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External Corrosion of Carbon Steel Pipeline Weld Zones
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Carbon steel welded pipelines are used extensively in the oil and gas industry for sub-sea applications. The evolution of weld
zone corrosion with time is of interest. Quantitative data for weld zone corrosion are scarce, particularly for longer-term
exposures. Herein observations are reported of the pitting corrosion of API X56 Spec 5 L grade pipeline steel exposed
continuously to natural Pacific Ocean seawater for 3.5 years. Observations are extended by comparison to similar steels
exposed for up to 30 years. It is shown that the corrosion mass loss, maximum pit depth, and pit depth variability are not
simple linear functions of exposure time as often assumed in practice, but are more complex functions.

INTRODUCTION

Carbon steel pipeline applications include pipelines conveying
fluids through the water column, along the sea bottom, and to the
topsides of offshore platforms. They include flexible and rigid
risers, such as Top Tensioned Risers, Steel Catenary Risers, and
Hybrid Catenary Risers (Bai and Bai, 2005). One problem is that,
particularly in the Tropics, steel exposed to seawater tends to
corrode and pit at a high rate. This is important for the exterior of
pipelines. Despite various corrosion protection measures, corrosion
remains one of the chief causes of failure for pipelines used in the
marine offshore environment. A recent survey found that some
36% of failures of offshore pipelines were attributed to (localized)
corrosion as the failure mechanism (Mott McDonald, 2003). For
risers, some 70% failed in the splash or immersion zones, both
regions in which it is difficult to inspect pipeline condition and
to carry out maintenance. Similarly, certain environments make
external pipeline condition inspection difficult or impossible, and
there are situations for which conventional corrosion protection is
not practical, either as a result of a harsh environment or because the
existing measures cannot be inspected to ensure continued viability.

For these reasons the corrosion that may occur on the external
surface of exposed steel pipelines under splash and immersion
corrosion conditions is of interest. Of particular interest is the
amount of corrosion, and its form, under longer-term exposures.
Moreover, the corrosion that occurs on welds is of even greater
interest since it is argued that typically the weld metal and/or
heat-affected area corrode selectively (Matsushima, 2011), at least
for shorter-term exposures along the longitudinal welds of steel
pipelines. Most of this appears to be pitting corrosion, and the rate
is higher in the heat-affected zone (HAZ) (Vetters, 1978; Hunkler et
al., 1987; Bai and Bai, 2005). The present paper summarizes recent
findings of a research project concerned with the corrosion along
the external longitudinal weld on pipelines constructed from steel
to specification X56 in accordance with API Spec 5L. In doing
so, the results of a 3.5-year field exposure study are compared
to results for other steels exposed in similar environments. The
3.5-year field results are also compared with recent observations
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on welds from a tubular steel structure exposed for 33 years in
generally similar Pacific Ocean seawaters. All show pitting as
the predominant corrosion phenomenon. The maximum pit depth
trends are then compared between the weld, heat-affected, and
parent metal zones and are also compared with previously reported
pit depth results for mild steels exposed in similar conditions.

PITTING CORROSION

Pitting corrosion is generally considered to initiate at physical or
chemical surface in-homogeneities, such as inter-metallic phases,
non-metallic inclusions, grain boundaries, dislocations, defects,
or mechanically-damaged sites (Szklarska-Smialowska, 1986).
Most of these observations are laboratory-based, and there is
still some controversy about the precise mechanisms involved in
pitting nucleation and initiation (Shifler, 2004). From a practical
perspective, field observations show that for structural steels in
seawater, pit initiation occurs within hours, if not sooner, after first
immersion and then grows quite rapidly to tens of microns in depth
(Butler et al., 1972). Some but not all pits continue to increase
in depth and size and eventually coalesce to form “broad pits,”
within which newer pits may then initiate and grow (Jeffrey and
Melchers, 2007). This last phase, occurring months to years after
first exposure for immersion conditions, often sees a significant
increase in the rate growth of pit depth. This rate appears to depend
on water temperature and has been attributed to the development of
anaerobic conditions at the surface (Melchers, 2005a, 2011). Such
conditions can support the presence of anaerobic microorganisms
such as sulphate-reducing bacteria (SRB). Their rate of metabolism
has been associated with increased corrosion and in particular
with pitting under anaerobic conditions (Daumas et al., 1993). The
principal metabolite generated by the SRB is H2S, and this is known
to be the direct cause of localized corrosion (Melchers, 2005b).

As noted, for welds, it is known that the most severe corrosion
is pitting corrosion and that this is worse for the HAZ than for
either the weld zone or the parent metal (Hunkler et al., 1987).
Practical observations have led this to be associated with factors
such as surface finish, thermal stresses, and variations in grain
structure between the weld metal, HAZ, and parent metal (Eid,
1990). The HAZ may be more prone to pitting corrosion because
of the nature of its formation during the welding process, with
a significant short-term thermal gradient occurring between the
weld metal and the parent metal followed by quite rapid cooling
(Mor et al., 1974). Generally, such a thermal cycle results in a
coarser grain structure; however, it is argued that greater proneness




