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Abstract. This article will demonstrate that weldolets can be inspected for cracks on
stream at high temperatures using Eddy Current and single sided Time of Flight
Diffraction technique (V-ToFD). More techniques are even possible, but were not
applied as these were too expensive or took too long to develop. The safety of the
staff is the most important operational constraint.
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Introduction

Within the petro chemical industry high-pressure steam lines with operating temperatures
in excess of 500 ºC are in use. Branches are built using weldolets to connect the run pipe to
the headers. To shorten the shutdown time to inspect these vital steam lines, an on-stream
inspection methodology has been developed. This approach covers both the detection and
sizing of external and internal cracks.
The development covered feasibility trials at ambient and elevated temperatures. For the
detection and sizing of external cracks, extensive specifications have been written in which
all weldolets to be inspected at SNC Moerdijk together with their diameters and wall
thicknesses are specified. Guidance and support was given to the inspection companies to
write an inspection procedure for the detection and sizing of external cracks. In this case
two inspection companies (Delta Test GmbH and Kontroll Technik) were invited to
develop and implement the eddy current inspection method using a scanner with a 3-axes
indexer.
For the detection and sizing of transverse internal cracking in hot weldolets single sided
Time of Flight Diffraction technique (V-ToFD up to 480 ºC) was regarded as the best
possible available option by the site. The single sided Time of Flight Diffraction technique
has been developed by Sonovation to examine the complicated weldolets at high
temperatures (up to 480 ºC) and had only to be used on 6” weldolets. For internal cracks VToFD was capable to size all artificial cracks ranging from 2 up to 8 mm.
No cracks exceeding the specified reporting limit of 2 mm were found. Safety issues such
as proper clothing, access, teams with 3 persons and no visitor allowance were well
addressed within the risk analysis and working procedures.
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2

Approach

2.1 Scope
Cracking was found in welds of weldolets of high-pressure steam lines. The specific plant
needed an inspection approach that ensured that external cracks and possible internal cracks
were detected and sized in April 2006 as an input for their pre-stop programme for a major
shutdown at the end of September 2006.
This article shows the design of a methodology with the set-up, execution and reporting of
Eddy Current measurements on welds of weldolets of low alloy carbon steel. The purpose
was the detection of cracks emanating from the surface of the connecting welds, and all
surface breaking defects in the welds on both sides of the weldolet at elevated temperatures
up to 550 ºC.
The approach led to an inspection which has reported all indications exceeding a reference
defect of 2.0 mm. Please note that it was required to detect the cracks and also to size
indications found. The eddy current signals should be such that noise caused by the weld
roughness can be differentiated from crack signals.
2.2 Type of cracks
In the past different defects have been found in weldolets:
1. External cracks in the weld of the weldolet in the circumferential direction near the
Heat Affected Zone (HAZ).
2. Internal cracks in the weldolet in the circumferential direction next to the weld (only
to be expected in the furnace lines). This part was covered using V-ToFD.
3. Branched surface cracks in the run-pipe where the weldolet is welded upon (only to
be expected in the furnace lines).
4. Creep in the HAZ of the run-pipe near the weldolet.
In this article only the external cracks listed under (1) are considered.
2.3 Access
The scan locations were the welds on both sides of the weldolet and the area around the
weldolet was made accessible, as shown in the following Fig. 1. The test area was free from
deposits e.g. isolation material or any thicker mineralization and was sand blasted.
The safety of the staff is the most important operational constraint. Where required the
object will be accessible by provision of scaffolding and free of insulation and plating.
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Figure 1: Example of a cleaned weldolet and a weldolet with only the insulation removed

The run pipe, weldolet and branches are made of low alloy carbon steel, most commonly
2.25Cr-0.5Mo steel. The wall thickness range is 12 mm up to 55 mm. The outer diameter of
the run pipe ranges from 6 inch and larger.
The object temperature will generally range from 480 ºC up to 515 ºC. The process
temperature (up to 550 ºC) does not have any significant effect on the eddy current signals.
2.4 Type of weldolets
Weldolets come in different forms and thicknesses. For the design of an inspection system
this could be a serious problem as attachment of a scanner or sensors may not be possible.
Different forms of weldolets are shown in Fig. 2. This will have impact on the location of
the cracks and the V-ToFD application.

Figure 2. Examples of the different weldolet configurations encountered during the investigation
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3.

Trials

3.1 Suitable NDE techniques for weldolet inspection
The NDE techniques considered are listed in Table 1.
Detection Æ

Hot at 515 °C

Ambient

External cracks

Eddy Current Technique
(ECT)
Acoustic Emission

Magnetic Particle Inspection
Eddy Current Technique
Acoustic Emission

Internal cracks

ToFD / V-ToFD
Phased Array
EMAT (Angle beam)
Phased Array EMAT
Acoustic Emission

ToFD / V-ToFD
Phased Array
EMAT (Angle beam)
Phased Array EMAT
Acoustic Emission

Table 1: possible techniques considered for detection and possible sizing of internal and external cracks

3.2 Trials for the detection and sizing of external cracks by ECT.
In order to validate the ECT, trials were executed. For the trials several plates with different
spark eroded notches were manufactured, see also Fig. 3.

Figure 3. One of the calibration plates used for the trials (note the high temperatures in the picture on the
right)

Figure 4. The weldolet used for the feasibility trials (note the high temperatures in the picture on the right)

Also half a weldolet from another location was available, which was used in the feasibility
trials to demonstrate that detection and sizing with ECT was possible, even at high
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temperatures (730 °C). This half a weldolet contained five different external notches and
seven different internal notches for validation purposes, as shown in Fig. 4.

Figure 5. Plot of the signal amplitudes versus notch depth at several temperatures

Figure 6. Plot of phase shift for the signal of artificial notches and the noise emanating from the weld for
different temperatures

During the trials it was found that the signal amplitude increased by 40% due to the
temperature rise of the sample from 20 °C up to 350 °C. Higher temperatures of 550 °C and
730 °C did not show a further increase of the signal amplitude, as can be seen in Fig. 5.
Also a phase shift in the signal existed between signals coming from the weld noise and the
spark eroded notches. This difference appeared most dominantly at 730 °C. This means that
the signal separation between defects and noise emanating from the weld was better at
higher temperatures, as shown in Fig. 6.
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4.

On stream scanning for external defects

4.1 Specification and procedures
For the detection and sizing of external cracks, extensive specifications were written in
which all weldolets to be inspected together with their diameters and wall thicknesses were
specified. Valuable experiences from the trials were written down in the specification. The
most important point was that indexers are required for all axes in which the probe may
move. This allowed for a direct output as a C-scan plot of the acquired data, see Fig. 8.

Figure 8. Examples of the C-scan images from both eddy current scanners

4.2 Scanners
Guidance and support was given to the inspection companies to write an inspection
procedure for the detection and sizing of external cracks with ECT. In this case two
inspection companies (Delta Test GmbH and Kontroll Technik) were invited to develop
and implement the eddy current inspection using a scanner with a 3-axes indexer. Both
companies built the scanners in a very short period of time. Both scanners are shown in Fig.
9 and 10.

Figure 9. The scanner of Kontroll Technik
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Figure 10. The scanner of Delta Test

5.

Results

All weldolets (58 pieces) with branches of 3 inches and more were inspected. The system is
capable to size external cracks up to 8 mm depth (clipping occurs at 6 up to 8 mm due to
the size of the probe). Cracks with this depth will lead to an immediate shutdown for repair.
Safety issues such as proper clothing, access, teams with 3 persons and no visitor allowance
are well addressed within the risk analysis & working procedures and for each new team
member additional instructions were given.
In Table 2 an overview is given of the performance of both ECT inspection companies.
There is no significant difference between both, as can be seen in Table 2.
Item

Kontroll Technik

Delta Test

Sensor shape

Round

Line segment

Max. depth for sizing

Approx. 6…8 mm

Approx. 6…8 mm

Trial temperatures

350 / 550 / 730 °C

350 / 550 / partial 730 °C

Localisation

Requires an indexer for both circumference and Z-axis

Cooling

Air flow

Scan-time half a weldolet

< 4hrs, including scanner
mounting
(~ 2 min.)
> 80%

< 4hrs, including scanner
mounting (~30 min.)

<5%

<10%

Estimated POD, based on trials and
specification
Estimated FCR based on trials and
specification

>80%

Table 2. Performance of both excellent ECT scanning systems.
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