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Abstract

Introduction: Fitness-for-service (FFS) assessment is one of the standard
methods used in oil and gas structures. This method is for assessment the
defects of pipes and equipments, which can be operated without repair or
replacement if the existing defects are within the accepted range of this
standard.

Methods: During inspection of an 7-km-long pipeline made of API X52
steel carrying hydrocarbons containing wet H2S, hydrogen-induced
cracking (HIC) and Lamination was found at different locations along the
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Bl Wi pipeline length. Microstructural investigations by scanning electron
-m:'ﬁsq:‘-ﬁ microscopy (SEM) showed stepwise cracking (SWC) as the result of the
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presence of MnS inclusions. Fitness-for-service (FFS) assessment based on
API579-1/ASME FFS-1 was performed to decide on the pipeline
serviceability.

Findings: The finite element analysis (FEA) results showed that the HIC-
damaged pipeline was acceptable per level-3 FFS requirements and the
pipeline understudy was fit for service. The remaining life of the damaged
pipeline should also be periodically monitored using failure assessment
diagram (FAD).
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Extended Abstract

Introduction

Pressurized components such as pressure
vessels and piping systems in the oil and
gas industries need reliability to ensure
safety and continuity of operation.
However, these components will degrade
over service time and therefore their
integrity decreases. Different standards
such as API579-1/ASME FFS-1, BS7910, and
R6 have been used to perform fitness-for
service (FFS) assessment for the degraded
components using advanced engineering
techniques. The precise
provided in these standards can be used to
make decisions on serviceability of these
components to operate safely without any
problems. Therefore, FFS assessment helps
us to decide on returning the damaged
components into service, re-rate, or to be
completely retired. FFS assessment based
on API 579-1/ASME FFS-1 evaluates
different damage types on three different
levels including general corrosion and local
thin area (LTA) ,widespread or localized
pitting , hydrogen-induced damage
(including hydrogen-induced cracking (HIC)
and blistering), shell distortions, weld
misalignment, fire damage, crack-like flaws,
dents, gouges, laminations, and creep and
fatigue. FFS assessment in each level is a
right balance of conservatism, required
information, and moreover the skill of the
one performing the assessment. In general,
the output of level 1 in all different damage
types is conservative as compared to level 3
leading to realistic results. The assessment
in level 3 normally is based on detailed
numerical and experimental analyses to

instructions

provide the most detailed evaluation that
produces results that are more precise and
realistic than other levels.

HIC damage assessment procedure based
on API579-1/ ASME FFS-1 should address
the potential of failure due to loss of load
bearing capability and also the potential of
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failure due to fracture. These two failure
potentials should be considered separately
to determine the acceptability of the HIC-
damaged components whether to return to
service or replace. API579-1/ASME FFS-1
accepts the damaged component for
continued operation pending the outcome
of fracture assessment based on the failure
assessment diagram (FAD). The FAD
approach is widely used because it provides
a convenient method to determine the
acceptability of the damaged component.

Findings and Discussion

SEM images along with EDS analyze of the
prepared samples in the longitudinal
direction of the pipe are shown in Fig. 1a-c
in which SWC (indicated by dashed circle) is
obvious. In addition, one of the SWC
resulting from two cracks interacting is
shown in Fig. 1b. EDS analysis was
employed to characterize any inclusions
assisting in cracking. As one can see in Fig.
1c, the inclusion is rich in Mn and S;
therefore, this inclusion is manganese
sulfide (MnS). Steels with S are susceptible
to HIC damage because MnS inclusions
during hot rolling form planer defects in
which hydrogen easily traps to initiate HIC
damage .

HIC-damaged Zone Away from Weld Line As
it mentioned before, the damaged pipe is fit
for continued operation pending the
acceptance  of fracture  assessment.
Therefore, two crack-like flaw assessments
should be analyzed based on FAD approach,
one for the longitudinal and the other for
the circumferential direction. In this
analysis, since the magnitude of
circumferential stress is twofold of
longitudinal one, therefore, only
longitudinal crack-like flaw was considered
herein. The length of the longitudinal crack-
like flaw should be set to the length of
longitudinal extent of HIC damage zone (as
shown in Table 2). Moreover, the crack-like
flaw depth in the through-thickness
direction should be set to the maximum
extent of HIC damage. The 3D finite element
(FE) part containing an embedded crack in
the longitudinal direction is shown in Fig. 5.
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The shell-to-solid coupling technique was
used herein to model longitudinal crack-like
flaw with a refined mesh in a solid part
coupled to the shell edge. This method is an
effective way to obtain an accurate solution
in a solid region containing a crack. The
mesh design for the crack tip region is a
focused mesh that has elements
concentrated at the crack tips. Primary
stress intensity factor K was determined
by only primary load due to internal
pressure. Figure 6 represents the von Mises
stress distribution of the embedded crack in
longitudinal direction during operating load
of 2 MPa. It should be noted that when the
embedded flaw is not located in the middle
of the pipe thickness, the remaining
ligaments are not the same for each side
which in turn leads to different stress
intensity factors for the crack tips.
Therefore, higher stress intensity factor was
considered for the assessment in this
research. The primary stress intensities,
which are corresponding to the primary
load (Kff) were calculated 1.1 and 3.7 MPa

Vm at ¢=0 and 90, respectively.

Conclusion

This current investigation assessed a HIC
and Lamination damaged pipeline in level 3
API 579/ASME FFS-1. The results show that
the damaged pipe was accepted to safely
operate without any problems. The future
damage extension should be monitored
through failure assessment diagram when
the HIC-damaged zone is away or located on
weld line. The results show that welding
residual stress has a significant effect on
crack driving force calculations but when
welding residual stress release considered
in the assessment more realistic results will
be acquired.
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