3.2 METHODS

3.2.1 Materials

Sections from different gas transmission pipelines containing stress corrosion cracks were used for
the present investigation. It is important to note that all the investigated pipelines exhibited different
chemical composition, dimensions, and service and processing conditions. Figure 8 to Figure 11 present

the as-received sections from all of the investigated pipelines.

Figure 9. As-received sections from pipeline #2.
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4.2.2 Non-Destructive Evaluation

As previously discussed, wet fluorescent magnetic particle inspection was carried-out in all of the
received sections from the pipeline #1; revealing a longitudinal crack with extensive branching in sections
11 and 12 (Figure 25A-B), this crack was located adjacent to the weld seam. Furthermore, multiple SCC
colonies demonstrating coalescence of cracks were observed in section 10 (Figure 25C). Cracks were
oriented in both directions—longitudinally and circumferentially. It should be noted that many of these
crack colonies were “non-classical” and apparently grouped in crack clusters with no particular orientation

relative to the hoop stress imposed in service.
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Figure 25. WMPI macrographs showing (A-B) longitudinal SCC cracks along weld seam and (C) "non-
classical" SCC colony oriented in both the transverse and the longitudinal direction.
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4.2.3 Chemical Analysis

The chemical composition of each section from pipeline #1 is presented in Table 8. Chemical
results indicate that pipeline #1 was manufactured to a rimmed steel practice and was not made to Si
and/or Mn deoxidation practice. Furthermore, the low residuals content (Al, Mo, Cu, Cr, and Ni) indicate

that this pipeline was not made to a fine grain practice.

Table 8. Pipeline #1 Chemical Composition

Pipeline #1
Section C Si Mn Cr Mo Ni Al Co Cu Nb
10 0.06 0.003 0.36 0.008 0.002 0.018 0.014 0.008 0.075 0.002
11 0.04 0.003 0.35 0.03 0.002 0.026 0.008 0.010 0.109 0.002
12 0.06 0.003 0.35 0.031 0.002 0.025 0.003 0.010 0.096 0.002
Average 0.05 <0.003 0.35 0.02 <0.002 0.02 001 0.01 0.09 <0.002

Pipeline #1
Section Ti \Y/ w Pb Zr Fe
10 0.001 0.020 0.023 0.010 0.001 Rem.
11 0.001 0.027 0.027 0.010 0.001 Rem.
12 0.001 0.001 0.020 0.010 0.001 Rem.
Average <0.001 0.016 0.023 <0.010 <0.001 Rem.

4.2.4 Elemental Mapping

Figure 26 and Figure 27 present the elemental mapping images from two different regions, near
the OD (left column) and from the core region (right column). Each chemical element is represented by a
specific color and the brightness corresponds to its concentration. Therefore, from Figure 27 it can be seen
that the core area exhibits a slightly higher C and Si concentration as compared to the OD, as well as larger
MnS non-metallic inclusions. On the other hand the OD was characterized by small particles containing

Si and a higher concentrations of Mn and S. No significant differences were observed in the P content.
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Outside Diameter Core Region

Figure 26. SEM image from OD (left) and the core region (right).
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Figure 27. Elemental mapping from a region near the OD (left) and the core (right).
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