial Summary 

Trial Content 

Repeatability, 5G 41.3 mm WT reference block in 5G position, 10 scans each with reference 
block centre at 12 and 6 o’clock positions. 

Repeatability, 2G & 6G 41.3 mm WT reference block in 2G and 6G positions, 3 scans each with 
reference block centre at 12 o’clock position (only applicable to 6G). 

Band offset trials, 21.3 
mm WT 

One nominal scan in 5G position with no band offset, 3 consecutive scans 
with band offset -3 mm and 3 consecutive scans with band offset +3 mm. 

Band offset trials, 41.3 
mm WT 

One nominal scan in 5G position with no band offset, each 3 consecutive 
scans with band offsets of ±3 mm, ±2 mm and ±1 mm. 

Temperature trials, 21.3 
mm WT 

15 cycles of a calibration scan on a reference block at ambient temperature 
followed by a scan of one defective trial weld heated to above 80ºC.  

Temperature trials, 41.3 
mm WT 

3 cycles of a calibration scan on a reference block at ambient temperature 
followed by a scan of one defective trial weld heated to above 80ºC. 

Reliability trials, 4 MHz Scanning of 8 defective welds of 21.3 mm WT and 2 defective welds of 41.3 
mm WT, both clockwise (CW) and counter-clockwise (CCW). Reference block 
scans upfront and after each weld scan.  

 

Reliability trials, 7.5 MHz Scanning of 8 defective welds of 21.3 mm WT, both clockwise (CW) and 
counter-clockwise (CCW). Reference block scans upfront and after each weld 
scan.  

 

Wall thickness range 
trials 

Scans on machined block and defective weld with considerable wall thickness 
variations with and without correction for wall thickness variations. 

 

Evaluation capability 
trials 

- Demonstration of detection and evaluation performance in terms of 
remaining flaw surface ligament  

- Misalignment measurement accuracy evaluation 
- Cap and root height measurement accuracy evaluation 
- Imperfection orientation and shape evaluation performance 
- Indication horizontal position determination performance 
- Performance with regards to discrimination of stacked flaws 

 

Probe separation 
distance trials 

 

Scans of the same weld with two different probe separations 
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In addition, the following activities were also a part of the scope, and have been witnessed by DNV GL: 

- Demonstration of integration of conventional probes with the IWEX setup 
- Interpretation of IWEX scans.  
- Selection of macro section positions based on official interpretation of scans. 
- Monitoring of macro location identification and mark-up by hard stamping on welds 

 

6.3 AUT Qualification Design 
 

6.3.1 General Considerations 
The qualification program has been designed to demonstrate full compliance with DNV-OS-F101:2013, 
Appendix E requirements, and to follow DNV-RP-F118. This means that all required trials have been 
performed, for documentation of stability upon repeated scans, elevated temperature, band offset, 
production and scans of defective welds and destructive testing of the required amount of imperfections.  

Ultrasonic imaging and IWEX is a new ultrasonic method for the application, and it has been clear that 
some of the requirements in the standard have been written with zonal discrimination AUT in mind. As a 
result, some of the required trials or criteria in the standard might be regarded as irrelevant for IWEX. 
These are still included in the program, in order to provide the required documentation of compliance 
with the standard. Furthermore, some additional trials have been included in the program in order to 
evaluate the impact of essential parameters specific to ultrasonic imaging techniques. The considerations 
made to get this qualification program in line with the overall principles and formal requirements of DNV-
OS-101 are given below.    

It should be mentioned that the qualification program has aimed for documentation of the most accurate 
sizing and detection possible within what is regarded as reasonable production rate. This means for 
instance that high sampling rates to provide optimal resolution have been selected at the expense of 
scanning speed.  

 

6.3.2 Defocusing 
Ultrasonic imaging introduces a different concept to control and measure quality of the inspection setup, 
compared to conventional zonal discrimination AUT. With conventional AUT, an optimal setup is largely 
dependent on the reference block design that represents the anticipated weld flaws as accurate as 
possible. Instabilities in the setup are characterised by variability in amplitude responses upon repeated 
scans. With IWEX, inspection quality is more related to image sharpness. While imaging at optimal 
conditions will provide sharp images, a sub-optimal setup will be characterised by a defocusing of 
features in the image. The imaging algorithm is based on a linear approximation, and anticipates tight 
control of the physical parameters of the probes, wedges and weld material and configuration. Any 
deviations from the assumptions in the imaging model will add to the defocusing. Some defocusing is 
inevitable, since it in practice is impossible to avoid inhomogeneities in material, surface and coupling 
conditions, probes etc. Essential parameters of ultrasonic imaging of materials that have an impact on 
defocusing are regarded to be: 

Probe characteristics 

Wedge characteristics 

Material wall thickness 
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Material sound velocity 

Material surface 

Pulse bandwidth 

Probe separation distance (i.e. distance between the front of the separate wedges) 

Temperature 

 

The extent of defocusing can be assessed by the point spread function, which is the spatial intensity 
distribution of the defocused image of a sharp point. The point spread function should be as narrow and 
well defined as possible to provide the best conditions for accurate sizing. This is most notable if the 
amplitude drop method is applied for height sizing. It has been observed that a wide point spread 
function will cause over-sizing in height as the signal becomes increasingly stretched. One way to bypass 
this issue is to perform height sizing using tip diffracted signals from the imperfections. For this reason, 
sizing based on tip diffractions is the preferred method, with the amplitude drop-off method being a 
fallback option. Diffracted signals have the benefit that they mainly become defocused in a different 
direction than the imperfection height direction. On the other hand, diffracted signals are weaker than 
the reflected signals so a sharp image is a prerequisite to resolve these signals. 

 

6.3.3 Defective Welds 
The full DNV-RP-F118 scope of minimum 122 flaws was performed with 8 welds of 24” OD 21.3 mm WT 
pipes. Performance of IWEX is regarded insensitive to weld bevel configuration, bevel angle and welding 
procedure in carbon steels in terms of anticipated imperfection orientations and occurring imperfection 
types. To cover this within the qualification program, it was decided to have 4 welds of V-bevel and 4 
welds of J-bevel configuration with different bevel angles. In addition, validity of the results of the full 
qualification scope was validated for a heavy wall thickness pipe configuration. This included a full DNV-
RP-F118 validation scope of minimum 29 flaws within 2 welds of 24” OD 41.3 mm WT, 1 weld of V-bevel 
and 1 weld of J-bevel configuration. Details of all welds are provided in the Table  6-3 below. The number 
of confirmed indications refers to the number of imperfections reported in the weld with IWEX, useful for 
qualification purpose. 

 

Table  6-3: Defective weld details, 24” OD 21.3 mm WT and 24” OD 41.3 mm WT 
Weld No. WT [mm] Bevel configuration No. Intended 

Imperfections 
No. Confirmed 
Imperfections 

1 21.3 J4 16 18 
2 21.3 J4 16 15 
3 21.3 J6 16 16 
4 21.3 J8 17 15 
5 21.3 V15 17 21 
6 21.3 V20 17 19 
7 21.3 V25 17 16 
8 21.3 V30 16 13 
9 41.3 V20 15 14 
10 41.3 J3 15 21 

  

The pipe wall thickness and fit-up of the pipes were tightly controlled, and the misalignment due to pipe 
out-of-roundness or wall thickness variations is considered to be minimal. The effect of pipe 
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misalignment was investigated with a separate trial that address the effect of wall thickness variations, 
which is described in paragraph  6.3.9. 

Intentional imperfections were planned in each weld in order to comply with the requirements of DNV-
RP-F118 [2] with regards to the number of imperfections spread over the full depth range and categories 
(root, cap and fill). Artificial flaws were induced either by manipulation of welding parameters or by 
careful EDM notching to desired flaw height, orientation and at desired depth along the weld bevel. Upon 
review of the macro sections, the artificial lack of fusion type of imperfections was in general confirmed 
to be relevant with regard to position, orientation and shape. 

Positions for macro sectioning were marked up on the weld using the IWEX scanner, to recognize the 
precise position. It might be a bit time consuming to identify the maximum height position from the 
IWEX scans, as it implies assessments of information in several modes. During mark-up with the scanner, 
the position was therefore identified through a direct comparison with the image in the offline IWEX scan 
used to identify the positions. For most selected imperfections, 3 salami slices were done for each macro 
section position, at 2 mm distance between each macro. A few indications with observed stable shape 
and vertical height over the full length were sectioned with 1 slice. All imperfections chosen for macro 
sectioning have been given unique ID-numbers, containing the imperfection weld number and the 
imperfection number as reported in the IWEX report.  

Weld macro cross sections and attributed reporting were prepared by BKW in Bremen. Prior to macro 
sectioning, the ID-number for the macro and the position for each macro section were hard stamped in 
the material close to the weld.  Section slices were cut, ground and etched before they were 
photographed. DNV GL has monitored all parts of the macro sectioning process. 

 

6.3.4 Probes 
The IWEX procedure can be operated with a range of phased array probes. As with conventional UT, the 
probe is regarded as an essential parameter for ultrasonic imaging. Notably, higher frequencies allow for 
higher resolution images. However, this will be on the expense of scan speed as higher frequencies will 
require higher spatial sampling for generating the pixels in the image. The restriction is in the capacity of 
the hardware and computational power. Probe frequency might also be restricted by the size of the 
inspection area of the same reason. This was observed with heavy wall thickness pipes and with wide 
welds.  

In order to cover inspection and sizing performance for a range of frequencies, all welds within the full 
qualification scope (21.3 mm WT) were scanned with both 4 MHz and 7.5 MHz probes. The heavy wall 
thickness pipes (41.3 mm WT) were inspected with 4 MHz probes only, due to the large size of the weld.  

The qualification program is mainly focused to assess performance with the 4 MHz probe, since this is 
regarded to be the optimal frequency for the weld dimensions included in the qualification program. 
Furthermore, lower frequency probes are more feasible for field application of IWEX providing reasonable 
inspection speed. Higher frequency probes might be an option for thin wall pipes. 

 

6.3.5 Signal-to-noise 
The signal-to-noise ratio can be derived directly from the IWEX images, when assessing the background 
intensity compared to the reference level. The appearance of images can be manipulated through 
adjustments on the color slider. The color slider provides the conversion from intensity (%FSH) to color 
in the image. It also provides the possibility to set the interval where the color palette is active within 
the full dynamic range in the images from 0%-400% FSH. This is a useful tool for scan interpretation, as 
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it offers the possibility to exaggerate relevant indications and suppress noise in images. For the latter, all 
scans were evaluated to establish the color slider settings useful to remove general noise in the images. 
In principle, this done by adjustment of the lower level in the interval, which has to be set above the 
noise level in order to remove all signals below in the presentation. Saturation of signals shall per default 
be on reference level, i.e. 80% FSH. It should be noted that manipulation of the color slider will not 
manipulate the scan data itself, it will only affect how the data is presented on the screen. 

For general information, all IWEX images presented in this report are captured with a color slider range 
of 5%-80% FSH. 

 

6.3.6 Repeatability Consistency Trials 
Consistency trials with repeated scans on reference block were performed with 5G, 2G and 6G pipe 
positions as required in DNV-OS-F101:2013 Appendix E. The reference block for the 41.3 mm WT pipe 
was used for this trial. The heaviest wall thickness reference block in the program was selected, since it 
is regarded as the most challenging configuration in terms of stability upon repeated scans. 

Ultrasonic imaging is not considered as amplitude-based the same way as pulse echo or pitch-catch UT 
setups. A robust setup will indeed give stable intensities in the image of reflector responses upon 
repeated scans with IWEX. However, the meaning of the intensity in the IWEX image is not fully 
equivalent to amplitude response with angled ultrasonic beams. A ±2dB criterion has therefore 
potentially another meaning within an IWEX image, and is considered as less relevant than with 
conventional UT. Regardless of this, the ±2dB criteria was employed for this qualification with the 
maximum intensity of reference reflector image upon repeated scans to document compliance with DNV-
OS-F101:2013 requirements. The gain was set such that the reference reflectors showed up with an 
intensity of 80 %FSH in the image, with a dynamic range of intensity in the image of 0-400 %FSH.    

A more relevant measure of a stable and well controlled setup might be a stable point spread function 
upon repeated scans. This is regarded to impact the ability to consistently size the same imperfections 
upon repeated scans using the -6dB drop method. All reference reflectors in the consistency trial scans 
were also evaluated on size in addition to intensity. A ±0.5 mm sizing variation criterion was introduced 
for this purpose, and applied to all consistency trial series. In addition, imperfection sizing in clockwise 
(CW) and counter-clockwise (CCW) scans of a defective weld was compared to assess the consistency in 
vertical height sizing.  

  

6.3.7 Band Offset Trials  
Band offset trials were performed with both 4 MHz and 7.5 MHz probe setups, with V-bevel defective 
welds of 41.3 mm and 21.3 mm wall thickness respectively. Furthermore, band offsets of ±3 mm were 
investigated. Band offsets of ±2 mm and ±1 mm were also tested with the 4 MHz setup. The effect of 
band offset was assessed as deviations within the repeated scans in measured flaw height of 6 selected 
flaws. 

The nominated weld for this trial was weld number 9, with V20 bevel preparation. The weld configuration 
with a wide bevel combined with a heavy wall thickness was considered as the most conservative 
configuration for this trial, and represents an extreme case with regards to probe separation and 
sampling rates. Imperfections for evaluation were selected to cover all parts of the weld, i.e. OD and ID 
surface area and embedded parts of the weld. 6 imperfections are taken from a representative range of 
imperfection heights, listed in the Table  6-4 below.  

A validation trial series of 3 scans with ±3 mm band offset was performed with the 7.5 MHz probes and 
21.3 mm WT V25 defective weld number 8. The intention with this scan series was to document validity 
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of results for the 7.5 MHz probe. Details of the included imperfections for evaluation are provided in 
Table  6-5. 

Table  6-4: Imperfections Included in Band Offset and Elevated Temperature Trials, Weld 9 

ID Scan Position Length [mm] Depth [mm] Height [mm] 
1 98.2 11.3 2.3 2.5 
2 518.6 47 42.2 2.8 
3 885.7 33.6 18.3 3.1 
4 967.7 37.3 30.1 2.8 
5 1332.4 20.6 10.1 2.6 
6 1472.3 81.4 42    1.6 

 

Table  6-5: Imperfections Included in Band Offset and Elevated Temperature Trials, Weld 8 
ID Scan Position Length [mm] Depth [mm] Height [mm] 
1 41.4 92.9 20.9 5.2 
2 311.2 12.2 3.6 1.9 
3 596.7 20.8 5 2.3 
4 1058.2 1.5 16 2.9 
5 1233.5 46.6 15.1 3.4 
6 1309 10 7.7 2.3 
7 1711.5 29.2 8.6    4.6 

 

Band offset is regarded as insignificant and irrelevant for IWEX inspection performance, since a 
horizontal shift of the probe arrangement over the weld will cause nothing more than a horizontal shift of 
the captured image. The two probes will stay positioned on each side of the weld with any band offset, 
so full coverage is ensured. The trial was still performed in order to demonstrate compliance with the 
present standard requirements.  

With IWEX, probes should be positioned on each side of the weld with an as small as possible separation 
in order to ensure that as much as possible of the wave field at the surface is captured. An unnecessary 
large probe separation distance will therefore cause loss of information, which might have an impact on 
image sharpness (defocusing). Due to this, there is no risk of considerable band offset upon scanning 
with a good setup, as there is limited space available between weld cap and the probes.  

A related and more relevant test for IWEX is to investigate the impact on excess probe separation 
distance. This test was performed within the qualification program, more details are provided in 
paragraph  6.3.10.  

 

6.3.8 Temperature Trials 
The elevated temperature trial was performed with a pipe temperature of 80 °C, 4 MHz probe setup and 
with the V-bevel defective weld of 21.3 mm wall thickness. The effect of elevated temperature was 
assessed as deviations within the repeated scans in measured flaw height of 6 selected flaws. The 
nominated weld for this trial was weld number 8, as with the band offset trial. The imperfections used for 
evaluation are given in Table  6-5. 

Elevated temperature is regarded as a critical parameter to ultrasonic imaging due to the potential 
impact on sound velocities in both pipe and wedge material. Following the same reasoning as for the 
consistency trials, paragraph  6.3.6, the impact on imperfection response during upon elevated 
temperature has been evaluated as deviations in sized imperfection heights. 
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A small validation trial of 3 cycles of scan on ambient temperature reference block followed by a scan on 
a heated weld was performed on the heavy wall setup with 4 MHz probes and 41.3 mm WT V-bevel 
defective weld number 9. Details of the included imperfections for evaluation are provided in Table  6-4. 
This weld was not used for the full trial for practical reasons, as both heating and scanning were 
impractically more lengthy than with 21.3 mm WT setup.  

 

6.3.9 Wall Thickness Variation 
A separate demonstration was performed to evaluate the effect of wall thickness variations on imaging, 
sizing and detection. This trial is not a requirement of DNV-OS-F101, neither a part of the DNV-RP-F118. 
The trial included one scan on a test block of nominal wall thickness 19.5 mm with an open J4 bevel and 
with the outer surface machined to give varying wall thickness of 19.5 mm ±3 mm, i.e. in the interval 
16.5 mm and 22.5 mm on both sides. Furthermore, one defective weld of 24” OD and nominal wall 
thickness 23.1 mm including highly variable wall thickness was scanned. Wall thickness variations in this 
weld were within 23.1 mm -0.6/+0.9 on US and 23.1 mm -1.1/+1.5 DS.   

Wall thickness is a parameter for beam path calculation, and variations from nominal thickness will affect 
the various modes differently. For instance, it will have no impact for the mode without skip in the back 
wall. Contrary, it will disturb the focusing for the tandem mode. Since most of the modes are considered 
to be affected by wall thickness variations only to a limited extent, imperfection characterisation and 
height sizing have been considered to be only marginally affected as well. The effect was disregarded for 
the full qualification scope by machining of the wall thickness of pipes for the defective welds.  

The trials included a test of a software module to IWEX that compensates the influence of wall thickness 
variation. This module was demonstrated on the weld sample with variable wall thickness described 
above. Scan results derived from corrected and un-corrected images were compared. Height sizing was 
performed according to the AUT procedure on all indications in the defective weld with WT variations for 
both WT corrected and un-corrected scans. In addition, 4 of the indications were macro sectioned for 
reference. 

 

6.3.10 Probe Separation Trial 
A separate demonstration was performed to evaluate the effect of variations in probe separation over 
the weld cap on imaging, sizing and detection. This trial is neither a requirement of DNV-OS-F101, nor a 
part of the DNV-RP-F118. The trial included two scans on the V15 defective weld, one with a setup 
including a probe separation of 30 mm and one with a separation of 40 mm.  

 

6.4 Additional IWEX Interpretation Capability Assessment Trials 
A series of additional trials were included in the program to specifically assess capabilities with regards 
to accurate evaluation and interpretation of images. These trials included specific reporting of identified 
features in the scan, and subsequent macro sectioning. Results of these trials are provided in 
section  7.14.  

 

6.4.1 Stacked Flaws 
5 locations with stacked flaws identified in the same image cross section were selected for careful 
individual interpretation of all indications at the exact location. The positions were subject to subsequent 
macro sectioning. IWEX capability of resolving individual indications in case of stacked flaws was 
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assessed by a comparison between reported imperfections from the ultrasonic images and macro 
sections.   

The capability to better discriminate between individual flaws at the same location is claimed to be one 
of the benefits of IWEX compared to zonal discrimination AUT. This trial was included in the qualification 
program in order to ensure that this issue would be covered by the macro sectioning. 

 

6.4.2 Flaw Orientation 
5 locations with planar flaws of distinctively different orientations were selected for evaluation of flaw 
orientation. The positions were subject to subsequent macro sectioning. IWEX capability with regards to 
evaluation of imperfection orientation was assessed by a comparison between reported indications from 
the ultrasonic images and macro sections.   

The capability to provide fairly accurate information about flaw orientation is claimed to be one of the 
benefits of IWEX compared to zonal discrimination AUT. This trial was included in the qualification 
program in order to ensure that this issue would be covered by the macro sectioning. 

 

6.4.3 Imperfection Characterisation (Shape and Horizontal Positioning) 
5 locations of various flaw types with different position in the horizontal direction of the weld cross 
section were selected for evaluation of capability of flaw characterisation and horizontal positioning. This 
included positions clearly on US and DS side, in addition to indications close to the weld center line. 
Characterised flaw types included volumetric flaws and copper inclusions. The positions were subject to 
subsequent macro sectioning. IWEX capability with regards to flaw characterisation was assessed by a 
comparison between reported imperfections from the ultrasonic images and macro sections.   

The capability to more accurately determine imperfection type, aided by more precise information about 
the exact position in the weld is claimed to be a benefit of IWEX compared to zonal discrimination AUT. 
This trial was included in the qualification program in order to ensure that this issue would be covered by 
the macro sectioning. 

 

6.4.4 Cap and Root Reinforcement Heights and Misalignment Estimate 
Cap and root height and any present hi-lo were evaluated on 5 locations selected for macro sectioning. 
In addition, misalignment (hi-lo) was measured on ultrasonic images and compared with macro sections 
from one of the welds used in phase 1 of the qualification program. This weld had ID number DW02, 
pipe configuration was 24” OD x 19.1 mm WT. Evaluation of misalignment was not considered for phase 
1, and pipe misalignment was avoided for the welds of phase 2.   

The capability to measure cap and root height and hi-lo directly from the ultrasonic image, is thought to 
be a benefit of IWEX compared to zonal discrimination AUT. This trial was included in the qualification 
program in order to assess this capability. 

 

6.4.5 Surface Ligament Measurement 
5 locations each of indications either close to the ID surface or the OD surface were selected for 
evaluation of remaining ligament to the surface. The positions were subject to subsequent macro 
sectioning. IWEX capability with regards to measurement of surface ligament of sub-surface indications 
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near the ID and OD surfaces was assessed by a comparison between reported indications from the 
ultrasonic images and macro sections.   

The capability to provide more accurate measurement of surface ligament is claimed to be one of the 
benefits of IWEX compared to zonal discrimination AUT. This trial was included in the qualification 
program in order to ensure that this issue would be covered by the macro sectioning. 

 

6.5 Induced Imperfections Summary 
Intended and non-intended observations were selected for macro sectioning, to comply with the 
requirements of DNV-OS-F101:2013 with regards to distribution in size, type and positions. The actual 
distribution of observations in the POD and sizing accuracy evaluation were confirmed through the macro 
sectioning.  

The amount of planned and confirmed number of imperfections within the 10 trial welds are provided in 
Table  6-3. The welds were made with a target of 162 imperfections in total, which were evenly 
distributed at all depths. The IWEX scans showed clear indications of 167 imperfections. In addition, 
there was observed considerable unintended scattered porosity in some of the welds, in particular for the 
V-bevel weld configurations. 

All 167 confirmed imperfections were selected for macro sectioning. 12 of the positions had 2 indications 
at the same location, so the number of macro section locations was 155. Among the 12 positions with 2 
indications, one target indication was selected and macro sectioned at maximum. The secondary 
indication was height sized at the same location as the primary maximum, regardless of its own 
maximum location. 

Upon macro sectioning, 9 locations were not confirmed by macro sectioning. These are considered to be 
due to inherent inaccuracy in mark-up for macro sectioning on short indications. 1 indication of Cu 
inclusion was disregarded for further analysis. Ultrasonic testing is in general not suitable for this 
imperfection type, as the ultrasound cannot distinguish between copper and steel. Among the 12 
positions with double indications, 1 of the secondary indications was considered as questionable and 
disregarded for analysis. The total number of observations for the analysis was therefore 156. 

The intended imperfections were distributed evenly along the vertical axis of the weld, i.e. at different 
depths, in order to evaluate consistency in AUT reporting with depth. An evaluation of imperfections at 
and near the surfaces was performed after macro sectioning. ID surface and OD surface areas were 
defined as the areas within 2 mm from the surface.  

6.6 Analysis Extent 
6.6.1 Repeatability and Temperature Trials  
DNV-OS-F101 requirements for reference block consistency trials is that all deviations shall be within 
±2dB upon repeated scans.  

For band offset and elevated temperature trials, deviations in height sizing for selected imperfections 
shall not exceed overall sizing tolerances.   

 

6.6.2 90% POD at 95% Confidence 
Probability of Detection (POD) analysis has been performed to comply with the requirements in DNV-OS-
F101. The main purpose of a POD analysis is to document reliable detection of critical imperfection 
heights, for instance as derived by ECA for project specific acceptance criteria. The imperfection height 
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at 90% POD at the 95% confidence level is regarded as the reliably detected imperfection height by the 
AUT system. The method applied for the present POD-analysis is described in the Nordtest technical 
report 394 [2]. The statistical model used in the analysis was the one recommended in the Nordtest 
document [2]: 

 

 

 

For the expression above, x is the imperfection size, and b and x0 are the parameters to be fitted to the 
trial data. Hit-miss refers to the outcome of inspection of an imperfection with a certain size by the AUT 
system, the imperfection is either detected (hit) or not detected (miss). For instance for pulse echo 
detection, a “hit” corresponds to an imperfection signal response above the reporting amplitude 
threshold, while a “miss” corresponds to imperfections with signal below the threshold. For TOFD 
detection, a hit would typically be when an imperfection gives a defined signal at the scan, while a miss 
would be the opposite case. For the present POD analysis, hit and missed imperfections are each 
attributed to an imperfection height which is the reference imperfection height as measured at macro 
sections. 

The parameters b and x0 are fit to the statistical model through the method of the maximum likelihood 
estimator (MLE) using hit-miss AUT detection data. The maximum likelihood estimator (MLE) is found by 
selecting the parameters b and x0 such that the total probability of the occurrence of the observed data 
is maximized, given the model for POD above: 
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For this expression, k is the total number of observed imperfections, nj is the number of observed 
imperfections at flaw size xj, ij is the number of detected (hit) imperfections at the same flaw size xj, pj is 
the probability of detection for xj as a function of the parameters b and x0. For practical reasons it is 
preferable to calculate further with the logarithmic MLE: 

∑
= 











−−++










=

k

j
jjjjj

j

j pinpi
i
n

L
1

)1ln()(lnlnln  

 

The most optimal estimates for the parameters b and x0 are then found by solving the expressions for 
the partial derivatives of L as functions of b and x0 set equal to 0. 

The confidence band can be calculated from the MLE, assuming L is normally distributed.  

The statistical model allows POD to be evaluated as a function of the imperfection height, and presented 
as a curve. 90% POD at 50% confidence refers to the actual fit between the collected hit-miss data and 
the statistical model used. The 95% confidence interval includes the uncertainty referred to the amount 
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of collected data and how well the data fits to the estimated POD. A larger amount of data together with 
a closer fit to the model will give a confidence band closer to the estimated POD-curve. There is usually a 
considerable amount of conservatism in the detectability requirement of 90% POD at 95% confidence 
level for the smallest acceptable imperfection height.  

 

6.6.3 85% POR at 95% Confidence 
So called Probability of Rejection (POR) is in principle the same approach to reliability evaluation as POD. 
POR involves hit-miss data and the same statistical model as presented in paragraph  6.6.2 to evaluate 
the qualification data. The difference between POD and POR is the threshold applied for hit and miss. For 
POR the threshold is set for AUT reported imperfection height rather than amplitude. When applied in 
qualification trials, the criterion for the smallest allowable imperfection size is at least an 85% POR at a 
95% confidence level, according to DNV-OS-F101. The 85% POR accounts for both a 90% POD and a 95% 
probability of avoiding under-sizing. The imperfection height at 85% POR at 95% confidence level shall 
be equal to or below the smallest “allowable” imperfection height in the acceptance criteria. POR will thus 
not necessarily say anything about the smallest imperfection that is possible to detect with the system at 
a certain set-up.  

 

6.6.4 Imperfection Height Sizing Accuracy 
In DNV-OS-F101 height sizing accuracy is attributed to the project specific acceptance criteria which are 
derived by ECA. It is specified that the AUT system shall show reliable detection of the smallest 
“allowable” imperfections according to the acceptance criteria with less than 5% probability of under-
sizing. Evaluation of imperfection height sizing accuracy is done by a comparison between the 
imperfection height as measured by AUT and the reference imperfection height measured on macro 
sections. The macro section with the highest measured indication will be used as the reference when 
there are more than 1 macro sections made at one imperfection position. Sizing inaccuracy is defined as 
the reference imperfection height from the macro subtracted from the AUT measured imperfection height. 
A negative sizing inaccuracy will then indicate under-sizing. The sizing inaccuracy is assumed to be 
normally distributed, and the 5% probability should in principle be found from the normal distribution. In 
cases where the sizing data does clearly not follow normal distribution, the observed 5% percentile 
might be used instead.  

With regards to the workmanship type accept criteria of DNV-OS-F101 a prerequisite for use of these 
acceptance criteria are a documented sizing accuracy within ±1 mm, defined as the less than 5% 
probability of under- and over-sizing. 

 

6.6.5 Imperfection Depth Position Estimate Accuracy 
The accuracy in the AUT reported depth estimate compared to defect depth measured on the macros has 
been evaluated the same way as for defect height sizing. In AUT reports, the reported defect depth is 
the vertical distance from the outer surface to the lowest part of the defect. Depth sizing accuracy is only 
regarded to be relevant for embedded defects, as the depth of surface breaking defects at the inner 
surface is known to the operator. Surface breaking defects at the outer surface (OD surface) have been 
included in the analysis, difference in reported depth and macro result is usually identical to the height 
sizing accuracy for this type.  
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6.6.6 Imperfection Length Sizing Evaluation 
Imperfection length sizing accuracy has been evaluated on one weld imperfection, which has been macro 
sectioned at both ends. A direct comparison of length estimated from IWEX scan and the actual length 
derived from destructive testing has been performed. The AUT procedure specifies that length sizing 
shall be performed by boxing of indications, using an evaluation threshold.  

 

6.6.7 POD and Height Sizing Accuracy in Use 
Both POD and height sizing accuracy are intended to be used with project specific acceptance criteria 
which are derived by ECA. 

The POD is a statistical description of the AUT system's ability to reliably detect a flaw of a certain size. 
The purpose of a POD evaluation is to document that the AUT system is capable to reliably detect the 
imperfections of critical sizes according to applicable acceptance criteria with applied rejection thresholds. 
The important parameter in this context is that the imperfection height at 90% POD at 95% confidence 
level is equal or smaller than the smallest rejectable (ECA) imperfection size.  

The purpose of the height sizing accuracy value, under-sizing allowance, is to adjust the ECA derived 
imperfection sizes of the acceptance criteria to assure that all flaws exceeding the smallest ECA allowable 
flaw are rejected. For instance, if the smallest rejectable ECA imperfection size is 1.0 mm and the under-
sizing allowance is 0.3 mm, the smallest allowable imperfection size at AUT inspection has to be 1.0mm-
0.3mm = 0.7 mm. When it comes to POD, the AUT system is qualified for use as long as the 90%|95% 
POD imperfection height is at most 1.0 mm, which is the smallest rejectable ECA imperfection size.   

The results of this general qualification are applicable to workmanship style acceptance criteria according 
to DNV-OS-F101 Appendix E as well. The workmanship approach is a bit different than the fitness-for-
purpose approach offered by ECA, as the workmanship acceptance criteria are attributed to requirements 
to the AUT procedure, according to applicable standards and specifications. Conservatism is in principle 
ensured by the requirements according to the standard rather than the demonstrated performance at 
the qualification. AUT used in combination with workmanship style acceptance criteria should not be 
performed with a higher than 40% FSH reporting threshold. All indications with response above the 
reporting threshold shall be evaluated against the acceptance criteria on both height and length. This 
means that a imperfection that exceeds the acceptance criteria in length shall be rejected regardless of 
its AUT height and vice versa. Concerning POD, the AUT system shall be capable of detecting the largest 
allowable imperfection according to the workmanship acceptance criteria, at a 90% POD at a 95% 
confidence level. For the qualified configuration the largest allowable imperfection height in Table E-1 of 
Appendix E, DNV-OS-F101 is 3 mm. 

 

6.7 Analysis Considerations 
All kind of imperfection types and sizes are included in the full analysis, except for copper inclusions. The 
presented results should therefore be regarded as representative for all kind of imperfections at all 
different depth and lengths. 

The POD analysis has been performed using a recording threshold on intensity in image. Detection is 
considered to depend on contrast in the image, which is provided by the intensity compared to the noise 
level in the image. The weakest indications used for detection and sizing have been identified at a level 
comparable to 6 dB above the general noise level in the images (when disregarding artefacts). Recording 
levels of intensity/amplitude levels down to 20% has been applied, in order to ensure observations of 
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clear detection in the analysis. The distinction between detected (hit) and disregarded (miss) has been 
done by evaluation of the intensity in the strongest mode against the recording threshold. The detection 
borderline is considered to be at detection of single pores.  

A generic POR analysis has been performed for the range of rejection imperfection heights from 0.4 mm 
to 4.0 mm. The analysis was carried out with a step size of 0.2 mm within the range. This range was 
selected since consistent 85%|95% results were documented within the full range. The data allowed for 
an extension to 5.0 mm rejection size, since 17 of the indications are above 4.0 mm. However, the 
analysis shows that the relatively low number of large observations causes considerable inaccuracies in 
POR estimates for rejection thresholds above 4.0 mm.   

Height sizing has been performed according to the procedure [5]. The order of the modes to be used for 
sizing is specified, and the preferred method is based on tip diffractions. The clearest signals are often 
provided by the cross modes. If clear cross mode signals are not provided, height sizing shall be 
performed with tip diffracted responses observed from one side of the weld. Some decrease in sizing 
accuracy has been observed in this case. 

An alternative method for sizing, which has been avoided during this qualification, is box-sizing of the 
vertical height by the 6 dB drop-off method in the strongest mode in which the imperfection is detected. 
The results presented in this report are therefore not applicable in general for drop-off sizing, which is 
more dependent on directly reflected responses. 

For the analysis of depth estimate accuracy, all surface breaking indications at the ID surface have been 
disregarded from analysis. This has been done since these indications are automatically given the wall 
thickness as the depth, and are therefore irrelevant for the evaluation of depth estimate accuracy. The 
analysis therefore includes buried and OD surface indications, in total 132 observations. 

For imperfection length sizing, a fixed reporting threshold has been used.   
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7 QUALIFICATION RESULTS 

7.1 Elevated Temperature Trial Results 
The elevated temperature trial scans shows good consistency between scans at ambient temperature 
and scans at elevated temperature. This is illustrated in Figure  7-1, which includes the measurements of 
maximum measured height of the selected imperfections in the nominated weld 8 at an elevated 
temperature at above 80˚C. The results from the validation trial on the 41.3 mm WT weld 9 are given in 
the same figure. 

Figure  7-1 shows the maximum AUT height for the same indications within the 15 scans, and a range in  
height of ±0.5 mm from the ambient scan. All measurements at the elevated temperature were found 
within ±0.5 mm from the scan at ambient conditions, which is within the same range of fluctuations in 
height sizing as documented in the consistency trials, paragraph  7.2. This result was validated for the 
41.3 mm WT heavy wall setup. More details about the trials are found in Appendix B. 

Heating was performed by gas heaters. Temperature was confirmed on at least 4 random locations on 
the weld and pipe. Spot checks of temperature during trials showed wedge temperatures not higher than 
20˚C. 

The time for each cycle, including heating of the pipe with a gas burner, one calibration scan and one 
weld scan, was mostly kept below 15 minutes for the 21.3 mm WT setup, and around 25 minutes for the 
41.3 mm WT. The conditions used are regarded as representative to the conditions at field inspections. 
Cycle times for the complete trial are tabulated in the Table  7-1 below. 

Table  7-1   Cycle Times Elevated Temperature Trials 
Scan No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Cycle time [min] - 15:24 14:46 13:55 13:17 13:41 14:35 15:23 14:01 14:47 14:26 14:11 16:12 15:38 14:38 
Temperature 
[°C] >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 

 

     

Figure  7-1: Elevated temperature repeatability and ambient scan, defective welds.  Primary 
detection channel for indications indicated. Right: Full qualification series with 21.3 mm WT 
setup, Left: Validation series of 3 consecutive scans with 41.3 mm WT setup. 
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7.2 Repeatability Trial Results 
7.2.1 Reference Block Repeated Scans 
The pre-examination repeatability consistency test scans on reference blocks show good consistency for 
repeated scans with IWEX, with no deviation from initial calibration sensitivity at 80% FSH more than ±2 
dB when considering the intensity level in the image. Sizing of the reference reflectors has been 
performed as well, and consistent sizing well within ±0.5 mm is observed. The results with both 
amplitude and height sizing are presented graphically in Figure  7-2, Figure  7-3, Figure  7-4 and 
Figure  7-5, details are provided in Appendix A. Please note that reflectors 0C and 2C are not height sized, 
as they have no vertical component.  

  

Figure  7-2: Consistency trial results, 10 scans with the reference block at 5G position, 12 
o’clock start position. 

 

  

Figure  7-3: Consistency trial results, 10 scans with the reference block at 5G position, 6 
o’clock start position. 

 

0
10
20
30
40
50
60
70
80
90

100
110
120

1DS 3DS 0DS 2DS 2C 0C 2US 0US 3US 1US

M
ax

 IW
EX

 In
te

ns
ity

 [%
FS

H]
  

Reflector ID 

Reference Block Consistency 5G 12 o'clock 

Initial Intensity
± 2dB

1

2

3

4

5

6

7

8

1DS 3DS 0DS 2DS 2US 0US 3US 1US

M
ax

 IW
EX

 H
ei

gh
t [

m
m

] 

Reflector ID 

Reference Block Consistency 5G 12 o'clock 

Initial Height
± 0.5 mm

0
10
20
30
40
50
60
70
80
90

100
110
120

1DS 3DS 0DS 2DS 2C 0C 2US 0US 3US 1US

M
ax

 IW
EX

 In
te

ns
ity

 [%
FS

H]
  

Reflector ID 

Reference Block Consistency 5G 6 o'clock 

Initial Intensity
± 2dB

1

2

3

4

5

6

7

8

1DS 3DS 0DS 2DS 2US 0US 3US 1US

M
ax

 IW
EX

 H
ei

gh
t [

m
m

] 

Reflector ID 

Reference Block Consistency 5G 6 o'clock 

Initial Height
± 0.5 mm

DNV GL  –  Report No. 2015-4316, Rev. 0  –  www.dnvgl.com  Page 20 
 



 

 
 

  

Figure  7-4: Consistency trial results, 3 scans with the reference block at 6G position. 

 

  

Figure  7-5: Consistency trial results, 3 scans with the reference block at 2G position. 

 

 

7.2.2 Band Offset  
The series of band offset scans shows that deviations in maximum AUT measured height from 6 
imperfections in weld 9 are well within ±0.5 mm from the height measurement at no band offset. No 
significant differences are observed in results between series of band offsets of ±1 mm, ±2 mm and ±3 
mm. It is concluded that band offset has no impact on IWEX performance. The results are illustrated in 
Figure  7-6. 

These results are validated for a band offset of ±3 mm for the 7.5 MHz probe setup used on the 21.3 
mm WT Weld Number 8, Figure  7-6. This also qualifies the setup with 4 MHz probe for the 21.3 mm wall 
thickness. Details of the trials are provided in Appendix A.   
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Figure  7-6: Band offset trials results for band offsets of ±1 mm, ±2 mm and ±3 mm for 4 MHz 
setup on 41.3 mm WT weld and ±3 mm for 7.5 MHz setup on 21.3 mm WT weld. 
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7.3 Detectability 
The general Probability of Detection (POD)-curve includes imperfection observations of all types and at 
all depths of the weld, Figure  7-7. The analysis shows the imperfection height corresponding to a 90% 
POD at 50% confidence level at 0.51 mm, which is the actual fit to the present results. The 90% POD 
imperfection height with 95% confidence is at 0.66 mm. The recording level of 20% refers to the 
intensity set to 80% for reference reflectors. Selection of the recording level is further discussed in 
paragraph  7.9. 

The general POD curve is regarded valid for all zones and areas (root, buried and cap) of the weld, all 
types of imperfections except Cu inclusions and all lengths of imperfections.  

The detection limit is observed to be for single pores with diameters below 1.0 mm. It should be noted 
that planar indications with some length, measured down to 10 mm are consistently reported with 
documented vertical imperfection heights below 0.5 mm. 

 

Figure  7-7: General POD curve 
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7.4 Height Sizing Accuracy 
The general height sizing accuracy (the 95% limit against under-sizing) is estimated at -0.77 mm under-
sizing, Figure  7-8. The mean height sizing error is found at 0.17 mm, with a standard deviation of 0.57 
mm.  

 

Figure  7-8: General height sizing accuracy plot. 

 

7.5 Length Sizing Accuracy 
Length sizing accuracy was evaluated with macro sectioning on one indication. This was a surface 
breaking lack of penetration type of imperfection at the ID surface, indication M035 in weld 1 (21.3 mm 
WT). AUT reported length was 64.7 mm, while macro sectioning confirmed a length of 65 mm.  
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7.6 Probability of Rejection Analysis 
Figure  7-9 shows how the estimated POR-values at 50% and 85%, both at 95% confidence level, vary 
with increasingly set defect height rejection thresholds from 0.4 mm to 4.0 mm in steps of 0.2 mm. Each 
result is indicated with a dot. The X-axis keeps the values for the AUT rejection thresholds, while the Y-
axis keeps the estimated defect heights at the specified POR (85% or 50%).  

 

Figure  7-9: POR results of 85%|95% POR and 50%|95% POR for AUT height rejection 
thresholds from 0.4 mm to 4.0 mm. 

 

The in general precise height sizing of IWEX is found to provide good conditions for accurate POR 
analysis. The results in Figure  7-9 show in general a good correspondence between rejected actual 
imperfection size and AUT rejection threshold. Roughly, it is documented that for a rejection threshold of 
2.0 mm, imperfections larger than +0.5 mm (i.e. imperfections larger than 2.5 mm with 2.0 mm 
rejection threshold) are consistently rejected, while for larger rejection thresholds imperfections larger 
than +1.0 mm are consistently rejected.  

 

7.7 Depth Position Accuracy 
The inaccuracy in depth position estimate is on average at -0.24 mm, with a standard deviation of 1.06 
mm. The negative sign of the average value means that AUT tends to indicate the defect position a bit 
higher in the weld than the actual position. The AUT reported defect depth is mainly estimated at 
accuracy within +1.50 mm and -1.99 mm, as shown in Figure  7-10. The results are valid for OD surface 
and buried imperfections. 

In general, the depth position accuracy of the IWEX is considered as accurate, in particular when well 
resolvable responses are observed with the cross modes. 
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Figure  7-10: Depth estimate accuracy plot 

7.8 Detection and Height Sizing at Different Parts of Weld 
POD and height sizing accuracy have been evaluated for ID surface, buried and OD surface imperfections 
separately as well. The sizing performance and sensitivity of IWEX is observed to be consistent 
regardless of position in the weld. Most notable differences in sizing performance are observed between 
height sizing with different modes. This is either observed when the same imperfection is sized with 
different modes, or with comparison of distinct imperfection types which allows for sizing with different 
modes from the others.  

In addition, it is observed that weld shrinkage can have a minor impact on height sizing accuracy. This 
was observed with a comparison between sizing of V-bevel and J-bevel welds for 21.3 mm WT, where 
the former configurations have some shrinkage.  

These particularities are captured in the general figures for POD and height sizing accuracy presented in 
this report. 

Due to this observation, results are not presented separately for ID surface, buried and OD surface 
imperfections in this report, as sizing and detection performance are considered unaffected by position in 
the weld.  

 

7.9 Signal-to-noise 
It has been observed that the signal-to-noise ratio of both 4 MHz and 7.5 MHz is not limiting carbon steel 
inspection. The overall general noise level is observed to be in the area of 3-4 % FSH, and usually not 
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higher than 5% FSH. The general noise level is observed to be insignificantly lower in the 7.5 MHz 
images than in the 4 MHz images.  

The recording level of 20% FSH used for the POD analysis was selected based on the observations of 
signal-to-noise. The recording level shall be consistently higher than the noise level, to avoid spurious 
indications. Different color slider settings with the lower level varying between 0%-20% FSH are 
compared for macro M119 in Figure  7-11 below. It can be observed that the general noise disappears 
when the lower level is set at 5%. No considerable change in recorded signal used for interpretation is 
observed when the lower level is raised from 10% to 20%. Saturation is set to 80% for all images. 
Based on these observations, color slider set betwen 5%-80% FSH has been used for all images 
presented in this report.  

     

   

Figure  7-11: Example of scan presentation when color slide varies, indication M119. The 
general noise is removed with the color slider set between 5%-80% FSH. 

 

7.10 Reported Imperfection Type 
The imperfection types reported by AUT correspond well with the actual imperfections observed by 
macro sectioning. This includes root imperfection types (lack of penetration and lack of root fusion), 
embedded planar imperfections in general, cavities and cluster porosity indications.  

One observed benefit with IWEX over conventional zonal discrimination AUT is the possibility to evaluate 
the actual shape of an imperfection from the responses of the different modes. This applies in particular 
to planar indications which provide responses in the tandem modes. It was in addition observed that a 
volume will provide stronger reflections for the cross modes and partly the direct/over skip modes. With 
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the latter, a curved surface flaw might provide weaker or stronger response depending on which side the 
sound is approaching. 

Due to the discussion above, some intentionally induced cavities and/or large pores were reported as 
Lack of fusion by IWEX. Further reference is given to paragraph  7.14.3. Below are some examples of 
IWEX imaging of different type of imperfections. 

 

  

   

   

Figure  7-12: Examples of 3D and 2D imaging of different types of imperfections: Left: Porosity 
(M093), Middle: void/volumetric (M119), Right: Planar (M082) 
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7.11 Probe Frequency Impact 
The height sizing and POD results for the 4 MHz and 7.5 MHz scans of the same weld are more or less 
identical, as listed in the Table  7-3 below. Differences in sizing are so low that they might be considered 
insignificant. 

 

Table  7-2   Probe Frequency Trial Result, analysis of general dataset 

Setup 
5% probability 

under-sizing [mm] 
5% probability 

over-sizing [mm] 
Mean sizing 

inaccuracy [mm] 
Standard 

deviation [mm] 
90%|95% POD Height 
[mm], 20% Rec. Level 

4 MHz -0.8 1.1 0.2 0.57 0.66 
7.5 MHz -0.8 1.0 0.1 0.53 0.81 

 

A direct comparison between 4 MHz and 7.5 MHz scans indicates that the improved resolution for high 
frequency is most useful to resolve individual indications located close to each other. Responses from the 
different modes are repeatedly documented to be comparable. One notable exception is for tandem 
modes IWEX1 and IWEX3, where the responses are stronger with the low frequency probe. This is 
considered to be due to the increased directivity with higher frequencies. Since tandem modes are hardly 
used for height sizing, this has no impact on IWEX reporting performance. The modes used for sizing 
evaluation appear to perform similar regardless of frequency. A comparison between 4 MHz and 7.5 MHz 
images for indication M089 where the discussed features are included is provided in Figure  7-13.  

   

Figure  7-13: Comparison 4MHz and 7.5 MHz IWEX images with macro. 
 

7.12 Wall Thickness Variation Impact 
The results for the trials are summarised in Table  7-3 below, which includes depth, length and height 
sizing results of all indications in WT corrected and un-corrected scans of weld with variable wall 
thickness.  

It has been demonstrated on weld sample with nominal WT 23.1 mm and variations -1.1 mm/+1.5 mm, 
corresponding to a wall thickness range between 22.0 mm – 24.6 mm.  

4 MHz 7.5 MHz 
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Table  7-3   WT variation trial results 
  WT Un-corrected WT corrected Macro 

ID Scan pos. [mm] Length [mm] Depth [mm] Height [mm] Height [mm] Depth [mm] Height [mm] 
1 92.9 64.6 23 1.9 1.7   
2 325.7 46 22.2 1.1 1.4 19.6 1.1 
3 610.8 47.4 15.7 1.9 1.7 15.0 1.1 
4 684.3 46.8 10.3 2.8 2.9 11.0 2.3 
5 755.4 38.4 10.8 1 1.1   
6 846.5 35 10.9 2.5 2.5   
7 1021.2 22.8 8.3 2.6 2.8   
8 1247.3 18.1 7.2 4.3 4.5   
9 1305.9 11.2 4.1 3.9 3.8   

10 1520.4 27.4 2.2 4.4 4.3   
11 1646.2 12.8 3.1 0.7 0.7   
12 1810.8 12 8.4 5.8 5.9 9.5 6.2 

 

The results from this trial indicate that wall thickness variations have no significant impact on 
imperfection height sizing. Results are within the documented natural variations in sizing between 
repeated scans of the same weld. This can be explained by the use of single modes in height sizing; 
when the signals at upper and lower extremes of the indications are equally affected by the wall 
thickness variation. The main impact by wall thickness variations in an un-corrected scan is observed to 
be on de-focusing on tandem modes IWEX 1 and IWEX 3 and on how the responses in the different 
modes are matching in image position. This is illustrated for indication M158 in Figure  7-14. This was 
clearly confirmed with the scans of the open bevel test block, Figure  7-15, which provides an extreme 
situation with regards to WT variation impact on tandem mode detection. In practice, WT correction is 
therefore considered to have most value for evaluation of imperfection type and shape, where tandem 
modes are of importance. For detection and sizing of imperfections, WT correction remains an optional 
step. 

The wall thickness variation correction software was confirmed to perform correctly. It is regarded as 
fully documented that all indications within the weld with wall thicknesses in the WT range of nominal 
WT -1.1 mm / +1.5 mm were presented with similar sensitivity and position by IWEX. Use of the WT 
correction software module is therefore concluded to not affect the scope of this qualification.  

   

Figure  7-14: Comparison macro (left), WT corrected (middle) and WT un-corrected(right) of 
indication M158. 
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Figure  7-15: Examples of wall thickness correction impact on open bevel scan from same 
position with WT variation from nominal WT of +2.9 mm US and -0.9 mm DS. Nominal WT is 
19.5 mm, US side is to the left in both images. Left: WT un-corrected scan, Right: WT 
corrected scan.  

 

7.13 Probe Separation Impact 
Scans of weld 5 with probe separation of 30 mm and 40 mm provides almost identical results for height 
sizing of all indications in the weld. Deviations are within 0.3 mm, which is within the natural variations 
in sizing upon repeated scans of the same weld as for instance documented in paragraphs  7.2.1 
and  7.2.2. 

Table  7-4   Probe separation trial result 

Scan Position [mm] 
Wedge distance 29.8 mm 

height [mm] 
Wedge distance 40.4 mm 

height [mm] 
120 2.9 2.9 
250 2.3 2.2 
380 1.3 1.6 
600 1.6 1.5 
660 1.2 1.1 
720 2.4 2.5 

1150 1.8 1.6 
1380 1.6 1.5 
1470 US 0.9/DS 2.4 US 0.8/DS 2.3 
1600 1.2 1.3 
1630 1.9 1.9 
1730 1.1 0.9 
1800 US 0.7/DS 0.8 US 0.9/DS 0.8 

 

It is concluded that there are considerable tolerances for probe separation with regards to sizing, and 
that at least 10 mm additional probe separation from optimal value (i.e. as close as possible) will not 
cause any decrease in sizing and detection capability. 
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7.14 Interpretation Capability 
7.14.1 Stacked Flaws 
The locations particularly selected for assessment of stacked flaw interpretation were all well reported, 
with documented accurate reporting in imperfection height, depth and horizontal position. These stacked 
flaws were spatially separated by at least 2.0 mm, either in depth or horizontal position. One example is 
provided in Figure  7-16. 

  

Figure  7-16: Examples of stacked defects of indication M099, clearly resolved in the IWEX 
images. Some indications in the IWEX image are not confirmed by the macrographs. 

 

There were some observations among the full data set that are anticipated to be over-sized due to 
stacked flaws. Two of these observations were confirmed by macro sectioning. In both cases, the target 
imperfection had a satellite flaw located on the top with a separation of maximum 1.0 mm. It is 
considered as reasonable that there is a lower limit for stacked flaw separation distance where the two 
individual flaws cannot be resolved. The observations within the present qualification program suggest 
that this limit is for flaw separation somewhere between 1.0 mm and 2.0 mm. 

 

7.14.2 Imperfection Orientation 
The results are summarised in Table  7-5 below. 

Table  7-5   Orientation trial result 

Weld No Bevel ID IWEX Angle Macro Angle 
3 J6 M071 -45° -32.9° 
4 J8 M080 -10° -6.9° 
6 V20 M120 20° 15.4° 
6 V20 M127 -5° -1° 
8 V30 M150 5° 0° 

01 first batch J4 M156 -45° -14.5° 

 

The results suggest that determination of angle and shape by IWEX is accurate for low angles, ie when 
the imperfection is oriented not far off the vertical direction in angle. An example is provided in 
Figure  7-17. Accurate estimates of angle were determined for imperfections with orientations up to 20° 
from the vertical axis, except for one hot pass indication. It should be mentioned that the accuracy in 
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angle estimate with IWEX is anticipated to be about ±5°, which is well confirmed for low angle planar 
indications.  

   

Figure  7-17: Examples of oriented indications of macro M120. Orientation angle of planar 
indication at the lower part of the weld is included in Table  7-5.  

 

Two hot pass indications were included as high angle observations in the trial. It is observed that these 
have a shape that makes it challenging to measure an exact angle on the macro. Furthermore, 
deviations in results for these two indications can be explained by the lower height of the hot pass 
indications in comparison with the other flaws. For flaw sizes in the order of only 1 mm, the inaccuracy in 
the determined angle increases.   

The documented capability to determine shape and orientation of weld imperfections is considered as a 
strong benefit with IWEX compared with inspection by conventional zonal discrimination setups. 

 

7.14.3 Imperfection Characterisation (Shape and Horizontal Positioning) 
The results are summarised in Table  7-6 below. 

Table  7-6   Imperfection Characterisation Trial Result 

Weld 
No Bevel ID 

IWEX Lateral 
Position [mm] 

Macro Lateral 
Position [mm] 

Comment IWEX Comment Macro 

4 J8 M092 -3.2 -3.0 vertical OD surface-breaking As described by IWEX  

4 J8 M093 -3.1  
cluster porosity/copper 
inclusion (shape) 

Copper inclusion, width not 
reported 

4 J8 M094 3.4 3.5 
cluster porosity/copper 
inclusion  

As described by IWEX 

5 V15 M105 0.8 2.6 LOIRF 

As described by IWEX. Macro 
lateral measured to middle of 
indication,    

6 V20 M119 -2.0 -1.6 indication with width 
Large volume, as described by 
IWEX 

10 V20 M027 4.2 5.3 width As described by IWEX 

Most of the imperfections in this trial were confirmed by macro sectioning to have an orientation that 
differs substantially from the bevel orientation. The challenging cases of imperfection characterisation 
are observed to be well described by IWEX. It was demonstrated to have the capability to identify 
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volumetric type, shape and position. Horizontal positioning in the weld cross section was observed to be 
within ±1 mm. One example is provided in Figure  7-18. 

 

   

Figure  7-18: Example of large volumetric indication characterised by IWEX, macro M119.  

 

7.14.4 Cap and Root Height  
Cap and root height measurement accuracies are plotted in the figures below. 

 

Figure  7-19: Sizing accuracy, left: Cap height, right: root height 

 

The accuracy in cap height estimates is observed to be very accurate, with all observations in cap height 
within ±0.4 mm. Root height measurements are observed to be a bit less accurate, however still well 
within the general results for imperfection height sizing as presented in Figure  7-8. In principle there 
should not be any difference in sizing capabilities between root and cap heights, since sizing is 
performed relative to pipe surface with the similar modes. However, the width of the cap makes it easier 
to determine the height accurately, whereas the narrow root geometry provides fewer points for 
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measurement of its vertical extent. The increased spread in root height sizing is considered to be also 
due to observed shrinkage in manual V-bevel welds number 5 and 10 used for this trial. Shrinkage has 
been observed to introduce some uncertainty in sizing of the V-bevel welds, due to unpredictable wall 
thickness variations around the root.  

 

7.14.5 Misalignment (Hi-lo) Measurement 
The results are summarised in Table  7-7 below. Misalignment was measured from both sides of cap or 
root reinforcement, at the points where the reinforcement starts. 

 

Table  7-7: ID & OD Misalignment measurement trial results, weld DW02 (phase 1) 
 IWEX Macro   

Scan Position 

OD 
misalignment 

[mm] 

ID 
misalignment 

[mm] 

OD 
misalignment 

[mm] 
ID misalignment 

[mm] 

∆ IWEX – 
Macro OD 

[mm] 

∆ IWEX – 
Macro ID [mm] 

19 1.6 0.6 1.2 0.6 0.4 0.0 
230 0.9 0 0.8 0.4 0.1 0.4 
611 -0.4 -0.2 -0.3 -0.2 0.1 0.0 
662 0 0 0.0 0.1 0.0 0.1 
783 -0.1 0.2 0.0 0.1 0.1 0.1 
960 0.5 0.2 0.3 0.2 0.2 0.0 

1062 0.3 -0.3 -0.1 0.0 0.4 0.3 
1198 0.7 0.4 0.6 0.3 0.1 0.1 
1245 0.8 0.5 0.5 0.4 0.3 0.1 
1369 0.9 0.3 0.8 0.3 0.1 0.0 
1382 1.1 0.3 0.7 0.3 0.4 0.0 
1408 1 0.5 0.6 0.3 0.4 0.2 
1823 0.5 0.2 0.3 0.1 0.2 0.1 
1916 0.9 0.6 0.4 0.4 0.5 0.2 

It is concluded that IWEX accurately determines and quantifies misalignment at both ID and OD surface. 
IWEX misalignment estimate and macro misalignment reference differs not more than 0.5 mm. In 
addition, it is observed that the IWEX image of the ID surface corresponds well to the real surface as 
documented in the macro sections. One example is provided in Figure  7-20.  

The documented capability to quantify misalignment is considered as a strong benefit with IWEX 
compared with inspection by conventional zonal discrimination setups. 
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Figure  7-20: Example of misalignment appearance in IWEX image, corresponds to scan 
position 19 in Table  7-7. 
 

 

7.14.6 Surface Ligament Measurement 
The results are summarised in Table  7-8 below. 

 

Table  7-8   Surface ligament trial result 

Weld No Bevel ID Surface 
IWEX Ligament 

[mm] 
Macro Ligament 

[mm] 
∆ IWEX – Macro 

[mm] 
1 J4 M039 OD 3.8 4.1 -0.3 
2 J4 M052 ID 1.5 1.8 -0.3 
2 J4 M053 ID 2.3 2.7 -0.4 
2 J4 M061 OD 2.9 2.9 0 
2 J4 M062 OD 2.9 3 -0.1 
2 J4 M063 OD 2.9 3.4 -0.5 
4 J8 M090 OD 3.3 3.9 -0.6 
4 J8 M091 OD 3.1 3.2 -0.1 
7 V25 M141 OD 1.8 2.4 -0.6 
9 J3 M002 ID 2.3 2.8 -0.5 
9 J3 M003 ID 2.1 1.9 0.2 

 

It is concluded that IWEX accurately determines ligament of sub-surface imperfections. IWEX ligament 
estimate and macro ligament reference differs in general not more than 0.5 mm. Furthermore, there is a 
tendency that the IWEX estimate is conservative, as the ligament is systematically measured smaller 
than the macro result (i.e. negative ∆ IWEX - Macro). One example is provided in Figure  7-21. 

The documented capability to determine imperfection surface ligament is considered as a strong benefit 
with IWEX compared with inspection by conventional zonal discrimination setups. 

  

Figure  7-21: Example of sub-surface indication with measurable ligament, indication M003. 
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7.14.7 Interpretation Consistency, Clockwise and Counter-clockwise 

Scans 
Results of consistency in weld scan interpretation upon repeated scans are presented in the Table  7-9 
below, which details scan interpretation of clockwise (CW) and counter-clockwise (CCW) scans of weld 
No 9. 

 

Table  7-9  Comparison CW and CCW scan interpretation 

ID 
Scan pos. CW 

[mm] 
Depth CW 

[mm] 
Height CW 

[mm] 
Scan pos. 

CCW [mm] 
Depth 

CCW[mm] 
Height CCW 

[mm] ∆ Depth ∆ Height 
1 0 28.3 0.6 1903.65 28.5 0.8 -0.2 -0.2 
2 0 31.8 0.9 1902.15 31.9 0.9 -0.1 0 
3 8.1 35.1 0.7 1893.05 35.3 0.8 -0.2 -0.1 
4 88.5 1.6 3.1 1808.7 1.7 3.3 -0.1 -0.2 
5 190.8 36.7 3.8 1710.6 36.6 3 0.1 0.8 
6 291.5 4.1 5.4 1599.7 4.1 5.5 0 -0.1 
7 499 9.8 1.7 1395.15 9.7 1.8 0.1 -0.1 
8 715.2 17.4 1.9 1174.5 17.4 2.2 0 -0.3 
9 750.9 10.3 0.7 1155.25 10.3 1.1 0 -0.4 

10 825.7 21.2 2.9 1062.8 21.3 3.1 -0.1 -0.2 
11 889.7 41.4 1.5 1016.85 41.4 1.5 0 0 
12 961.4 41.5 1.6 946.15 41.3 1.6 0.2 0 
13 1077 27.9 1.9 808.9 27.9 1.8 0 0.1 
14 1197.7 32.3 1.2 683.5 32.3 1.3 0 -0.1 
15 1277.6 25.5 0.9 627.6 25.7 1.3 -0.2 -0.4 
16 1391.2 37.4 1.5 508.3 37.5 1.8 -0.1 -0.3 
17 1531.5 39.6 1.2 342.9 39.6 1.1 0 0.1 
18 1677.7 39.1 0.8 216.15 39.1 0.8 0 0 
19 1749.2 41.6 2.9 134.45 41.3 2.5 0.3 0.4 

 

It is observed that height and depth estimates are consistent upon repeated scans CW and CCW, with 
deviations well within ±0.5 mm. One minor exception is for indication 5. Deviation in vertical height 
sizing for this indication is due to different modes used for sizing for the two scans, which makes the 
results not directly comparable. 

 

 

7.15  Supplemental NDT 
The supplementary radiographic testing (RT) reports have been compared to the IWEX reports. The 
imperfections detected with radiography were found to correspond well to the results from AUT when it 
comes to position. Reported positions differ no more than a few mm between AUT and RT. The reported 
imperfection types appear in general to correspond well between AUT and RT.  

Some imperfections were reported by IWEX and confirmed by macro sectioning, but disregarded by 
radiography. These were planar lack of penetration and lack of fusion imperfections, observed to be 
closed imperfections, i.e. without considerable volumetric components. RT was observed to disregard 
this type, regardless of imperfection height. The observed response with IWEX on this and all types of 
planar imperfections are observed to be very clear. An example is given with indication M139 from weld 
7 (V25) in Figure  7-22.  

DNV GL  –  Report No. 2015-4316, Rev. 0  –  www.dnvgl.com  Page 37 
 



 

 
 

  

Figure  7-22: Example of closed planar imperfection disregarded by RT but with clear detection 
with IWEX. 

 

7.15.1 Conventional channels 
The IWEX hardware has the possibility to include conventional channels to the scanner, for instance 
creeping wave probes and TOFD. Applus RTD demonstrated this functionality, both with the probes 
mounted on the scanner frame and the integration with IWEX images in the software. Good 
correspondence between TOFD and IWEX images with regards to imperfection position and sizes were 
confirmed. The inclusion of conventional channels is regarded as useful to provide supplemental 
information for interpretation, perhaps in particular for volumetric imperfections. 

The performance of the conventional channels was not evaluated, as this has been well investigated 
upon earlier qualification programs. 
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8 CONCLUSIONS 

8.1 General 
The Applus RTD IWEX (Inverse Wave field Extrapolation) automated ultrasonic testing (AUT) procedures 
have been subjected to qualification trials in order to establish the general performance of the system 
applied on carbon steel pipeline girth weld applications. IWEX is an ultrasonic imaging technique which 
differs substantially from conventional zonal discrimination AUT. The present qualification program has 
documented that IWEX complies with the requirements of DNV-OS-F101:2013, Appendix E. Furthermore, 
IWEX capabilities with regards to benefits specific to ultrasonic imaging have been documented, where 
IWEX outperforms conventional zonal discrimination AUT. In particular, the abilities of IWEX to measure 
remaining surface ligament and flaw orientation are considered to be beneficial. The determination of the 
flaw position is also supported by the capability to measure hi-lo as well as cap and root reinforcement 
heights as detailed in section 8.3. The combination of these features enables improved flaw 
characterisation. 

DNV GL has witnessed all trials and all scan interpretation, and has been invited to comment on all 
relevant documentation for IWEX and the qualification program. 

The qualification work has been done under agreement between Applus RTD and DNV GL AS, and follows 
the requirements of DNV-RP-F118 (2010). The qualification trials have covered 8 welds of 24” outer 
diameter and 21.3 mm nominal wall thickness 2 welds of 24” outer diameter and 41.3 mm nominal wall 
thickness and 1 weld with 24” outer diameter and WT varying between 22.0 mm and 24.6 mm. The 
defective welds and corresponding calibration blocks have been subjected to trials for reliability, 
repeatability and heat influence. In total 156 observations were included for reliability analysis by macro 
sectioning. All scanning was witnessed by DNV GL, and DNV GL performed the analysis of this report 
based on AUT reporting by Applus RTD and macro sections by BKW. 

 

 

8.2 Performance Results, DNV-OS-F101 Requirements 
8.2.1 Repeatability 
For reference block repeatability trials deviations in measured reference reflector size is documented well 
within ±0.5 mm, and mainly within ±0.2 mm.  

 

8.2.2 Band Offset Sensitivity 
A band offset of ±3 mm on a defective weld has no significant impact on sizing and detection 
performance. 

 

8.2.3 Temperature Sensitivity 
Elevated temperature trials were performed as a scan series of 15 scans on a heavy wall thickness 41.3 
mm V20 weld heated to a temperature of at least 80 ºC, with a scan of the calibration block kept at 
ambient temperature in between each scan of the weld. The scan series shows good consistency in 
detection, with the variation in maximum measured imperfection heights within ±0.5 mm. 
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8.2.4 Detectability 
Defect heights with documented reliable detection at 90% POD with 95% confidence valid for all weld 
imperfections (except Cu inclusions) and for all imperfection lengths are provided in Table  8-1. 

The detection borderline has been observed in the dataset to be for small single pores with diameter 
below 1.0 mm. Imperfections with vertical heights below 0.5 mm and lengths above 10 mm have 
consistently been observed to be clearly detected. 

 

Table  8-1   Detectability (POD) result, general use 

Setup 
90%|95% POD 

[mm] 
IWEX  0.66 

 

 

8.2.5 Height Sizing Accuracy 
Height sizing accuracy results for general use, valid for all weld imperfections (except Cu inclusions) at 
all orientations, depths and types and for all imperfection lengths are provided in Table  8-2. Consistency 
in the general results has been confirmed for all areas of the weld, i.e. for ID surface, buried and OD 
surface areas.  

 

Table  8-2   Height Sizing Accuracy Results, General use 

Setup 
5% probability 

under-sizing [mm] 
5% probability 

over-sizing [mm] 
Mean sizing 

inaccuracy [mm] 
Standard deviation 

[mm] 
IWEX  -0.77 1.10 0.17 0.57 

 

 

8.2.6 Length Sizing Accuracy 
The macro sectioned indication for length sizing accuracy evaluation was accurately sized in length, 
within 1 mm. 

 

8.2.7 Imperfection Depth Estimate Accuracy 
The IWEX defect through thickness depth measured from the outer surface to the bottom of each defect 
was found to in general be estimated within an accuracy of ±1.99 mm. Imperfections are on average 
reported 0.4 mm higher in the weld by IWEX than the actual position. This applies to embedded 
imperfections. The results are summarised in Table  8-3 below.  

 

Table  8-3   Depth Estimate Accuracy Result, General use 

Setup 

5% probability, 
IWEX higher in 

weld [mm] 

5% probability 
IWEX lower in 

weld [mm] 
Mean depth 

inaccuracy [mm] 
Standard deviation 

[mm] 
IWEX  -1.99 1.50 -0.24 1.06 
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8.3 Performance Results, Ultrasonic Imaging Specific 
8.3.1 Signal-to-noise 
The signal-to-noise levels achieved with both 4 MHz and 7,5 MHz setups and thin/thick wall thicknesses 
are not limiting carbon steel inspection. The overall general noise level is observed not higher than 5% 
FSH.   

8.3.2 Stacked Imperfections 
The capability to resolve individual imperfections which are separated by at least 2 mm in any direction 
has been documented. 

8.3.3 Surface Ligament 
It has been documented that IWEX consistently determines ligament of sub-surface imperfections within 
±0.5 mm accuracy. 

8.3.4 Imperfection Orientation 
The capability to accurately determine orientation of planar imperfections, with an accuracy of ±5° has 
been documented. 

8.3.5 Root and Cap Reinforcement Height Measurements 
Root and cap reinforcement heights are demonstrated to be determined with an accuracy of about ±0.5 
mm.  

8.3.6 Misalignment Measurement 
ID and OD surface misalignment are demonstrated to be determined with an accuracy of ±0.5 mm.  

8.3.7 Probe Frequency Impact 
No significant difference in sizing and detection performance has been observed for inspection with 4 
MHz and 7.5 MHz probes. 

8.3.8 Imperfection Characterisation 
It has been documented that IWEX accurately and consistently detects and determines the various 
imperfection types that occur with pipeline girth welding. In addition, shape and horizontal positioning in 
the weld volume is accurately determined by the ultrasonic image.   

8.3.9 Wall thickness variations 
Wall thickness variations are observed to cause no impact on sizing performance. The module for wall 
thickness variation compensation was demonstrated to be working according to expectation within the 
demonstration range. 

8.3.10 Impact of Probe Separation Distance 
A change in wedge separation distance from 30 mm to 40 mm has been documented to cause no impact 
on inspection performance.   

8.4 Prerequisites 
The performance documented in this report for the Applus RTD IWEX AUT system is attributed to the 
General AUT procedure [4], and regarded relevant for general use on carbon steel pipeline girth welds.  
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The IWEX system shall include sufficient modes to provide full coverage of the weld, and as a minimum 
the 10 modes included in the present qualification for wall thicknesses above 15 mm. For wall 
thicknesses <15 mm the number of tandem modes might be reduced to 2, provided that coverage is 
demonstrated.  Minimum 64 element phased array transducers shall be used in the setup. The wedge 
calibration tool shall be used whenever a new probe and/or wedge is introduced to the system. 

The same type of reference reflectors (2 mm to 3 mm FBHs embedded and at ID and OD cap, 1.5 mm 
FBHs for volumetric channels) as during the qualification trials shall be used. Reflector sizes may be 
reduced. 

It shall be ensured that de-focusing is controlled within the full range of wall thickness variations in the 
inspection scope. 

Detailed inspection technique documents, similar to the ones used during the qualification, shall be used 
for relevant welds in question, taking material thickness and variations, bevel preparation details and 
other relevant items into consideration. 

Any changes to the system including hardware, software and operating manuals and procedure that will 
influence the performance of the system with respect to imperfection detection and sizing compared to 
what was achieved during the qualification, shall be assessed. This includes pulser unit. 

Girth welds shall be made from carbon steel pipe material. Applied welding method or weld bevel type 
and angle are not essential variables. Validity for heavy wall thicknesses above 42 mm requires that the 
qualified setup can be maintained and shall be evaluated from case to case. 

 

8.5 Validity 
The qualification has unlimited validity, as long as the prerequisites in section  8.4 are met. 
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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.



 
2808950.50-v2.1-MTI

6

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: Automated ultrasonic testing

TOFD: Time of Flight Diffraction technique

PA(UT): Phased array (ultrasonic testing)

SAFT: Synthetic aperture focusing technique

TFM: Total focusing method

POD: Probability of detection

LOF: Lack of fusion

NDT:    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 

number

V/J-bevel 

*

Total number of weld (LOF) defects: 162 (89)

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. 
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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 (Multi-

SAFT).

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 

Number 

of 

points

Pipe 

number

Number 

of

defects

Defect 

number 

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

28 56 6 12 6-3

6-5

6-7

6-10

6-12

Long crack extruding end cap

H/B crack

Porosity

Porosity

Porosity

19

(out of 

28)

7 14 -- -- 28

48 171 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
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