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ABSTRACT 

 

 IHI Southwest Technologies (ISwT) provided Reactor Coolant System, Hot and Cold Leg 

Nozzle examinations in accordance with MRP-139, “Materials Reliability Program: Primary System 

Piping Butt Weld Inspection and Evaluation Guideline,” at the Robinson Nuclear Plant.  During this 

outage volumetric inspections were performed using ultrasonic examination techniques qualified to 

meet the requirements of Appendix VIII to ASME Code, Section XI. 

 ISwT performed these examinations using a Performance Demonstration Initiative (PDI)-

qualified phased array procedure.  The phased array techniques allowed the use of multiple 

examination angles, generated by a single search unit to improve both detection capability and 

efficiency at the same time.  Examinations were performed in four directions for detection of flaws 

both parallel and transverse to the weld using a beam angle range from 60-88 degrees.  The 1.5MHz 

phased array probes and beam angle range were selected by ISwT specifically for this application to 

allow efficient detection in the inner 1/3T examination volume of the weld.  

 Based on the number and orientation of detected indications, eddy current (ECT) 

examinations were also applied during this outage.  To support these ECT examinations, ISwT teamed 

with Southwest Research Institute (SwRI
®
) to develop an ECT technique for surface exams of 

dissimilar metal welds in nozzles.  The technique was demonstrated on stainless steel plate specimens 

with EDM notches and on a welded EPRI nozzle mockup with tight surface flaws.  These results 

provided confidence that the technique was robust and could successfully detect surface flaws in welds 

with a good signal-to-noise ratio and with minimal response from the weld or clad material.  Exams 

were performed on four nozzles at the Robinson Nuclear Plant using the ISwT Advanced Nozzle Tool; 

these exams covered areas shown to be of potential interest from ultrasonic inspections performed 

with the same tool. 

 The purpose of this paper is to provide an overview of the use of both NDE methods and how 

they complimented one another during the Robinson Nuclear Plant outage during the fall of 2008. 

  

 

BACKGROUND 
 

Materials Reliability Program (MRP-139) Requirements 

 
 MRP-139 was issued to address the concerns of Primary Water Stress Corrosion Cracking 

(PWSCC) in butt welds that contain Alloy 82/182 materials.  This document requires the owner to 

perform examinations of Alloy 82/182 butt welds in accordance with a schedule more stringent that 

ASME Section XI requirements.  For non-resistant, non-mitigated welds exposed to hot 

leg/pressurizer temperatures, a volumetric examination is required once every five years vs. once 

every ten years.  For non-resistant, non-mitigated welds exposed to cold leg temperatures, a 

volumetric examination is required once every six years vs. once every ten years.  

 Where other NDE methods (e.g., ECT) are used, either as an alternative, or complementary to 

qualified UT, the owner is required to develop or document a technical basis that demonstrates that the 

NDE method(s) used are capable of reliably detecting PWSCC.  Also, for any area that remains 

unexamined, the owner is required to perform a degradation assessment in accordance with Appendix 

C of MRP-139 and include justification for interim measures. 
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Previous Examinations 

 

 Based on previous examinations on these components it was determined that some near 

surface indications would be recorded that could require disposition via the ASME code and the PDI 

sizing and evaluating procedures.  After reviewing the previous data, ISwT initiated the teaming 

arrangement and developed the ECT techniques with SwRI
®
 during the summer of 2008.  The intent 

was to be able to provide the utility with ECT capability in the event that the indications warranted 

alternate NDE, and/or to support regulatory inquiries.   

 

 

 AUTOMATED NOZZLE TOOL SYSTEM (ANTS) 

 

 The nozzle tool incorporates floatation and thrusters to allow the tool to maneuver freely in 

the water.  It uses two centering mechanisms that are activated once the tool is installed into the 

nozzle, that center and grasp the nozzle bore at the same time.  A movable axial drive provides 

movement along the nozzle centerline and a rotary drive provides circular movements.  Either 

movement can be used for scanning or incrementing the ultrasonic search units.  The nozzle tool is 

shipped fully assembled and weighs less than 250 lbs (in air).   

 The tool can be configured to examine outlet and inlet nozzles with core barrel removed or 

outlet nozzles with the core barrel in place.  Its small, light, completely submersible design also allows 

examinations to be performed without obstructing the center of the reactor, allowing the other in-

vessel examinations to be performed while the nozzle examinations are ongoing.  

 

 
 

Figure 1 - ANT Tooling 

 

PHASED ARRAY UT  
 

 The examinations of the DM welds were conducted using techniques that are PDI qualified 

per Appendix VIII, Supplement 10.  The DM welds were ultrasonically examined from the inside 

surface using an ISwT developed and PDI-qualified phased array procedure.  The phased array 

techniques allow the use of multiple examination angles generated by a single search unit to improve 

both detection capability and efficiency at the same time.  Examinations will be performed in four 

directions for detection of flaws both parallel and transverse to the weld using a beam angle range 

from 60-88 degrees.  The 1.5MHz phased array probes and beam angle range were selected by ISwT 

specifically for this application to allow efficient detection in the inner 1/3T examination volume of 

the weld.   

For data acquisition and analysis ISwT utilized the Zetec phased array system, the Tomoscan III PA 

32/128 (T-III).  This system is capable of handling up to 128 phased array channels.  The system 



28° 28°

utilizes Ultravision acquisition and analysis software, which is Windows based and uses standard PC 

hardware for acquisition and analysis. 

 

The T-III unit contains the pulser/receiver boards and multiplexing-digitizing electronics.  The 

package is small (approximately 24”x 24” x 20”), light (approximately 40 lbs), and can be easily hand-

carried to the work area.  Once digitized, the ultrasonic data was transmitted to the Tomoscan PC 

acquisition computer via Ethernet cable.  Data was stored on hard disk during the examination activity 

and archived to CD at the completion of the examinations. 

Data analysis was performed separately on another PC.  The TomoView software was used 

for both acquisition and analysis.  A-scan, B-scan, end-, side-, and C- (top) views were available as 

well as composite views and several other options that allowed the analyst a broad selection of 

analysis tools. 

 

 
Figure 2 - DM Weld / B-Scan 

 

 

EDDY CURRENT TECHNIQUE DEVELOPMENT 

 

 An ECT technique was developed for detecting surface flaws and discriminating between 

surface and subsurface flaws in dissimilar metal (e.g. stainless steel-to-Inconel) welds.  Two ECT 

excitation frequencies (30 kHz and 80 kHz) were used.  The high frequency produces a shallower 

penetration depth and thus is most sensitive to surface flaws, while the low frequency produces a 

greater penetration depth and is sensitive to surface and subsurface flaws.  Tests were performed to 

verify performance of the technique using (1) a stainless steel sample with EDM notches and (2) a 

mockup supplied by EPRI that contained representative welds and geometry, as well as surface flaws 

that were manufactured to have a very tight opening.  An ECT procedure (ISwT Procedure No. ISwT-

AET1, "Automated Eddy Current Examination of Nozzle Dissimilar Metal Welds from the Inside 

Surface,") was developed for this technique and it was applied to inspection of nozzle welds at the 

Robinson Nuclear Plant. 

 

 

ECT TEST RESULTS 

 

Stainless Plate 

 

Tests were performed using the ECT instrument setup and probes described in the above-mentioned 

procedure.  Initial testing was performed on a 300 series stainless steel plate with a thickness of 0.1 

inch (2.54 mm) and containing EDM notches measuring 1-inch (25.4 mm) long with depths of 0.075, 

0.050, and 0.025 inch (1.9, 1.27, and 0.64 mm).  The notch widths were 0.01 inch (0.25 mm) or less. 

 With the ECT probe on the same surface as the flaw opening (e.g., surface flaws), the high 

frequency response to the 0.075-inch (1.27-mm) notch was adjusted to be in the vertical direction with 

a deflection of approximately 3 divisions.  The signals from all three surface flaws are shown in Figure 



3 with low and high frequency signals on the left and right respectively.  With the ECT probe on the 

opposite surface of the specimen (e.g., subsurface flaws with remaining ligament thicknesses of 0.025, 

0.050, and 0.075 inch or 1.9, 1.27, and 0.64 mm), the low frequency response to the 0.075-inch (1.27-

mm) notch was adjusted to be in the vertical direction with a deflection of approximately 3 divisions.  

The signals from all three subsurface flaws are shown in Figure 4. 

 Comparison of the high frequency response to surface flaws (Figure 3) and to subsurface 

flaws (Figure 4) shows that surface flaws produce a nearly vertical signal, while subsurface flaws have 

a signal that is much smaller in amplitude and in the horizontal direction in terms of phase angle. The 

low frequency response to subsurface flaws is nearly vertical, and the surface flaw response is 

significantly skewed to the left (e.g., in the counterclockwise direction in terms of phase angle).  

Therefore, surface flaws are detected by measuring the vertical extent of the high frequency signal, 

and subsurface flaws produce essentially no response in the vertical direction for this frequency. The 

low frequency signal indicates surface, as well as subsurface flaws, with a difference in phase 

response between surface and subsurface.  Note that the ECT procedure that was developed is 

calibrated with the same setup for Figures 1 and 2 using the 0.075-inch (1.27-mm) notch (largest 

signal in the figures). 

 

 

 
 

Figure 3 - ECT response to surface flaws (low frequency on left, high frequency on right) 

 

 
 

Figure 4 - ECT response to subsurface flaws (low frequency on left, high on right) 



 

 

 

EPRI Mockup 

  

Tests were also performed on an EPRI mockup designated 711/1.  This mockup contained a dissimilar 

metal weld between SS 304 and SA 508 carbon steel materials.  SS 309 buttering was applied to the 

SA 508 material and Inconel 82 filler was applied between the buttering and the SS 304.  The carbon 

steel was also clad with SS 308.  The mockup was in the form of a section of a nozzle, and the weld 

area was ground smooth.  The mockup contained two surface flaws manufactured to represent tight 

cracks.  The exact sizes of the flaws were not revealed, but they are each several inches long. 

 Figure 5 shows ECT test results from the block with the same probe and settings used to 

generate the responses in Figures 3 and 4 (also the calibration setup for the exam procedure).  The 

signals in the upper left image are with the probe scanned in an area over the weld and adjacent clad.  

The high frequency response (right) is slightly greater than 1 screen division in vertical extent 

(compared to approximately 3 divisions for the 0.075-inch deep (1.27-mm) surface notch in the plate 

specimen (Figure 3).  When the probe is scanned over the flaw, a very large response that goes 

significantly off scale is obtained for the high frequency.  The image at the lower left of the figure 

shows that minimal response is obtained when the probe is severely tilted at approximately 20 degrees 

from vertical; this is much more than would be expected in an exam. 

 These results indicate that for surface flaw detection (e.g. high frequency), the background 

signals from the clad and weld are approximately only 30% of that obtained from the 0.075-inch 

(1.27-mm) deep calibration flaw, e.g., approximately 3:1 signal-to-noise ratio (SNR).  Since the cracks 

in the mockup produced a response that went off scale, an exact SNR is not known, but it greatly 

exceeds 5:1, which is the point where the signal went off screen.  These results provide confidence 

that cracks in dissimilar metal welds in nozzles (at least those with ground or machined smooth 

surfaces) can be readily detected with adequate SNR. 

 
 

Figure 5 - ECT response to EPRI 711/1 mockup (low frequency on left, high on right) 

 

 

 

EDDY CURRENT EXAMINATIONS 

 

The ECT procedure was applied to examination of welds in four nozzles at the Robinson Nuclear 

Plant.  Two ECT probes were used to obtain sensitivity to flaws in any orientation.  The probes were 



scanned with the same ANT tool used for the ultrasonic examinations by replacing two ultrasonic 

probe modules with ECT probe modules.  The ECT position data was acquired using the ANT 

encoders and the same coordinate system used for ultrasonic data acquisition.  This assured that the 

ECT probe positions and coordinates were directly comparable with those for the ultrasonic 

inspection.  Data were monitored on the ECT instrument screen (as in Figures 3-5), and the signals 

were digitized for analysis using SwRI EDAS-ET
®
 software. 

  Figure 6 shows the ECT response for the entire exam of weld CPL-107A-14 DM.  Note that 

there are now four signals since two probes are being used.  The high frequency signals are the two on 

the right (red and blue).  Figure 7 shows the response from one probe displayed in C-scan format for 

the same exam.  The response for the entire exam was approximately the same as that from the EPRI 

block in an unflawed area.  This provided confidence that the probes were tracking the surface and 

functioning properly.   

 
Figure 6 - ECT response from entire exam of weld CPL-107A-14 DM Note that the high frequency 

responses are similar to those from the unflawed weld area on the EPRI block (Figure 5, top left). The 

ECT results in Figures 6 and 7 were typical of all four nozzles examined.  The primary concern was 

detection of surface-breaking flaws using the high-frequency response. No surface indications above 

the background levels of the EPRI block were observed. 



 

 

Figure 7 - ECT C-scan display from entire exam of weld CPL-107A-14 DM using SwRI EDAS-ET 

software.  High frequency (top) shows no surface indications.  Low-frequency response (bottom) 

shows some signal structure from the weld. 

 

 

OVERALL EXAMINATION RESULTS 

 

Many indications were recorded during the Robinson examinations, below is a summary of these 

indications: 

• Seventeen (17) Axial Flaws contained wholly within the stainless steel nozzle cladding 

o Flaws did not need to be compared with the standards of IWB-3514.1(a) nor evaluated 

to IWB-3600. 

• Eleven (11) Axial Flaws located in DM weld and adjacent Safe End (SE) material 

o Due to their proximity to the surface, the axial Flaws were assumed to be connected to 

the ID surface 

 

o ECT examinations confirmed that the flaws were not connected to the inside surface 

and thus were classified as fabrication and not PWSCC  

 

• Sixty-Two (62) Circumferential Flaws located in DM weld and adjacent SE material  

o Five (5) flaws were considered relevant and wholly contained within the clad material 



o Fifty Seven (57) flaws were considered non-relevant and were associated with the 

fabrication process 

o No Circumferential Flaws were required to be compared with the standards of IWB-

3514.1(a) nor evaluated to IWB-3600.  

 

 

CONCLUSIONS 

 

Based on review of previous examinations and a proactive approach, an ECT procedure was 

developed for surface exams of dissimilar metal welds in nozzles.  The technique was demonstrated on 

stainless steel plate specimens with EDM notches and on a welded EPRI nozzle mockup with tight 

surface flaws.  These results provided confidence that the technique was robust and could successfully 

detect surface flaws in welds with a good signal-to-noise ratio and with minimal interference from the 

weld or clad material.  ECT examinations were performed on four nozzles at the Robinson Nuclear 

Plant using the ANT tool, and no surface flaws were detected. 

 Examination of the Reactor Coolant System (RCS), Hot and Cold Leg Nozzle examinations in 

accordance with MRP-139 were performed at Robinson using both ultrasonic and ECT NDE methods.  

These methods complimented each other and helped the utility disposition many flaws, proving that 

the flaws were not ID connected and not PWSCC.   

 This technology IS transferable for use at other nuclear sites, which makes it valuable to the 

nuclear industry. 
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