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ABSTRACT:   The paper presents experimental measurements of flaw length sizing using soft 
palette gain and “hard gain” (machine attenuator). The data was evaluated on DAC level set at 
80% FSH, +6dB, +10 dB and +14 dB. The measurements were performed at -6 dB (not 
saturated), 50% FSH, 100% FSH for weld defects and 50% FSH, 20% FSH and min-max (10% 
FSH cut) for EDM notches. The measurements were taken for PAUT (T- and L-waves) and 
conventional UT (45 and 60 degrees T-waves). It was found that the errors increase with 
soft/hard gain increase. The errors may reach up to 5 mm for +14 dB increase (400% FSH) for 
EDM notches. The length error for irregular weld defects ranges between -30 mm (for -6 dB) to 
+ 8 mm (for +14 dB). If the length is larger than the beam spread and exceeds 20 mm, the 50% 
FSH is the best method to evaluate the length of saturated signals up to 200% FSH, and the min-
max (100% FSH cut) for signals with amplitude < 400% FSH (+14 dB)..  
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PROBLEM STATEMENT 
 
The periodic inspection of piping and pressure vessels welds has to provide reliable data related 
to weld flaws, such as location, maximum amplitude response, ultrasonic length, height and 
finally the nature or flaw pattern. The flaw is accepted / rejected based on this data. Some 
locations (patches) may become “hot”-dose over decades. Some flaws may change their 
ultrasonic response, namely increasing amplitude and length. Some PAUT inspections may be 
set-up as multi-channels (T-, and L-waves) encoded for one-line scanning (single index). The 
weld flaw response is compared to DAC. It is known OPEX that cracks of significant length and 
height (> 30 mm x 5 mm) could reflect ultrasounds and their amplitude could reach +6 to +14 dB 
above DAC level. The scanning sensitivity is, in general, set at DAC level + 14 dB + transfer 
values. There are many situations when weld flaws amplitude are saturated (>100% FSH). A 
proper length evaluation must be performed with flaw response set at 80% FSH (non-saturated). 
In some cases, PAUT recorded data was taken on high-dose patches in a single scan. Analysis of 
the data demonstrated some flaws got a “hot” response, and their evaluation must be performed 
on saturated amplitude. In many cases, technicians were exposed to 100 to 250 mrem/patch due 
to re-scans and length measurements of non-saturated amplitudes. Figure 1 presents a case of 4 
(four) measurements for a crack with actual length of 36 mm. Re-scan requires a guessing gain 
adjustment and 10-15 min work till a new file is saved. Assuming a patch with a dose of 200 
mrem/h, these re-scans will lead to a dose intake increase per technicians of 100-125 mrem. As 
end results, the error from the saturated (+5.5 mm-first scan) is acceptable, while the classical -6 
dB cut method (-4.5 mm-last scan) is under-sizing the crack length and is not acceptable by 
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inspection qualification tolerances. It is much better to correct for an over-sizing due to saturated 
amplitude vs an under-sizing based on -6 dB drop for non-saturated amplitude and save 100 
mrem/technician. Another advantage: the flaw pattern is better displayed on saturated 
amplitudes. 
  

 
 
Figure 1: Examples of length measurement for 4 scans with mono-crystal probe of 2.25 

MHz/13 mm dia and 60⁰ wedge on a crack of 36 mm long in a piping weld 8” sch 100. 
 
This paper presents experimental evidence to support the idea to correct for length sizing of 
saturated amplitudes. 
 
EXPERIMENTAL PROGRAM 
 
The experimental program consists of blocks with EDM notches, mock-ups with implanted weld 
flaws, ultrasonic equipment and probes. The data was encoded and length was measured using 
different techniques. Each event was independently measured three times in different time 
intervals. The blocks and mock-ups are presented in Table 1. Some examples are illustrated in 
Figure 2 to Figure 4. 
 

Table 1: Blocks and targets used for length evaluation 
 

Block ID Target nature Length [mm] Technique Remarks 
PDI-1A EDM elliptical 1, 2, 3 and 5  PAUT  Constant depth 32 mm 
PDI-1B EDM elliptical 4, 8, 12, 20 PAUT  Constant depth 32 mm 
PDI-1C EDM elliptical 10, 20, 30, 50 PAUT  Constant depth 32 mm 
45-60T EDM elliptical 5, 10, 15 PAUT  Constant depth  

BLOCK-0L-6ST EDM elliptical 3, 6, 12, 18 PAUT/CONV 6 STEPS 20-120 mm 
C1 EDM complex 34 CONV Only for 45 degrees 

REF BLK #!1 EDM elliptical 11 CONV Tilt 37 degrees 
REF BLK #2 EDM elliptical 24 CONV Tilt 22 degrees 
REF BLK #3 EDM elliptical 18 CONV Tilt 22 degrees 

SPEC BLOCK 1  Rect. notch 12, 24 CONV UT path 30 and 80 mm 
SPEC BLOCK 2 Rect. notch 12, 24 CONV UT path 50 and 120 mm 

Weld 1 Slag 24 PAUT/CONV 8 inch sch 80 
Weld 2 Crack 72 PAUT/CONV 14 inch sch 100 
Weld 3 Crack 36 PAUT/CONV 20 inch sch 100 
Weld 3 Porosity 10 DIA PAUT/CONV 20 inch sch 160 

 



 
 

Figure 2: Block 0L with 6 steps 20-120 mm and 4 EDM notches. Length of 18, 3, 12 and 6 mm. 
 

 
Figure 3: Blocks PDI 1-A, PDI 1-B and PDI 1-C with elliptical EDM notches. 

 
The ultrasonic equipment consists of Olympus NDT OMNISCAN 32/128 for PAUT and 
OMNISCAN 16/128 for conventional UT (A-B scans recorded). The probes are presented in 
Table 2. 
 

Table 2: Probes used for length evaluation 
 
Probe type Fc 

[MHZ] 
Other features Remarks 

GEIT QC 0.25” 2.25  Wedges of 45 and 60 deg On specular blocks 
GEIT QC 0.5” 2.25  Wedges of 45, 60 and 60 deg Interchangeable wedge 
Imasonic-P2 10 20 el, 0.31 mm, hard-face L-waves 
Imasonic-P74 10 16 el, 0.31 mm, hard face L-waves 
Imasonic-P43-45T 7 16 el, 0.6 mm, soft face, 45T wedge T-waves 
Imasonic-P66-45T 6 25 el, 0.4 mm, soft face, 45T wedge T-waves 
 



RESULTS 
 
The length of the small notches (< 10 mm) is influence by the beam spread in horizontal plane. 
There is a large error due to beam spread. The error is decreasing with notch length. This error is 
increasing with saturated amplitude or soft gain for a ratio 80% FSH to 400% FSH (14 dB). 
Figures 4 to 6 represents data for PAUT scanning on PDI blocks. The error depends on cut level, 
but is not exceeding 5 mm for min-max technique and notches with significant length (> 20 
mm). 
 

 
 
Figure 4: Length error for PAUT T-waves on small EDM notches. Black line is the actual notch 

length. Saturated amplitudes were measured using echo-dynamic and soft gain palette. 



 

 
 
Figure 5: The influence of soft gain and cut level on length measurement for PAUT probe P66-

45T and PDI notches with length of 8-50 mm.   
 
 

 
 

Figure 6: The influence of saturated amplitude on length measurement for PAUT L-waves. 



The same effect is noticed to conventional probes. This error is not exceeding 5-8 mm for an 
amplitude increase up to 800% FSH (see Figure 7). 
 

 
 

Figure 7: The length error for min-max method EDM notches with length 4-20 mm for 45T 
mono-crystal probe. Errors are not exceeding 5-8 mm. 

 
The trend is smaller for longer and complex notch. The errors are less than 2 mm for a gain 
increase of 20 dB (see Figure 8). 
 

 
 

Figure 8: Length error of a complex notch L=34 mm for mono-crystal probe of 45 degrees. 
 



A min-max cut of saturated amplitude is leading to a crack length error of 2 mm (see Figure 9). 
 

 
 
Figure 9: Length error of a crack detected by 60T mono-crystal. Length evaluation was 

performed based on B-scan pattern (last significant tip), not on classic -6 dB drop. If -6 
dB method is applied without crack pattern in B-scan, the length error is -31 mm! 

 
The same min-max method leads to a slag length error of 4 mm (see Figure 10). 
 

 
 

Figure 10: Length error of a slag detected with 45T mono-crystal. Length evaluation was 
performed by -6 dB drop for non-saturated (left), 50% FSH for +6 dB (middle) and 
by min-max (cut at 100% FSH) for +14 dB (right). Error not exceeding 4 mm. 

 
A nest of porosity is correctly sized by -6 dB, by 50% FSH cut and by min-max 100% FSH (see 
Figure 11). 
 

 
 

Figure 11: Length sizing for a nest of porosity detected by 70T mono-crystal. Left: -6 dB; 
middle: 50% FSH cut for +6 dB; right: 100% FSH cut for +14 dB.  



CONCLUDING REMARKS 
 
The errors due to saturation of amplitudes are not exceeding 10 mm. Small EDM notches are 
oversized, regardless of method. Errors are within the acceptable tolerances. The best methods 
are: 
 

- 50% FSH cut for signals with amplitude < 200% FSH,  
-  min-max method (cut at 100% FSH) for signals with amplitude < 400% (all saturated). 

 
There is no need to re-scan flaws with variable amplitude. The B-scan added to A-scan has a 
major contribution to a correct length evaluation of flaws with variable amplitude along their 
length (such cracks and intermittent slag inclusions). The average error for weld flaws with 
length > 20 mm is about 5 mm (over-sizing). This error is acceptable within the limits of in-
service inspection practice. 
 
ACKNOWLEDGEMENT 
 
The authors wish to thank the OPG-IMS Management for granting the publication of this paper. 


