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Abstract: In the present paper some results are shown in the application of advanced 

ultrasonic techniques, on two different industrial systems. These applications are the inspection of 

several kilometers of pipes of different diameters and the inspection of a liquefied gas storage 

sphere. The techniques used were Phased Arrays (PA), Time of Flight Diffraction (TOFD) and 

Guided Waves (GW). The strategies were established and specific procedures were generated for 

each case. In the present work we explained in a general way what they consisted. In the particular 

case where the guided wave technique was applied, a strategy was developed that complied with 

all the established documents despite the fact that not much information was available, especially 

regarding the methodology to be followed once different types of anomalies with different level of 

importance were detected. 

Key words: ultrasonic guided waves, storage sphere inspection, ultrasonic phased 

array technique and TOFD. 

 

 

1.0 Introduction. 

The use of advanced ultrasonic techniques in the industry is becoming more frequent in 

monitoring the structural integrity of different industrial systems [1-10]. The first requirement was 

to carry out a study of the volumetric integrity of the welds of the body of a liquefied gas storage 

sphere, where the welds of the supports were included. Several NDT techniques were employed, 

in addition to the fundamental inspection procedure using advanced ultrasonic techniques.  

The second job was to inspect the integrity of a piping system with different diameters. For 

this case the guided wave technique with the possibility of focusing was used as a primary 

ultrasonic technique, to meet the proposed objective. The objective of this paper is to present, in a 

summarized manner, the general methodology of all the activity involved in the two case studies 

presented. Additionally, the work done is expected to be useful mainly to engineers and 

supervisors in the areas of project maintenance and evaluation, as well as those responsible for the 

management of physical assets, production and operation in the oil industry. 
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2.0 Case Study 1: Inspection of the welds of the body and the supports of a 

sphere. 

The selected inspection was performed using TOFD and PA techniques. For this, the 

nomenclature of the scan segments was defined in all the joints of the circumferential welds (C1, 

C2, and C3, etc.) and vertical welds (M1, M2, M3, M4, etc.), as indicated in Figure 1. The scans 

in each joint were generated in segments of 500 mm length each. These scans were descending for 

the vertical welds and for the circumferential welds, they were anti-clockwise. 

Figure 2 shows part of the scan plan established for the inspection of the welds of the sphere 

supports, using the ESBeamTool ® system. 

Figure 3 shows the echo corresponding to a side drilled hole introduced in the reference 

block built specifically for the development of this inspection. 

 

Figure 1. West Side View. Representative diagram, valid for the inspected sphere, where 

examples of the nomenclature used for the horizontal welds C1, C2, C3 and C4 are given and for 

the upper vertical welds M1, M2 and M3, ... M14, for the central vertical welds M15 , M16, ... 

M30, and for the lower vertical welds M31, M33, ... M44. In addition, the supports listed are 

shown according to the convention adopted. Note: the supports were covered with an anti-

flammable material ("fireproof") that prevented their direct access. 
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Figure 2. Simulated coverage of the ultrasonic beams generated in the proposed configuration, 

based on the use of the ESBeam Tool ® modeling system. 

 

 

Figure 3. Visualization and dimensioning of the reference defect in the constructed pattern, with 

the sectorial configuration developed for the inspection of the welds of the supports. 
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The setup of the inspection procedure by PA to the welded joints corresponding to the 

legs-body joints in the sphere was implemented from the construction of several reference pieces 

specially designed for this application and using the same materials and methods used in the 

construction of the sphere. The angle between the plate welded to the support and the part 

corresponding to the body of the sphere was varied in order to simulate the effect of the variable 

angle of the original joint, based on the estimated technical characteristics of the system design 

(See Fig. 4). 

 

 

 

 

Figure 4. Weld joint between the sphere´s body and the legs. 

 

The inspection by PA was done manually and continuously, for each weld joint on 

each support. The scans in each joint were carried out starting from the left end until reaching 

the right end of the support. 

From these reference points, continuous, overlapping and "zig-zag" manual scans were 

made for each weld as shown in Figure No. 5. 
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Figure 5. Scanning and inspection of the welds in the sphere supports. 

 

3.       Results obtained and Discussion. 

 From Figure 6 to Figure 9, the most representative images obtained from TOFD are 

shown, corresponding to the detected discontinuities (bounded in a violet rectangle) in the 

joints of the body of the sphere. 

 
 

Figure 6. Image corresponding to a section of 500 mm in M3 weld (see Fig. 2). In the 

image you can see a light concavity in the root, delimited by the rectangle. 
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Figure 7. Scan corresponding to weld M33 (see Fig. 2). In the image you can see a 

concavity in the root, delimited by the cursors. 
 
 

 

 
 

Figure 8. Scan corresponding to the M5 welding (see Fig. 2). In the image you can see 

an intermittent slag line, throughout the entire scan at a depth of 18 mm aprox. This 

feature was found in several welds. It was considered that this was a manufacturing 

defect in the component, which did not constitute a risk for the integrity of the system, 

considering a non-relevant discontinuity, but it was decided to report it by its length. 
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Figure 9. Scan corresponding to weld M42 (see Fig. 2). In the image another concavity in 

the root can be appreciated. It appears delimited by the cursors and a violet box. 
 

 

The results of Phased Array inspections in the welded joints in each leg did not show 

relevant discontinuities using the developed procedure. A visual inspection was made to the 

near area from these welds (once the protection layer or "fireproof" was partially removed). In 

figures 10 and 11 the condition of the surfaces of some of the legs of the sphere are shown 

(legs 2 and 3). 

It was recommended the implementation of inspection techniques, which would establish 

the integrity of the legs of the sphere, even below the protective layer ("fireproof"). 
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Figure 10. Detail of the level of corrosion found on the surface of the leg 02 together with an affected 

area on the surface of the sphere. (The weld bead is highlighted with discontinuous white dots). 

 

 
 

Figure 11. Area affected by corrosion in the body of the sphere (Support 03). The 

weld bead was highlighted in the image, with discontinuous white dots. 
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4.0    Case Study 2: Application of the Guided Waves technique in the 

inspection of pipes of different schedules. 
 

4.1  Introduction 

 

The present work was developed at the request of the industry. The Teletest® Focus + 

system from Plant Integrity were used together with the Teletest® WaveScan software, where 

different types of pipes were inspected, among which are: 

• Naphtha line of 20 in diameter and 3 km in length. 

• Gas line and sub-sections of 20 in, 12 in, 10 in and 6 in of external diameter and with an 

approximate length of 1 km. 

The objective of this inspection was to detect all anomalies that compromised the structural 

integrity of the pipelines. Subsequently, the anomalies found would be evaluated individually with 

complementary techniques that would allow quantifying them in more detail, for decision making 

and subsequent monitoring. The duration of the work of acquisition of all the necessary data, and 

the analysis of the discontinuities found, was approximately four weeks. 

 

4.2  General description of the work. 

 

For the application of the technology a specific procedure was developed, which 

complied with all the recommendations, accepted regulations and it is described in a document 

property of C2000, SA. In Figures No. 12 A and B, representative images of several inspected 

pipelines are presented. 

The NDT techniques used were: 

• Guided waves with focus, 

• Conventional ultrasonic techniques in first approximation (Thickness Measurement, 

by direct contact, pulse-echo) and, 

• External visual inspection. 

The personnel assigned to perform the tests, the acquisition of the data in the field and 

its subsequent interpretation had the necessary certifications according to CSWIP and ASNT in 

the techniques used. 
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Figure 12 A) Naphtha line of approximately 3 Km. B) Gas line (inside plant). 

 

4.3    Results obtained. 

 

The analysis of each test in the inspected lines, leads to the determination and location of 

detected anomalies. For this, tens and even hundreds of tests ("shots") executed with the 

configuration presented from Figure 13 A to Figure 13 G, shown below, were analyzed. The 

reports included all the results obtained from the focusing processes for each anomaly, it was a 

great help for the purpose of characterizing them individually in a more rigorous manner. 
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Client  Datum Point Weld 

Site Location Plant Test Direction Both 

Tool location TL17 Test Operator RO 

Pipe Ident. Línea 20 inch Collection Date  

Nominal Dia. 20 in Tool Type 5 Ring Torsional 

Wall Thickness 15,48 mm Diagnostic Length -45,7m to 43,1m 

Procedure C2000-001-
LRUT 

  

 
Figure 13 A) A-Scan corresponding to position TL17, where the characteristics of the inspected section are 

represented and additional anomalies were reported in different positions and intensities. 

 

 
 
 
 

 
 
 

Figure 13 B) B-scans representation, where the anomalies were reported using their longitudinal and angular location 

in the inspected pipe. 
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Table 13 C) Summary table of the anomalies reported. 

 

Distance relative to 

Datum 
Indication Description Comments 

Priority 

-45,78m Weld   

-44,98m Cat 1. Dir 1 Low 

-43,17m Cat 1. Dir 1 Low 

-35,29m Cat 1. Dir 1 

Ang. 315 

Low 

-34,85m Cat 1. Dir 1 Low 

-34,28m Weld   

-28,60m Cat 1. Dir 1 Low 

-22,96m Weld   

-22,30m Cat 1. Dir 2 

Ang. 180 

Med 

-11,56m Weld   

0,00m Weld   

5,72m Cat 1. Dir 1 

Ang. 0 

Low 

7,41m Pipe Support   

8,16m Pipe Support   

9,11m Cat 1. Dir 1 

Ang. 180 

Low 

10,78m Weld   

15,53m Cat 1. Dir 3 

Ang. 180 

High 

22,07m Weld   

23,16m Cat 1. Dir 2 

Ang. 0 

Med 

31,62m Weld   

35,20m Cat 1. Dir 1 Low 

43,11m Weld   
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Focusing Result  

d) 

Test Frequency 36kHz 
Wave Mode Torsional 

Test Direction Forwards 
Focal Distance 7,5m 
Distance from 

datum 
9,11m 

 
Focusing Result  

e) 

Test Frequency 36kHz 
Wave Mode Torsional 

Test Direction Forwards 
Focal Distance 13,92m 
Distance from 

datum 
15,53m 

 
Focusing Result  

f) 

Test 
Frequency 

36kHz 

Wave Mode Torsional 
Test Direction Forwards 
Focal Distance 21,55m 
Distance from 

datum 
23,16m 

 
Focusing Result  

g) 

Test 
Frequency 

36kHz 

Wave Mode Torsional 
Test Direction Forwards 
Focal Distance 33,59m 
Distance from 

datum 
35,2m 

 
Figures 13 D - G. Focus patterns of four of the anomalies reported in Table 13 C). 

 

In the following Table 14, only a summarized part of some of the most representative 

results obtained in the inspection carried out is presented, with the purpose of describing the 

methodology used. In each case, the anomaly found is presented, together with its location 
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and where additional techniques are suggested for its monitoring and sizing, after a specific 

analysis. 

In principle, the anomalies that had obtained high and medium follow-up priorities were 

emphasized. A complete characterization of the system can extend the monitoring also to the 

anomalies of low priority (this would be at the discretion of the client, taking into account the 

additional costs). From the results found, the following approach was proposed. 

It is important to clarify that in each specific case (each anomaly) in principle a different 

monitoring technology may be needed. 

For the case that concerns us, and after having processed the results using the Guided 

Wave technique, we proposed the following methodology in the present order: 

1. Visual inspection, determination and exact location on site of each anomaly found: It is 

important to clarify that due to the physical principles of propagation of the guided ultrasonic 

modes employed, the exact location of the anomalies, regardless of whether it appears well 

defined in the A-scan corresponding to each test (shot), can have a variation ± 1.5 meters 

compared to the reported value. This location will always be with respect to the Datum used 

in each trial. That is why it is important to perform an external and internal exploration, for 

the exact determination of the anomaly in the pipeline. The advantage of the angular location 

offered by the focusing process is an additional aid offered by the system. 

2. Measurement of thicknesses: This basic ultrasonic technique, in addition to allowing 

the quantitative determination of areas with loss of thickness, also helps the process of exact 

location of reported anomalies. 

3. Use of Advanced Ultrasonic Techniques: Depending on each particular case and for 

those extended anomalies, which were detected on the internal surface of the pipeline, 

techniques such as Corrosion Mapping (using PA), TOFD and / or Phased Arrays were 

recommended for the characterization and dimensioning. 
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Table 14. Example (summary) of the results obtained and presented. 
 

Date 

 

File   

Name 

 

Meters 

(m)/ 

Forward  

 

Meters 

(m)/ 

Backwards  

ANOMALIES 

CATEGORY 

/ LEVEL 

FOLLOW UP 

Location with 

respect to the 

corresponding 

Datum (m) 

 

Suggested follow-

up technique 

NAPHTHA LINE 20 in 

Day 1 TL01 23.98 12.13 NO   

Day 2 TL02 40.77 28.56 NO   

Day 2 TL03 17.06 36.22 NO   

Day 2 TL04 9.23  4 Cat 1, Low   

Day 2 TL05 25.75 27.18 NO   

Day 2 TL06 24.56 31.54 1 Cat 2, Med Location: 

22.28 ± 1.5 m 

1- Visual Testing 

(VT). 

2- Thickness 

Measurement. 

3- Corrosion Mapping 

with PA (315° – 0°) 

Day 2 TL07 41.40 24.45 1 Cat 2, Med Location: 

26.54 ± 1.5 m 

1- Visual Testing 

(VT). 

2- Thickness 

Measurement. 

3- Corrosion Mapping 

with PA (90° - 

180°) 

Day 3 TL08 35.24 31.08 NO   

Day 3 TL09 24.14 24.37 1 Cat 1, Med Location: 

10.42 ± 1.5 m  

1- Visual Testing 

(VT). 

2- Thickness 

Measurement. 

3- Corrosion Mapping 

with PA (120° – 

140°) 

Day 3 TL10 4.06  NO   

Day 3 TL11  4.00 NO   

Day 3 TL12 48.91 24.21 1 Cat 2, High Location: -

22.32 ± 1.5 m 

1- Visual Testing 

2- Thickness 

Measurement 

3- Corrosion  

Mapping with PA 

(0° – 90°) 

Day 4 TL13 42.18 40.47 NO   

Day 4 TL14 47.11 39.50 1 Cat 2, Med 

1 Cat 1, Low 

Location: -

26.07 ± 1.5 m 

 

1- Visual Testing 

2- Thickness 

Measurement 

3- Corrosion 

Mapping with PA 

(315°– 0°) 

Day 4 TL15 40.44 36.06 1 Cat 1, Low 

1 Cat 1, Med 

 

Location: 

26.62 ± 1.5 m 

 

1- Visual testing 

2- Thickness 

Measurement 

3- Corrosion mapping 

with PA (180°) 

Day 4 TL16 38.54 40.53 1 Cat 1, Low 

2 Cat 2, High 

 

Location: 

28.07± 1.5 m 

Location: 

30.43 ± 1.5 m 

1- Visual Testing 

2- Thickness 

Measurement 

3- Corrosion mapping 

with PA  (315°) 

4- Corrosion mapping 

with PA  (180°) 

Day 4 TL17 54.08 38.33 NO   

 
Note: Each reported anomaly has been represented with the color corresponding to the Priority Level, 

presented in Table 15 (below). 
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As a summary of the work for all the pipelines inspected, the results obtained were 

concentrated with anomalies categorized in 1, 2 and 3 (depending on the amplitude of the 

reflected signal) and interpreted with a Low, Medium and High follow-up level, from the 

severity of each of them. Finally, it was established three Priority Levels for future monitoring 

purposes. 

 
Table 15. Summary of total anomalies found in Guided Wave inspection and the 

proposed level of monitoring. 

 
Level of 

Follow-up 

Category 1 Category 2 Category 3 

 

Low 

 

 

58 

 

--- 

 

--- 

 

Medium 

 

 

18 

 

34 

 

--- 

 

High 

 

 

13 

 

15 

 

3 

 
 Low Priority 

 Medium Priority 

 High Priority 

 

5.0     Conclusions. 

 
From the results of the ultrasonic inspection using the PA technique in the welded 

joints of the supports of the inspected sphere (and indicated in Table 1), no relevant 

indications were obtained. However, areas of localized external corrosion were reported, 

close to some welding cords of the bases of the system. 

The results of the inspection carried out using the technique of TOFD and PA showed 

the state of the welded joints in the body of the sphere. The results were better detected 

using the TOFD technique. 

In our case, the visual inspection of the nearby area was more important, once the 

layer of fireproof was partially removed, which indicated an appreciable external corrosion 

percentage due to lack of maintenance and monitoring. 
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In the case of the study by guided waves, it was recommended to follow the 

methodology summarized below, according to the criteria issued for each case: 

1. Re-inspect all reported areas (anomalies) according to the results of the Guided Wave 

technique, using the Ultrasound technique of Thickness Measurement as a first approximation. 

Additionally, a Corrosion Mapping was recommended using more advanced ultrasonic 

techniques, with the objective of quantifying specifically the degree of thickness loss in the 

cases that apply. For those cases reported in which corrosion is found in welding, the use of 

techniques such as Phased Arrays and / or TOFD with the same purpose was suggested. 
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