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ABSTRACT 

This paper presents PAUT field experiences from inspection of welded Dry Storage Containers (DSC).  

DSCs are filled with used fuel from CANDU nuclear plants and sealed with a 32mm x 8.6m lid closure 

weld.  Application of PAUT to perform volumetric inspection of DSC welds was qualified through the 

CIQB in 2009 in lieu of RT.  A large number of DSCs have been scanned using PAUT at all nuclear sites 

in Ontario to date and RT is no longer in use for this inspection.  Inspections (system production) to date 

are contrasted with repair calls to provide a statistical interpretation of the scanner’s performance so far. 

The PAUT scanner system utilizes two 64-element probes to collect data for flaw characterization, 

sizing, and repair calls.  The probes are oriented to inspect the closure weld from both the bottom and side.  

A five channel layout with electronic (linear) and azimuthal set-ups is used for data acquisition. 

Examples of indications requiring disposition include various LOF, porosity clusters, and severe 

laminations.  The analysis and methodology involved in evaluating these indications is reviewed using 

specific cases.  Field experiences and challenges encountered since commissioning are discussed.  Overall 

the DSC PAUT Scanner system has performed well in the field since commissioning. 
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INTRODUCTION 

The Dry Storage Container (DSC) lid seal weld is currently scanned using Phased Array UT (PAUT) at 

three sites.  Application of PAUT to perform volumetric inspection of DSC welds was qualified through 

the CIQB in 2009 in lieu of Radiography (RT) 1).  DSC production targets are different across all three 

sites currently operating dry used fuel storage activities.   

The DSC is a large steel shell double walled container (approx. 2m x 2.5m x 3.5m) with high 

density concrete fill, designed to store used CANDU fuel which has been sufficiently cooled in a fuel bay 

(wet storage).  Upon removal from the fuelling bay, 384 bundles of the now 'dry' fuel is filled into a 

container and sealed.  A critical part of this sealing process is the lid seal weld which creates a hermetic 

seal between the DSC base container and lid together (shown in Figure 1).  It is this weld which is the 

focus of this inspection program 2). 

The weld is made using a remote automatic pulsed MIG system which generally does not produced 

inclusions and minimizes the Heat-Affected-Zone (HAZ).  There is also no post weld heat treatment. 

This paper briefly reviews the DSC weld, and the DSC scanner system to provide context for the 

focus on field experience.  A detailed summary is then presented on the following: 

� The PAUT system performance 

� PAUT analysis methodology 

� Porosity (volumetric) field example 

� Star crack field example 

� Lamination field example 

� Inclusion field example 
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Figure 1 - Used Fuel Dry Storage Container (DSC) 

 

These examples culminate to provide a good snapshot of the system performance to date along with 

some of the more unique challenges encountered since commissioning. 

 

 

DRY STORAGE CONTAINER (DSC) LID SEAL WELD 

The DSC Lid seal weld is 8.6m in total length around the container.  The weld is 1¼" (32mm) deep with a 

vertical 0° side wall and a 30° angled side wall with a fill sequence involving 10 passes as shown in Figure 

2.  The weld has a 5mm HAZ surrounding it which is part of the inspection volume.  The weld cap is not 

ground flush, meaning an inspection system cannot scan from the top. 

 

 
 

Figure 2 - DSC Lid Seal Weld geometry 

 

The target flaw size which can be detected and reliably sized is a 2mm x 12mm defect oriented in 

the longitudinal direction of the weld.  This is based on a reference critical flaw such that the weld would 
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not fail in a worst case scenario (a drop of 9m, with the DSC landing on a corner).  Based on past 

experiences in RT the previous defects included: 

� Porosity 

� Laminations 

� Undercut 

� Incomplete Fusion (LOF) along root, side-wall or inter-pass areas 

 Previous inspections of the DSC lid seal weld using RT conformed with ASME B&PV Code 

Section III 3) which did not allow any indications characterized as cracks, LOF, or incomplete penetration 

regardless of length.  Due to the increased sensitivity offered by phased array, such a requirement would 

not be justifiable as non-relevant defects would fail containers.  As a result this inspection procedure 

deviates from ASME Section III and was qualified to the CIQB using the ENIQ approach to inspection 

qualification 4). 

 

 

DSC SCANNER SYSTEM 

The DSC Scanner is a fully automated scanning system which magnetically attaches to the DSC lid flange 

and travels around the container acquiring data.  The scan is fully encoded, and uses an integrated 

pump/vacuum system to cycle de-mineralized water for coupling.  The system was designed to be 

completely portable.  The full complexity of the system will not be discussed; however, a brief 

introduction is provided to give context to the following OPEX.  

 

 
 

Figure 3 - DSC PAUT Scanner performing inspection on a container 

 
The PAUT scanner system utilizes a simultaneous multi-probe, multi-channel approach to provide 

full weld volume coverage.  Two 64-element 5MHz probes powered by a Dynaray system to collect data 

for flaw characterization, sizing, and repair calls.  The probes are oriented to inspect the closure weld from 

both the bottom and side.  A five channel layout is configured as shown in  

Figure 4, with the electronic (linear) and azimuthal set-up coverage areas highlighted. 
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SIDE PROBE 

The first three areas in blue outline the 0° linear (1), 30° linear (2), and sectorial (3) scan channels covered 

by the side probe ( 

Figure 4): 

1) The side 0° linear channel is primarily focused on defects formed along the 0° fusion line of 

the weld from the root to mid volume.  Due to its sensitivity on that particular plane it can also be used to 

disposition indications detected from the bottom probe by verifying the primary orientation of the defect. 

2) The side 30° linear channel is primarily focused on defects formed along the 30° fusion line, 

and provides full coverage of the weld and HAZ.  This channel in combination with the other side probe 

scans helps resolve volumetric flaws detected from the bottom probe and verifies planar flaws detected by 

the other side channels. 

3) The side sectorial channel is useful as an overall tool to help characterize flaws based on their 

features and for sizing as it provides the best response for diffracted tip signals. 

 

 

BOTTOM PROBE 

The areas in orange cover the 0° linear (4) and sectorial (5) scan channels respectively for the bottom 

probe ( 

Figure 4): 

4) The bottom 0° linear channel is primarily focused on defects formed along the weld root and 

HAZ.  This channel is also oriented to easily identify laminations in the base material which do not show 

up strongly from the side channels.  In combination with the other probe, the bottom probe scan helps to 

verify planar flaws detected by the other side channels. 

5) The bottom sectorial channel is useful as an overall tool to help characterize flaws and for 

sizing in a manner identical to the side sectorial scan function. 

With both probes geometric signals are generated at the weld cap and root corner (at the 0° fusion 

line) of the DSC weld.  The use of a weld overlay helps to quickly identify these signals based on location. 
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Figure 4 - Breakdown of DSC Scanner Probe coverage of weld volume 
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PAUT ANALYSIS METHODOLOGY 

The acquisition file is initially checked for complete length, missing data, and potential flaw indications 

are all subsequently analyzed to determine accurate size, characterization and location.  Each channel 

consists of an S-scan with weld overlay, a B-scan covering the entire weld length, and an A scan for 

precise amplitude measurement. 

 All flaw indications are verified from a minimum of 2 channels.  Defects can generally be 

categorized as planar or volumetric 1): 

� Volumetric indications consist of defects such as porosity or inclusions.  Verification for this 

type of defect would be from both bottom and side probe channels which would present similar amplitude 

in either view.    

� Planar indications display large amplitude response to the ultrasonic beam oriented 

perpendicular to it, but very weakly with the probe beam oriented parallel to it.   Planar defects include 

lack of fusions, incomplete penetrations and cracking.  Verification for this defect would be from a linear 

and sectorial scan channel of the same probe.  

 Flaw length sizing is performed along the scanner axis of travel using the B-scan window with 

the sectorial scan angle being adjusted to optimize the signal 1).   

 In general, specular sizing is possible with this probe configuration.  Applicability to flaw 

height sizing is dependent on the orientation of the flaw in relation to the defined axis (see Error! 

Reference source not found.).  Specular height sizing is applicable to flaws which can be 

characterized using the scanner side probe, since the defects vertical component is oriented perpendicular 

to the electronic scan 1).   

 

 
 

Figure 5 - DSC Weld Axis definitions 

 

 

Diffraction tip sizing can be applied to planar flaws as well by relying the sectorial scans of either 

probe to determine an accurate flaw tip.  This method can be used to verify specular sizing. 

 The following criteria are applied when evaluating defects 1): 

� Height sizing cannot resolve flaws smaller than 2mm. 

� Flaws with separations less than 3mm are considered continuous. 

� Flaws less than 3mm from surface are considered surface breaking. 

� Volumetric flaws (inclusions/porosity) are reported as per ASME Sec III Appendix VI. 

� Planar flaws with length greater than 50mm are reported. 

 

 

SYSTEM PERFORMANCE 

Since commissioning, the DSC Scanner has been used to evaluate approximately 450 containers.  The 

system is part of a continuing inspection program with new containers continually being evaluated after 

height 

length 
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they have been welded.  The system was commissioned with the intent to utilize the sensitivity of Phased 

Array Ultrasonics where practical without getting inundated with the details.   

A breakdown of the inspections performed by each site in relation to the amount of required repairs is 

presented below in  

Chart 1.  The percentages show that even with the larger production volume of the third site only 

about 10% of containers are sent back for repair.  

 

 
 

Chart 1 - DSC Inspections by Site 

 

Overall only 7% of scanned containers require any type of repair.   

Chart 2 outlines all DSC Lid seal weld defects reported requiring repair.  As shown, the distribution 

of flaws overall is largely related to either Lack of Fusion (LOF) or Porosity defects.  LOF defects 

typically present as large planar indications which are interconnected over spans larger than 50mm.  

Porosity defects are volumetric indications which typically have smaller lengths usually on the order of 

10mm.  A special case of a transverse defect or star crack was discovered using PAUT and will be covered 

in the next section. 
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Chart 2 - Overall Summary of Containers Passed vs Repair Defects 

 
Defects such as laminations have not been a severe problem for PAUT in welded containers to date. 

However several un-welded containers have failed visual and subsequent dye check inspections.  This 

presents a potential issue if the indications are severe enough to block transmission of UT signal and are 

discussed in more detail in the next section. 

 

 

SPECIFIC FIELD EXAMPLES 

As discussed in the performance section there are not many repairs called for the DSC lid seal welds.  Out 

of the repairs called using the PAUT system to date the majority can be broadly categorized as Lack of 

Fusion (LOF) or Volumetric defects.  However, several containers have also required further repairs upon 

re-examination due to part of the flaw remaining after gouging and weld repair. 

The previous charts exclude these re-repairs because each container was counted by defect 

regardless of the number of repairs required to mitigate them.  The chart below accounts for these cases as 

well as the severe lamination cases that will be expanded upon in the following section. The LOF defects 

have been separated by the area where the defect occurs. These can be seen from the weld schematic (refer 

to Figure 2). 
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Chart 3 - All DSC lid seal weld defects dispositioned using PAUT 

 

 

POROSITY FIELD DATA 

The first field data to be discussed highlights an excellent example of weld porosity ( 

Figure 6).  The characteristic clusters are picked up more strongly by the bottom probe, but are obvious 

from the side probe as well as is expected from volumetric indications. 

There are two large porosity clusters stretching approximately 1300mm in length each.  The clusters 

are located very close to the root along the 0° fusion line indicating a potential lack of penetration.  

Proximity rules result in these clusters being considered large planar indications joined over the entire 

span of porosity. 

  

Side 30° Linear Channel 

Bottom Sectorial Channel 
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Figure 6 - PAUT sample data of porosity in DSC lid seal weld 

 

This example is served as an excellent source of operating experience as during the weld repair 

process, inspectors were able to confirm location and accuracy of the porosity clusters identified by 

Phased Array ( 

Figure 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - Porosity clusters discovered during weld repair (gouging) 
 

 

STAR CRACK FIELD DATA 

A very unique case of a transverse crack was discovered during PAUT inspections.  What makes this 

defect interesting is that transverse cracks are not part of the current qualified inspection technique.  

During initial development of the system transverse cracks were part of the sample flaw set but were not 

conclusively proved as part of detection since this was not specified in the Inspection Specification.  The 

bottom sectorial channel shown in  

Figure 8 clearly displays this flaw as a surface breaking defect just underneath the weld cap, with 

branching characteristics.  The lower amplitude indicates a primary axis transverse to the weld direction.   
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Figure 8 - Bottom Sectorial Channel showing surface defect 

 

This indication was eventually confirmed via dye check as shown in  

Figure 9, which outlines the transverse nature of the crack in relation to the weld direction.  This 

defect was identified directly in the weld start stop location, in the vicinity of the typical blend grind, 

leading one to speculate that it may be related to activities specific at this location. 

 
 

Figure 9 - LPI conducted in area of interest showing classic star crack formation 

 

 
LAMINATION FIELD DATA 

Laminations are present in the base material of the DSCs and are typically of no consequence when 

performing PAUT inspections.  The steel plate material is considered to be fine grained and not expected 

to present special problems for volumetric testing. 

During development of the inspection it was understood that the bottom probe was sensitive to 

laminations in the base material.  Typical laminations are not larger than 5mm in diameter and the system 

can deal with larger laminations as the density of such indications was not high enough to trigger the 3mm 

proximity rule. 

Recently several containers were scanned which had several large lamination defects in the parent material 

of the base plate.  The relationship and size of these laminations is best shown in  

Near surface 
indication 
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Figure 10, which displays the saturated C-scan view (top window) and corresponding B-scan view 

of the same indications.  From the data, these laminations seem to break the outer surface and extend well 

into the weld root pass. 

 

 
 

Figure 10 - PAUT data of Bottom 0° Linear channel showing excessive laminations 

 

Once it was determined that one or more of these laminations reach the side flange face surface, LPI was 

performed in an area of interest ( 

Figure 11).  One major bleed out sized as approximately 5mm in diameter with 2 smaller bleed outs 

on either side.  While these indications did not require repair as per the PAUT procedure criteria, a review 

was triggered due to the potential leak path which could exist during Helium backfill of the DSC. 

 

 
 

Figure 11 - LPI conducted showing laminations breaking surface in area of interest 

 

 

CONCLUSIONS 

The qualified inspection process for the PAUT inspection of DSC Lid seal welds is maturing as a 

program.  The OPEX shared highlights some of the challenges and accomplishments of the system since 

replacing RT for continuing inspections.  This process was among the first to be fully qualified by the 

CIQB 4), and given the long term nature of used fuel dry storage; activities involving this system will 

continue to grow in the future.  The paper presented results of PAUT inspection, sizing, and flaw 

characterization for specific DSC weld field examples.  Overall OPG considers the DSC PAUT Scanner 

C-scan (Plan view) 

B-scan 

S-scan 
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system to be performing well in the field since commissioning.  
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