
  

Developments in Ultrasonic Phased Array Inspection II 

 

Phased Array UT Inspection System for Dry Storage Container Closure Welds 
E. Rochefort, G. Lavoie, G. Maes, Zetec, Canada 

 

 

ABSTRACT 

 
In the past, non-destructive examination of the closing weld for used fuel dry storage containers (DSC) 

has often been performed using radiographic techniques. The inherent safety and production problems 

associated with this technique have however led to considering phased array UT as an alternative 

examination technique. 

This paper will present a new non-destructive evaluation system that has been developed and 

implemented for the inspection of DSC lid closing welds. The inspection technique is completely 

based on phased array UT technology. 

A dedicated scanning mechanism was developed for the inspection. It consists of a magnetic 

buggy moving around the lid of the container. The magnetic buggy carries a probe pan holding the two 

phased array probes used to examine the weld volume. The probes are individually spring-loaded to 

allow for constant pressure and adequate ultrasonic coupling. 

The data acquisition system is a dedicated rack-mount unit that contains the acquisition 

workstation, the DYNARAY® phased array system, and the motor controller. The UltraVision® 3 

software is used to drive the phased array system and to analyze the examination data. 

The paper shall address the design of the phased array probes and the inspection technique. 

Data from artificial reflectors in calibration samples shall be presented to illustrate the examination 

capability of the applied methodology 

 

 

INTRODUCTION 

 

Uranium fuel bundles spend on average about 15 months producing energy inside a CANDU reactor 

before they are “spent” and replaced with fresh bundles. The used bundles are radioactive and are 

transferred by remote handling equipment to large pools within the stations where they are stored.  

After 5 to 10 years out of the reactor, the radioactivity and heat in used fuel bundles have 

decreased sufficiently, and they can be transferred from the fuel bays into robust concrete and steel 

containers, called dry storage containers (DSC). These containers are engineered to last at least 50 

years and will provide safe, interim storage until a long-term management program is in place.  

In Canada, dry storage is used by Hydro-Quebec at Gentilly, New Brunswick Power at Point Lepreau 

and AECL at Chalk River and Douglas Point. Ontario Power Generation (OPG) currently has two dry 

storage facilities in operation, at the Pickering and Bruce sites, and is at this moment finalizing the 

Darlington Waste Management Facility (1). 

The term “dry storage” comes from the fact that the used fuel is stored in a dry state, 

contained and shielded by the concrete and steel in the DSCs and not by water as in the used fuel bays. 

Dry storage containers (see Figure 1) are extremely robust and provide an effective barrier against 

radiation. For OPG’s new Darlington facility, each DSC is made of reinforced high-density concrete 

approximately 510 mm (20 inches) thick and is lined inside and outside with 12.7 mm (half-inch) 

thick steel plate. A DSC loaded with used fuel bundles weighs 73 tonnes.  
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Figure 1 - Dry Storage Container (DSC) 

 

The process of loading a dry storage container with used nuclear fuel begins by submersing the base of 

the container into one of the water filled used fuel bays. Once in the storage bay, the used fuel bundles 

are loaded into the container under water. The lid of the container is then installed and secured to the 

base with a clamp. The container is removed from the bay, drained, decontaminated and vacuum 

dried. It is then moved to the waste storage facility. Once received at the facility, the lid is welded to 

the container’s base by remote automatic welding. The closing weld is then inspected by a volumetric 

NDE technique before the container is filled with helium gas to create an inert atmosphere for the 

stored used fuel. 

In the past, NDE of the closing weld for used fuel dry storage containers (DSC) has often been 

performed using radiographic techniques. The inherent safety and production problems associated 

with this technique have however led to considering phased array UT as an alternative examination 

technique.  

 

 

DESIGN OF THE NON-DESTRUCTIVE EVALUATION SYSTEM 

 

 

General principles 

 
Zetec has designed an industrial inspection system for the DSC closing welds that is entirely based on 

phased array UT technology. The system consists of: 

• a dedicated scanning mechanism that carries the phased array probes 

• the equipment cabinet (see Figure 2): contains the phased array UT system, the motor control 

drive unit and the data acquisition computer with the monitor, and provides power for the storage 

cabinet 

• the storage cabinet (see Figure 2): contains the calibration block mockup, the couplant supply 

pump and couplant recovery system, a work bench and storage for tools. 

 



  

         
 

Figure 2 - equipment cabinet (left) and storage cabinet (right) 

                                               

Dedicated scanning mechanism 

 

The DSC Scanner was designed according to the technical specifications of the customer. It allows for 

a complete volumetric inspection of the closure weld in a single pass. The scanning mechanism 

consists of a simple buggy with three magnetic wheels, and can be mounted onto the container by a 

single operator without using any tools (see Figure 3). The buggy is driven around the lid of the 

container by a servo-motor assembly. Flanges on the magnetic wheels keep the scanner from drifting 

off the right trajectory. 

The buggy consists of two modules held together by a hinge (see Figure 4). This allows the 

scanner to move around the corners of the container. A position encoder is located in one of the 

modules, and the probe assembly is located in the other module. 

 

 
Figure 3 - dedicated scanning mechanism mounted on DSC 



  

 

 

 
 

Figure 4 - assembly drawing of dedicated scanning mechanism 

 

       
 

Figure 5 - phased array probe assembly 

  

An umbilical cable connects the scanner to the equipment cabinet and the storage cabinet. It contains 

probe cables, motor and encoder cables and also the couplant and vacuum hoses. 

 

 

Phased array probes - inspection technique 

 

The probe assembly holds two linear phased array probes to examine the weld volume (see Figure 5). 

One of the probes is applied onto the side of the lid, while the other one rides on the bottom surface 

(see Figure 6). The probes have plastic skates to prevent premature probe wear. The skates also hold 

the connections for ultrasonic couplant supply. Each of the probes is individually spring-loaded to 

allow for constant pressure and adequate ultrasonic coupling. 

The “Side PA probe” is a 5 MHz, 1D linear array with 64 elements. Electronic linear scanning 

at 0 degree LW and 30 degree LW is combined with azimuthal scanning to obtain full coverage of the 



  

required examination volume, while optimizing detection capability for potential flaws in the fusion 

lines.  Figure 7 shows the simulation results for the ultrasonic beams generated by the “Side PA 

probe”. In total, 204 ultrasonic beams (focal laws) are fired with this probe. 

 

 
 

Figure 6 - phased array probe arrangement on dry storage container 

 

                       
 

 

Figure 7 - inspection techniques with “Side PA probe” : 0 deg LW, 30 deg LW, azimuthal scan 

 

 

                           
. 

 

Figure 8 - inspection techniques with “Bottom PA probe” : 0 deg LW, azimuthal scan 

 

 

The “Bottom PA probe” is also a 5 MHz, 1D linear array with 64 elements, but with a smaller active 

surface. In this case, electronic linear scanning at 0 degree LW combined with azimuthal scanning is 

used to adequately cover the bevel area at the bottom of the weld. Figure 8 shows the simulation 

results for the ultrasonic beams generated by the “Bottom PA probe”. In total, 94 ultrasonic beams 

(focal laws) are fired with this probe. 

The images of Figure 7 and Figure 8 clearly illustrate that the complete examination volume is 

covered by the ultrasonic beams generated from the 2 phased array probes, without requiring any 



  

mechanical movement of the probes in the plane of the image. The complete inspection consists of a 

“single line scan” of the probes along the weld length. 

The inspection is performed after welding. Therefore, the scope of the examination is the 

detection and characterisation of various types of manufacturing defects. The procedure prescribes 

fixed threshold detection based on the artificial reflectors required by the applicable code. 

 

 

Phased array UT equipment 

 

Zetec’s DYNARAY system is used for recording and storage of the UT examination data. The 

DYNARAY is a high-performance phased array UT data acquisition unit that can be configured with 

up to 256 simultaneously active channels and a large number of focal laws (up 4096). The system 

offers a 16-bit amplitude resolution for phased array signals at a sampling frequency of 100 MHz, with 

a maximum data throughput of 20 Mbytes/s. 

In the specific case of the DSC closure weld inspection, almost 300 ultrasonic beams (focal 

laws) are fired in a single inspection sequence. The inspection speed is 5 mm/s, and because only a 

single line scan is required, the total inspection of a complete weld (9 meters long) takes less than 30 

minutes. All the examination data is stored in a single data file of more than 3 GigaBytes. 

 

 

Phased Array UT software 

 

Zetec’s UltraVision 3 software is used to drive the DYNARAY system. The software offers a 3-D 

work environment for the creation of components, the generation of focal laws and the visualisation of 

examination data. 

 

Focal law generation 

 

The Advanced Phased Array Calculator of UltraVision 3 is used to generate the various focal laws as 

defined by the examination technique. This powerful software tool supports 1D linear arrays as well as 

2D matrix arrays on flat, cylindrical and complex specimen, in both pulse-echo and transmit-receive 

configurations. 

The Advanced Phased Array Calculator offers the following tools for rapid and efficient 

generation and optimization of focal laws: database for user-defined array probes and wedges; 3D 

visualisation of the defined configuration, including the rays to the focal point and acoustic beam 

simulation; detailed information about spatial position of beam exit points and focal points; detailed 

information about individual element delays. 

 

Data analysis 

 

The phased array UT examination data collected with the DYNARAY system is first validated on the 

acquisition computer in the equipment cabinet. Afterwards, it is transferred and analyzed on a 

dedicated PC-based workstation, also equipped with the UltraVision 3 software. 

As mentioned above, the considered examination method requires the use of 5 channels 

created with 2 different phased array probes, for a total of almost 300 focal laws. In order to expedite 

the analysis process, the procedure prescribes the use of the Volumetric Merge tool in UltraVision.  

This powerful tool processes the ultrasonic data from the individual focal laws to create so-called 

merged data groups, containing information from all focal laws in a given data recording or from a 

subset of focal laws. Thus, the amount of data to be analyzed is drastically reduced, without affecting 

the detection capability. The ultrasonic images shown on Figure 9 and Figure 10 are all based on 

merged data groups, and clearly illustrate the efficiency of the Volumetric Merge tool. 

Furthermore, the detailed work procedure for data analysis prescribes the use of the angle-corrected 

volumetric projections, overlay of CAD-drawings of the considered weld configurations and the 

various other graphical and numerical tools of the UltraVision 3 software. 

 



  

 

Performance of the NDE system 

 

The experimental validation of the examination capability was performed on two reference blocks, 

with geometry and the material characteristics representative of the actual dry storage containers. The 

first block is the procedure calibration block, and contains 6 side-drilled holes (diameter 3.2 mm) 

located in the weld bevel region. The other block was fabricated to assess the examination capability 

on small planar reflectors in the fusion lines. It contains several 2 mm high notches parallel to the 

direction of the weld bevel. 

Figure 9 shows the ultrasonic images (merged data) of the side-drilled holes obtained with the 

0 LW and 30 LW beams generated by the “Side PA probe”. For both beam angles, a signal-to-noise of 

more than 30 dB is obtained for the reflectors in the covered examination volume. 

Figure 10 shows the ultrasonic images (merged data) of the 2 mm notches obtained with the sectorial 

scan generated by the “Side PA probe” and the 0 LW beams generated by the “Bottom PA probe”. 

Again, a signal-to-noise of more than 30 dB is obtained. 

The validation tests on the reference blocks clearly illustrate that the developed phased array 

inspection technique offers excellent detection capability. In terms of inspection speed, the new 

phased array system can inspect a complete closing weld in less than 30 minutes. This represents a 

dramatic improvement over the existing X-ray inspection, which takes about 12 hours to complete. 

The phased array inspection system has been completed and commissioned early 2009, and the formal 

performance demonstration of the system is now on-going. 

              

 

          
 

Figure 9 - ultrasonic images of SDH obtained with “Side PA probe”; 0 LW (left) and 30 LW (right) 

 

                  
 

Figure 10 - ultrasonic images of planar reflectors in fusion line obtained with “Side PA probe”,                   

azimuthal scan (left), and “Bottom PA probe”, 0 LW (right) 



  

 

 

CONCLUSIONS 

 

1. A new non-destructive evaluation system has been developed and implemented for the inspection 

of DSC lid closing welds; the inspection technique is completely based on phased array UT 

technology. 

2. The new inspection system offers excellent examination capability on flaws in the weld volume 

and the HAZ. 

3. The phased array UT inspection is at least 20 times faster than the existing X-ray inspection, in 

addition to eliminating the safety issues 

4. The phased array system is based on commercially available, state-of-the-art hardware 

(DYNARAY) and software (UltraVision 3). 
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