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ABSTRACT 

Research is being conducted for the U.S. Nuclear Regulatory Commission (NRC) at the Pacific Northwest 

National Laboratory (PNNL) to assess the capability, effectiveness, and reliability of ultrasonic testing 

(UT) as a replacement method for radiographic testing (RT) for inspecting nuclear power plant (NPP) 

components. A primary objective of this work is to evaluate UT techniques to assess their ability to detect, 

locate, size, and characterize fabrication flaws in typical NPP weldments. This particular study focused on 

the evaluation of four carbon steel pipe-to-pipe welds on specimens that ranged in thicknesses from 19.05 

mm (0.75 in.) to 27.8 mm (1.094 in.) and were 355.6 mm (14.0 in.) or 406.4 mm (16.0 in.) in diameter. 

The pipe welds contained both implanted (intentional) fabrication flaws as well as bonus (unintentional) 

flaws throughout the entire thickness of the weld and the adjacent base material. The fabrication flaws 

were a combination of planar and volumetric flaw types, including incomplete fusion, incomplete 

penetration, cracks, porosity, and slag inclusions. The examinations were conducted using phased-array 

UT (PA UT) techniques applied primarily for detection and length sizing of the flaws. Radiographic 

examinations were also conducted on the specimens with RT detection and length sizing results being 

used to establish true state. This paper will discuss the comparison of UT and RT (true state) detection 

results conducted to date along with a discussion on the technical gaps that need to be addressed before 

these methods can be used interchangeably for repair and replacement activities for NPP components. 

 

 

INTRODUCTION 

Radiographic testing (RT) techniques for industrial inspection have been in use for over 100 years. The 

inspection is relatively easy to perform and the resultant images have been presumed to provide a 

definitive characterization of detected component anomalies. This has been a key factor in its durability as 

an inspection method. Accordingly, RT was used to document the acceptability of welds during nuclear 

power plant (NPP) construction. The interpretation of weld defects using radiographic techniques is 

somewhat subjective and relies heavily on the skill and experience of the inspector. RT works very well 

for volumetric fabrication-type flaws such as slag inclusions and porosity. It is less effective for planar 

defects such as lack of fusion and cracking, which are the more detrimental type flaws as they are more 

likely to grow throughout the service lifetime of the plant and could eventually lead to a leak in the pipe. 

This technique has also been used for detecting volumetric-type workmanship defects associated with 

repair and replacement activities at operating NPPs. The strengths of ultrasonic testing (UT), by contrast, 

are its ability to detect and size small planar-type flaws, determine flaw depth in the material, and the 

minimal preparation and examination time that is required. One major advantage for operating NPPs in 

using UT for repairs and replacements instead of RT is that parallel outage activities are not interrupted; 

that is, the surrounding area must be evacuated to conduct RT. Thus, there could be an economic 

advantage in using UT instead of RT for repair and replacement activities at operating NPPs. This raises 

questions regarding the ability of UT to detect fabrication flaws. 

Recently the NRC funded PNNL to perform a literature review [1] to help understand issues related 

to the interchangeability of UT and RT. The objectives of the survey included an assessment of the state-

of-the-art in ultrasonic equipment and techniques and how this technology compared to common 

radiographic techniques. Significant technical gaps in knowledge were identified. For example, it was 

                                                   
1
 The work was sponsored by the U.S. Nuclear Regulatory Commission under U.S. Department of Energy Contract 

DE-AC05-76RL01830; NRC JCN V6097; Ms. Carol Nove, Program Monitor. 
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found that the interchangeability of UT and RT is highly dependent on the acceptance criteria used, and 

that acceptance criteria for UT with respect to fabrication flaws is essentially non-existent. These gaps and 

others are being investigated under this project. 

The idea of replacing RT with UT is not new. There are currently five American Society of 

Mechanical Engineering (ASME) Code Cases that have been published that allow the use of ultrasonic 

inspection in lieu of radiography for weld inspection. None of these code cases have been approved by the 

NRC. The NRC is concerned that adequate research into the limitations of both of these NDE methods for 

fabrication flaws has not been addressed. Studies must be completed to demonstrate the ability of UT to 

supplant RT for Section XI repair and replacement activities and, eventually, Section III new construction 

applications. Until this is completed, the NRC will not generically approve the substitution of UT for RT 

for Code-required volumetric examinations. 

The NRC acknowledges that UT may become a viable alternative to RT for the detection and 

evaluation of fabrication flaws. The nuclear power industry has indicated that there are many benefits to 

allowing this substitution [2], including less occupational exposure to radiation and significant inspection 

cost reductions. However, the combination of RT and UT for fabrication, pre-service, and in-service 

ensures that workmanship is maintained and the potential for placing flaws that are detrimental to the life 

of a component is reduced.  

A summary of items that concern the NRC include, but are not limited to: 

• Consideration of whether ASME Code, Section XI, Appendix VIII UT performance 

demonstration requirements are applicable to repair/replacement activities 

• Demonstration of UT detection and sizing reliability 

• Acceptance criteria for fabrication type flaws 

• Demonstration of UT characterization capability, if necessary, for application of appropriate 

acceptance criteria 

• Recording of UT data as permanent records 

• Defined equipment procedures for fabrication type flaws 

• Consideration of examination volume which includes the full weld volume and adjacent base 

material 

• Complex geometries and component limitations 

• Current nuclear power plant materials and welding methods 

This paper will discuss the comparison of UT and RT detection results on the carbon steel piping 

examined to date, along with preliminary observations on acceptance criteria which begin to address some 

of the NRC concerns in using these methods interchangeably for repair and replacement activities for 

carbon steel NPP components. 

 

 

MATERIALS 

Four carbon steel pipe-to-pipe butt weld specimens—three representing ASME Code Section III, Class 2 

piping welds and one representing an ASME Code B31.1 Pressure Piping weld—were obtained from 

various nuclear inspection contractors. There were two 355.6-mm (14.0-in.) welded pipe specimens that 

were approximately 609.6 mm (24 in.) in length. One of the specimens was Schedule 80 pipe with a 

thickness of 19.05 mm (0.75 in.) and the other was Schedule 120 pipe with a 27.8 mm (1.094 in.) 

thickness. There were also two 406.4-mm (16.0-in.) carbon steel specimens that were approximately 609.6 

mm (24 in.) in length—one specimen was Schedule 80 pipe with a thickness of 21.4 mm (0.844 in.), and 

the other specimen was Schedule 100 pipe with a 26.2 mm (1.031 in.) thickness. All specimens contain a 

single bevel weld—one with 20-degree and 30-degree angles made to ASME Code B31.1 standards with 

the weld crown ground flush, and three with a 37.5-degree bevel angle with the weld crown present. 

The four pipe-to-pipe specimens contained 34 implanted (intentional) fabrication flaws that were 

examined during this study. The flaws were distributed throughout the entire thickness of the welds and in 

the adjacent weld heat affected zones. The flaw types were typical of those produced during welding 
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fabrication such as slag (SLG), porosity (POR), lack of fusion (LOF), lack of penetration (LOP), and 

cracks (CRK). The range of flaw lengths and depths are provided in Table 1.  

 

Table 1 – Range of flaw types and sizes contained in the four carbon steel specimens 

 

Flaw Type 

Length, mm (in.) Height, mm (in.) 

Min Max Mean Min Max Mean 

Planar 

LOF 
5.7 

(0.23) 

51.4 

(2.02) 

11.1 

(0.44) 
2.5 (0.1) 6.1 (0.24) 4.0 (0.16) 

LOP 
3.4 

(0.14) 

13.8 

(0.54) 
6.5 (0.26) 1.8 (0.07) 2.7 (0.11) 2.1 (0.08) 

Crack 
10.3 

(0.41) 

39.2 

(1.55) 

23.9 

(0.94) 
2.3 (0.09) 

20.6 

(0.81) 
7.5 (0.3) 

Volumetric 

Slag 
6.4 

(0.25) 

51.1 

(2.01) 

14.6 

(0.57) 
2.0 (0.08) 20.3 (0.8) 6.8 (0.27) 

Porosity 
3.2 

(0.13) 
7.8 (0.31) 4.8 (0.19) 3.2 (0.13) 5.1 (0.2) 3.7 (0.14) 

 

 

RADIOGRAPHY EQUIPMENT 

The manufacturer of the four pipe specimens used in this study provided PNNL with true-state 

information on all of the implanted flaws. This information was in the form of drawings that showed the 

location of the flaw in the pipe specimen, the length, and depth size. Since the pipe specimens were 

borrowed, it was not possible to verify flaws using destructive methods. As a result, PNNL used both film 

and computed RT techniques to verify this true-state information. PNNL’s evaluation found that most of 

the information provided by the manufacturer was accurate. There were some flaws that PNNL sized more 

accurately based on high-quality RT images. Bonus flaws that showed up in the RT images but were not 

accounted for in the manufacturer’s drawings were characterized by PNNL using the same high-quality 

RT images, thereby providing a consistent sizing standard and reliable methodology for characterizing 

flaw type on these additional flaws. There were five implanted flaws that were missed using the PNNL RT 

techniques. For this study, the true-state provided by the manufacturer was used in these cases. These five 

flaws will be discussed later in the analysis section of this report. 

The x-ray system used in this evaluation is composed of the shielded enclosure, x-ray machine, 

imaging media, and imaging software. PNNL’s facility is equipped with a 12-ft. × 12-ft. × 10-ft. lead-lined 

x-ray vault. The x-ray machine used for all of the work in this report was a Comet MXR-451/26, which is 

a 450-kilovolt, 10-milliamp machine with dual focal spots of 2.5 mm and 5.5 mm. The x-ray machine is 

mounted on a movable gantry and can be raised and lowered to the desired height. Pipe specimens that are 

undergoing inspection are placed on a lift/turntable that can be positioned as well. The x-ray controller has 

full functional capability to precisely set the desired voltage, current, and time elements.  

PNNL uses both film and digital imaging plates (phosphor plates) as the imaging media. The 

cassette is loaded with a backing lead plate and either the phosphor plate or film. When film is used, a 

0.125-mm (0.005-in.) lead screen is placed in front of the film and also on the back side of the film. A 

vacuum cassette is then employed to ensure adequate lead screen-to-film contact. The cassette is then 

placed into the pipe section and compressed to conform to the inside diameter of the pipe.  

PNNL performed single-wall RT on all of the specimens because it produces the best detection and 

sizing capability. However, in field RT applications, double-wall RT is frequently performed as the piping 

system may be in operation or configured such that single-wall is not possible. However, because PNNL is 

using the RT as a method to establish true state, the best technique available was implemented. 

The software used by PNNL is the SENTINEL Vision HR software, which combines icon-driven 

operation with single-button filters, brightness, contrast, and gamma adjustments. The software initiates 

the phosphor plate reader, which has a 14-micron laser spot size and full 16-bit imaging (65,535 gray 
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levels). The phosphor plates are fed into the scanning area by wrapping around the feed drum. PNNL 

utilized the Scan-X drum phosphor plate reader in this study.  

 

 

ULTRASONIC EQUIPMENT 

Ultrasonic data acquisition was accomplished using the ZETEC DYNARAY system with a transmit-

receive shear-wave (TRS) 4.0-MHz PA probe. The 4.0-MHz probe was used because it was readily 

available for use, and while acceptable data were obtained, the probe is not expected to produce optimum 

results. This commercially available system is equipped to accommodate a maximum of 256 channels 

from PA probes and requires the use of UltraVision software. Its frequency pulsing electronics will drive 

probes in the 0.2–20 MHz range.  

The fine-grained carbon steel specimens supported the use of a shear wave transducer, thus enabling 

the use of the second- and third-leg data for flaw detection and sizing. The transmit-and-receive probes are 

identical in design and consist of a 32 × 1 element linear array with an active area of 32 × 16 mm (1.3 × 

0.63 in.) mounted on a Rexolite wedge. The wedge was curved to match the outside diameter of the 

carbon steel specimens and its footprint was 60 × 27 mm (2.36 × 1.06 in.). At 4.0 MHz, the probe 

produces a 0.8-mm (0.03-in.) wavelength in carbon steels and has a bandwidth of 84% at −6 dB. 

Data were acquired in a raster scan pattern. Figure 1 shows a generic pipe-to-pipe butt weld raster 

scan. Data is collected while scanning axially toward the weld, the scanner increments in the 

circumferential direction, returns and then collects data on the next line. This scanning orientation is 

specifically designed to detect flaws oriented parallel to the weld (circumferential flaws). The 

examinations were conducted from both sides of the weld. Circumferential scans for axial flaws were not 

conducted. 

 

 
 

Figure 1 – Axial raster scanning looking for circumferentially oriented flaws (parallel to weld centerline) 

 

When the weld crown is present, there is an access restriction that prevents scanning directly over 

the top of the welded area. The front of the probe wedge can go no further than the toe of the weld, which 

is approximately 12.5 mm (0.5 in.) away from the weld centerline. Therefore, to inspect the entire 

examination volume in the circumferential direction, the full-V and 1-1/2-V path (second and third legs of 

sound) examination techniques must be used (Figure 2). Shear mode examinations were performed, thus 

eliminating any mode conversions that would occur if longitudinal waves were employed. A true-depth 

focus was used, which intensifies the sound beam at the inside diameter of the pipe being examined, so the 

beam was fully formed before transmitting sound into the second and third legs. In the azimuthal 

direction, the insonification angles were swept, depending on the specimen thickness, from 45 to 75 

degrees at 5- or 10-degree increments. The reduction in angle and/or angle increments was conducted 

because the time base for data acquisition increased as thickness increased. When increasing the time base 

or the number of angles being swept through, the data file sizes are close to 2 Gigabytes, which slows 

down time of analyzing the data. One of the pipes being inspected had its weld crown ground flush so this 

pipe was re-scanned as if a weld crown was present; this implied that the probe front edge could not get 

closer than 12.5 mm (0.5 in.) to the weld centerline. Scanning resolution was 0.5 mm (0.02 in.) in the scan 
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and 1.0 mm (0.04 in.) in the index axis. 

 

 
 

Figure 2 – Sound path example using ½ V (first leg), full V (second leg), and 1-1/2 V (third leg) 

 

 

DATA ANALYSIS 

The data were analyzed for flaw detection, signal-to-noise ratio (SNR), length sizing, and depth sizing. 

Detection and length sizing will be presented in this section because these are the main two characteristics 

that can be directly compared between UT and RT.  

 

 

FLAW DETECTION 

During the UT and RT examinations of the four carbon steel welded specimens containing 34 implanted  

fabrication flaws, there were other non-geometrical indications observed. These “bonus” or unintentional 

flaws were located throughout the weld and surrounding area. A total of 90 bonus flaws were detected 

with a combination of both examination methods. Signal discrimination between intended and unintended 

flaws can be difficult due to masking of flaws in the same axial and circumferential positions or one flaw 

response giving a stronger response than others. When analyzing the data from each of the specimens that 

contain implanted flaws, the analysts relied on the flaw documentation provided by the manufacturer and 

verified by PNNL radiography to discriminate between implanted flaw responses and bonus flaw 

responses that were in close proximity. To compare the detection capability of each technique applied, 

flaw maps were created for each data set showing length and location of each detected flaw. As shown in 

Figure 3, red is the RT data, blue is the UT data and green is the information provided by the flaw 

manufacturer (where applicable). 

 

 
 

Figure 3 – Example of a radiograph being converted into a flaw map which is used to aid in interpretation 

of detection capability of UT (blue) and RT (red) 

 

Figures 4 and 5 are Venn diagrams that represent a summary of the detection results for all 

(implanted and bonus, respectively) fabrication flaws examined in this study. These Venn diagrams 

provide the number of flaws detected only by UT, only by RT, or by both UT and RT). The flaw types are 
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broken down into volumetric (SLG or POR) and planar (LOF, LOP, or CRK). The flaw types are 

determined by the RT classification for anything detected by only RT or by both UT and RT. If there were 

any fabrication flaws missed by RT, the flaw type was determined from the flaw manufacturer for 

implanted flaws and determined to be LOF for any bonus flaws. LOF is the type of flaw typically missed 

by RT according to the literature study [1] and confirmed by the implanted flaws missed by RT in this 

study. The detection and no-detection calls are made based on flaw maps created by the UT and RT flaw 

analysts that mapped the circumferential and axial position (distance from weld root or counter bore) for 

each flaw found. 

In Figure 4, which summarizes the UT and RT detection results for implanted flaws, it is clear that 

UT was able to detect all flaws except for one small porosity [5.3 mm (0.2 in.) in length]. RT missed 5 out 

of the 24 planar flaws  ranging from 5.7 mm (0.22 in.) to 21.1 mm (0.83 in.). The average SNR (UT only) 

for the planar flaws (CRK/LOF/LOP) was 29.1 dB and the average SNR for the volumetric flaws was 22.6 

dB, indicating that when using UT, both types of flaws can be clearly distinguished from the background 

noise in carbon steel material. 

The bonus flaw detection data are displayed in Figure 5. Both UT and RT found 20 flaws that were 

considered to be the same flaws for each method. There were, however, 38 flaws found only by RT and 32  

flaws found only by UT. The flaw length histogram in Figure 6 was developed to help explain why there 

are numerous flaws detected by only one method. Of the flaws detected by RT only, 31 were less than 4 

mm (0.15 in.) in diameter, which is smaller than the focal spot size of the 4.0-MHz PA probe; these 31 

flaws were considered acceptable when applying the Section III acceptance criteria. The two largest flaws 

found only by RT were a string of porosity and a convex root (CVX RT). These two flaws were masked 

by unacceptable implanted flaws in the same region. The implanted flaws were both planar flaws, which 

are more critical than the porosity or convex root. RT missed 32 flaws that were detected by UT. All of 

these flaws were assumed to be LOF as this type of flaw is typically missed by RT [1]. Furthermore, this 

assumption is supported by the fact that the implanted flaws missed by RT in this study were LOF. RT had 

difficulty detecting LOF flaws due to the relative orientation of the x-ray beam, and the flaws being 

masked in the same axial and circumferential position by other flaws. Unlike RT, which cannot detect 

through-wall  

 

 
 

Figure 4 – RT and UT detection results for all implanted (intentional) fabrication flaws 
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Figure 5 – RT and UT detection results for all bonus (unintentional) fabrication flaws 

 

extent, UT is able to detect these flaws at different depths in the thickness. The 32 flaws detected 

only by UT were not always detected from both sides of the weld, so if an inspector was only able to do a 

one-sided examination, some of these flaws would have been missed. Possible reasons for detecting a flaw 

from one side and not from the other side of the weld are orientation of the flaw and the angles used for 

inspection. Some flaws may not be detectable using the first leg of sound and a single inspection angle as 

seen in Figure 7 at 60 degrees. The flaw, however, is detectable at 70 degrees or with the second leg of 

sound at a 45-degree inspection angle. With the weld crown present or only having access to one side of 

the weld, another area of concern is fully insonifying the volume of the weld. To reach full coverage of the 

weld volume, phased array evaluations typically acquire data over multiple angles, along with the second 

and third leg of sound in one scan. Conventional single probe examinations would require multiple scans 

at different angles. 

 

 
 

Figure 6 – Histogram of the bonus flaws missed by UT (38) or RT (32) 
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Figure 7 – Schematic of a phased array multiple angle inspection 

 

 

FLAW SIZING 

A key benchmark used to determine the effectiveness and value of the inspection approach is to compare 

the length-sizing results from the evaluation against the ASME Code Section XI acceptance criteria for a 

successful performance demonstration. The ASME Code length-sizing criterion calls for a root mean 

square error (RMSE) less than 19.05 mm (0.75 in.). For this study, flaw length was measured at the −6 B 

(half amplitude) and −12 dB (loss of signal) points on the flaw response, which are the typical sizing 

methods used by inspectors. Length-sizing measurements for a majority of the data was straightforward 

and easily sized at the −6 dB and −12 dB levels, but some data required interpretation due to 

noncontiguous signals or interference from other signals that could not be removed with software gates. 

Due to the large volume of data produced in the detection and sizing section of this study,  

Table 2 presents a summary of the length sizing results in terms of RMSE values for all implanted 

and bonus flaws, from all four carbon steel specimens used in this study and scanning from both the near 

side and far side of the flaws. RT results are used as the true state. For porosity, slag, and LOF, typically 

the −6 dB sizing was better than the 12 dB sizing method. For LOP and cracks, the opposite was true 

where the −12 dB sizing fared better than the −6 dB. Many factors influence sizing results such as size of 

flaw, surface connectedness, flaw type, insonification angle, use of second and third leg of sound, etc. 

These factors were not fully investigated. All flaws met the current ASME RMSE length sizing criterion 

of being less than 19.05 mm (0.75 in.). This criterion is typically applied to cracks and may not necessarily 

translate to fabrication flaws. This is a technical gap that still needs to be addressed. The plus and minus 

sign after the RMSE values are indicators of typically over (+) and under (-) sizing the flaws, but does not 

mean for every flaw type that they were all over or undersized. The significance of over and under sizing 

these flaws relates to the potential to make a call to accept a rejectable flaw or reject an acceptable flaw 

when the appropriate acceptance criteria is applied. 

 

Table 2 – RMSE Length Sizing Summary: (-) indicates typically under sizing and (+) indicates typically 

over sizing 

 

 UT Length (4.0 MHz) 

Flaw 

Type 

Near Side Far Side 

6 dB 

RMSE 

12 dB 

RMSE 

6 dB 

RMSE 

12 dB 

RMSE 

Porosity 3.18 (-) 7.08 (+) 3.45 (+) 6.89 (+) 

Slag 5.41 (-) 8.96 (+) 8.70 (-) 8.99 (+) 

LOP 8.46 (-) 5.44 (-) 6.40 (-) 2.30 (-) 

LOF 8.24 (+) 10.45 (+) 6.03 (+) 8.26 (+) 

Crack 11.08 (-) 7.31 (+) 9.46 (-) 7.45 (+) 
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SUMMARY 

The assessment performed in this study included a comparison of UT and RT flaw detection and length 

sizing capabilities for carbon steel piping. Based on the results in this analysis, the following observations 

can be made for carbon steel piping welds: 

UT was able to detect all planar flaws that RT detected except for two small LOF that were 

approximately 1 mm (0.04 in.) in length. UT also detected five implanted and 32 bonus planar flaws that 

were missed by RT. Further, UT detected all but one of the volumetric flaws that RT detected. UT missed 

one implanted and 35 bonus volumetric flaws that were nominally less than 4 mm (0.15 in.), which is 

smaller than the focal spot size of the probe. Only one of the porosities was large enough to be 

unacceptable, but UT detected an unacceptable LOF in the same area so the area would have been repaired 

regardless of the porosity. UT’s most significant detection limitation is detecting small volumetric flaws 

that have less of an impact on the structural integrity of the specimen. One of the main advantages that UT 

has over RT in detection is its ability to assess through-wall depth information as well as its ability to 

discriminate flaws stacked throughout the thickness in the same circumferential location. In carbon steel, 

UT was able to detect flaws using the second or third leg of sound when the first leg of sound could not 

always be used because a weld crown was present.  It should be noted that this ability to use the second or 

third legs of sound is possible in carbon steel because it is a fine-grained material; however, this will not 

be the case for coarse-grained materials such as stainless steel. As such, the effectiveness of UT exams for 

other materials will have to be investigated.  

For all fabrication flaws evaluated, the length-sizing calculated RMSE values were within the 

ASME Code Section XI acceptance criteria of 19.05 mm (0.75 in.) for all flaws. This criterion is typically 

meant for cracks and may not necessarily apply to fabrication flaws. This is a technical gap that still needs 

to be addressed. UT is more likely to oversize slag, porosity, and LOF, which makes the flaws 

unacceptable when they should have been accepted. UT in this study tended to undersize cracks and LOP, 

which may cause an unacceptable flaw to be accepted when applying the appropriate acceptance criteria. 

There remains open issues that still need to be answered in future work by both industry and 

government regulators. Some of these issues are related to performance demonstration and acceptance 

criteria. There needs to be some consideration of whether ASME Code, Section XI, Appendix VIII UT 

performance demonstration requirements are applicable to repair/replacement activities since the 

inspection volumes and flaw types are very different from the pre-service/in-service inspections. 

Appropriate acceptance criteria must be defined for fabrication-type flaws. The acceptance criteria for 

fabrication welds are currently located in the ASME Code, Section III, which are based on workmanship 

standards meaning they are not based on fracture mechanics or structural integrity analysis. The 

acceptance criteria for pre-service/in-service welds for UT are located in the ASME Code, Section XI, and 

have been developed based on fracture mechanics, which allows a more realistic evaluation of the 

significance of the detected flaws based on structural integrity. This type of approach is referred to as 

fitness-for-service. Section XI acceptance criteria may result in poor workmanship and Section III may 

result in rejecting acceptable flaws. PNNL will be addressing additional NRC concerns in a more detailed 

technical letter report due later this year. 
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THE USE OF X-RAY TOMOGRAPHY IN DETERMINING DEFECT MORPHOLOGY 

FOR NDE MODELLING 

 

W. Daniels, S. Wedge, J. Taggart, C. Aerts, Serco, United Kingdom 

 

 

Modelling of NDT provides the industry with a valuable tool that aids NDT development and 

qualification and as the sophistication of NDT models increase, the ability to predict responses from more 

complex defects is enhanced. Confidence in the results from such models needs to be commensurate with 

model developments and consequently reliable validation evidence is needed. 

Whilst validation evidence can be provided through collecting experimental data the availability of 

real plant complex defects such as stress corrosion cracks (SCC) for such work are extremely rare and 

therefore there is a reliance on laboratory grown defects that simulate the real cases. The relevance of such 

evidence depends crucially on how well the laboratory grown defects represent real plant defects. 

This paper describes the processes that have been used for confirming the suitability of laboratory 

grown SCC and, in particular, the role of X-ray tomography in revealing the complex morphology of 

defects. X-ray tomography is shown to provide significant benefits over destructive examination by 

retaining the defect for future experimental work and by providing a continuous 3-D illustration of the 

defect structure. The paper describes how this approach has been used to confirm the validity of model 

results for specific applications and to support future model development. The paper also briefly describes 

an interesting spin-off use of the tomographic data in supporting finite element analysis of crack growth 

propagation  

 

 

 

 

 


