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Effect of Soil Corrosion in Failures of Buried Gas
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Abstract—In this paper, a brief review of the corrosion
mechanism in buried pipe and modes of failure is provided together
with the available corrosion models. Moreover, the sensitivity
analysis is performed to understand the influence of corrosion model
parameters on the remaining life estimation. Further, the probabilistic
analysis is performed to propagate the uncertainty in the corrosion
model on the estimation of the renaming life of the pipe. Finally, the
comparison among the corrosion models on the basis of the
remaining life estimation will be provided to improve the renewal
plan.
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I. INTRODUCTION

OIL corrosion initiates in buried cast iron pipe as it

remains in contact with the surrounding soil. The soil
corrosivity is influenced by several factors like level of
“aeration”, “water retention”, “dissolved salt content”, “soil
resistivity”, “acidity” and “presence of ionic species”.
Aeration decreases the probability of corrosion by maintaining
the environment dry whereas water retention in the soil
accelerates soil corrosion. Similarly, dissolved salt content
increases soil corrosion due to the higher conductivity of the
dissolved soil. On the other hand, soil resistivity reduces soil
corrosion rate by resisting current flow through the soil. In
acidic environment soil corrosivity is increases and in the
same way presence of ionic species also increases the rate of
soil corrosion.

Over the last few years, several failures in the transmission
and distribution gas pipelines have been reported around the
world. Soil corrosion has a significant contribution in the
failure of buried cast iron gas pipe. Beavers and Thompson [1]
stated that in natural gas transmission pipelines around 36%
accidents are occurred due to external corrosion and 63%
accidents are occurred due to internal corrosion while in
natural gas distribution pipelines only 4% accidents are
occurred due to corrosion (external corrosion). Most of the
cases, failure in buried gas pipe occurs due to the formation of
“Graphitisation”. When iron oxide combined with graphite in
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the exterior wall of the pipe, the resulting substance is known
as graphitization. This is the product developed due to
corrosion and it is familiar as corrosion pit. This is the
“unique” property of cast iron pipe [2]. The presence of
corrosion pit appears as a normal layer on the pipe surface.

The failure of buried gas pipeline is control by number of
factors such as pipe material, soil corrosion, internal and
external loading, and third party etc. Among all these factors,
the soil corrosion has been identified as a factor having
significant contribution towards failures both small and large
diameter pipes. However, a limited numbers of studies have
been reported in literature to understand the effects of soil
corrosion on the failure mode and mechanism of buried pipes.
The soil corrosion is normally modeled analytically with time-
varying parameters, which determine the rate of corrosion and
corrosion pit depth at a particular time interval. Number of
corrosion models is developed over the years; however, the
applicability of the model predominantly depends on the type
of soil and the soil moisture change over the time at the pipe
depth. The remaining life of the pipe is estimated on the basis
of the pipe corrosion and applied loads, which determines the
stresses in the pipe segment. The failure will occur when the
pipe stress exceeds the capacity, which reduces with time due
to several factors such the reduction in wall thickness due
corrosion, creep effect and fatigue etc. The estimation of
remaining life of the pipe can show significant variability due
to the selection of the corrosion model and consequently effect
the pipe renewal and rehabilitation plans that finally have
economic impacts. Therefore, it is important for the pipeline
authorities to understand the effect of corrosion models in the
remaining life calculation.

II. BACKGROUND

Different techniques were adopted by several researchers to
predict the corrosion level in buried pipelines. Kumer et al. [3]
developed a corrosion status index (CSI) to understand the
condition of cast iron gas pipe. Dolaec et al. [4] propose a
power function to correlate “pit depth” with the age of pipe.
Randall-Smith et al. [5] concluded that corrosion pit grow at a
constant rate and expressed a linear model to determine the
remaining life of the buried pipe. To control corrosion in
buried cast iron cement lined pipe, [2] proposed a “diffusion
process” by dispersing ferrous ion from graphitization zone
and concluded that corrosion is a function of “soil moisture
content”, “soil density” and “soil water quality”,
“microbiological activity” and “temperature”. For instance,
case study for failure analysis of high pressure natural gas was
conducted by [6] and [7] and concluded corrosion as the major
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factor to occur failure of buried gas pipe. Cooke et al. [8]
conducted probability analysis in occurring failures in gas
pipelines and also considered the corrosion as an important
parameter. Moreover, [9] formulated “probability density
function” to estimate the extent of damage in underground
pipes due to corrosion and also carried out simulation to get an
idea about the damage rate in a particular affected position
occurred by corrosion. Besides, [10] determined failure
probability in the defected locations of buried pipe on annual
basis. Lee and Pyun [11] also conducted the analysis to
evaluate failure probability in underground pipe considering
corrosion as a significant factor.

The major common types of failures in buried cast iron pipe
is blowout holes and pin holes. Blowout hole is a common
type of failure in the small diameter pipe which occurs due to
the combination of corrosion and the internal gas pressure
through the pipe. The corrosion pit usually tends to reduce the
thickness of the pipe wall. Consequently, at any particular
point on the pipe wall where corrosion pit already made and so
the pipe section sufficiently thinner, gas pressure blows can
easily create holes resulting in such type of failure. Diameters
of the holes can be varied depending on the corrosion pit as
well as the gas pressure [12]. Blowout holes can be appeared
near the top or bottom of the pipe. Again, pin hole in buried
cast iron pipe is also occurred due to corrosion. In this type of
failure, a narrow width holes and high depth pit is created on
the surface of the buried cast iron pipe. Besides,
circumferential failure, longitudinal cracking, and wedge splits
are also accelerated because of the presence of the corrosion
pit. So, considering corrosion as a crucial reason in the failure
of buried cast iron pipe, analysis on some corrosion model is
conducted in this study to predict the failure time of the pipes.

III. CORROSION MODEL

Rajani et al. [13] developed a corrosion model to predict the
soil corrosion pit depth over exposure time period of buried
cast iron pipe. The model is capable of determining the pit
depth for low corrosive, medium corrosive and also high
corrosive soil. The derived exponential model by Rajani et al.
[13] is as follows:

d=at+k(l —e—cr) (1)

Here, a is Minimum corrosion rate (mm/ year), k and c is
Corrosion parameter (mm), d is Corrosion pit depth and 1 is
Exposure time period for cast iron pipe. The feasible range of
a, k and ¢ is 0.0042 to 0.0336, 1.95 to 15.6 and 0.058
respectively including all types of soil of any corrosive level
[13]. Again, [14] derived another corrosion model to predict
the pit depth of buried cast iron pipe:

d=kTn 2

Here, d is corrosion pit depth, T is exposure time of buried
cast iron pipe, k and n are constant. Figs. 1 and 2 illustrate the
predicted corrosion depth following the models proposed by
[13] and [14] respectively.
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Fig.1 Variation of Corrosion Pit Depth with Exposure Period [13]
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Fig. 2 Variation of Corrosion Pit Depth with Exposure Period in
different models [13], [14]

IV. SENSITIVITY ANALYSIS

Sensitivity analysis is used as a helpful tool in order to
identify the input constants which have more significant
effects in increasing the pit depth. Sensitivity analysis is
carried out for both of the corrosion models that described in
the previous section. Fig. 3 illustrates the influence of the
constants a and k for corrosion model of [13] over time period
and Fig. 4 shows the variation of effects of k and n with
exposure time of buried cast iron pipe for the model of [14].

Three different parameters are mentioned for the prediction
of pit depth in buried cast iron pipe in the model of [13].
Among these, the value of one parameter is given as constant
for any type of soil by [13]. So, in the sensitivity analysis, the
effect of two parameters is studied. For each parameter,
sensitivity analysis is conducted to the extent of 25% higher
and lower amount from the median value and the summation
of the values of the parameters normalized to 100%. Fig. 3
illustrates the effect of two parameters (a and k) in the
variation of pit depth over a selected range of time period for
the model of [13]. The figure shows that the parameter “k” has
much significant influence (about 95%) to accelerate the pit
depth in compared to parameter “a” and the effect is more
significant at the initial stage of pipe life. However, the effect

418



International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:10, No:4, 2016

of parameter “k” reduces gradually with the period of time. On
the other hand, the effect of parameter “a” increases slightly
over the time period. The combined effect of the parameters
“a” and “k” are expected to be highest in developing pit depth
at 50 years to 60 years of the service life of buried cast iron

pipe.
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Fig. 3 Effect of a and k over time period

In the model of [14], two parameters are introduced to
determine the pit depth at various time period of buried cast
iron pipe. In this case, the sensitivity analysis is also carried
out in the similar way as conducted for [12]. Fig. 4
demonstrates the effect of the two parameters (n and k) on the
predicted pit depth throughout the service life of the buried
cast iron pipe. At the initial stage of the service life of the
buried pipe, the parameter “k” has a higher (about 20%) effect
than the parameter “n”. However, immediately after the initial
period, the effect of “n” tends to increase gradually and the
effect of “k” tends to decrease slightly. At about 30 year life of
the buried pipe, both the parameters contribute equally. As the
pipe age increases to terminal value of the selected range, the
effects of the parameters become nearly constant and the
effect of “n” becomes more significant compared to that for
the parameter “k”.
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Fig. 4 Effect of n and k over time period

V.DETERMINATION OF SERVICE LIFE OF BURIED PIPE

The service life of buried cast iron pipe is determined by
using both of the models proposed by [13] and [14]. To
conduct this, a small diameter buried cast iron gas pipe with
300 mm diameter and 15 mm thickness is selected. The pipe is
assumed to be buried at 800 mm below the ground level and
surrounded by soil density of 20 KN/m?®. The buried pipe
experiences gas pressure of 70 kpa and ultimate strength of the
pipe section is 100 MPa. In the analysis, lateral earth pressure
on the pipe section is not considered and only cross-section of
the pipe is considered for stress calculation instead of 3D
model. The details are illustrated in Fig. 5.
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Fig. 5 Details of buried cast iron pipe

A number of combinations are formed by using the
variables demonstrated by [13] and [14]. These combinations
are utilized to predict the pit depth in buried cast iron pipe in
several years with the models proposed by [13] and [14].
Consequently, the remaining thickness of the pipe is
determined for each combination and the corresponding
maximum stress and factor of safety is calculated as:

Omax = pr/t + qr¥/2t 3)
FS = Oult/ Omax 4)

Figs. 6 and 7 show the variation of factor of safety with
time period for the selected buried cast iron pipe. Figs. 6 and 7
show that for any combination, the factor of safety decreases
with the increase of the exposure period of buried cast iron
pipe. The life time of buried cast iron gas pipe is determined
as the exposure period at which the factor of safety becomes
one. With the selected combinations, in model of [13], the
pipe is predicted to be break down at 80 years of service life.
In the model of [14], the predicted failure time for the pipe is
90 years.
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Fig. 6 Determination of service life of buried cast iron pipe (using
model of [13])

VI. CONCLUSIONS

Soil corrosion has significant adverse effect in the
degradation of the surface of the buried cast iron pipe and
consequently developing pit. The prediction of corrosion pit
depth is crucial to determine the remaining life of the cast iron
pipe. In this study, a brief review is presented regarding the
prediction of corrosion pit model by several researchers.
Among these, the models proposed by [13] and [14] are used
to conduct the sensitivity analysis for buried cast iron gas pipe.
In the model developed by [14], the parameter “k” has more
significant influence on producing pit depth compared to the
parameter “a”. However, with the increase of exposure time,
the effect of parameter “k” is decreases and the effect of
parameter “a” is increases although the variation is very small.
In the model of [13], the contribution of parameter “k” in
developing pit depth continues to decrease and the effect of
parameter “a” continues to increase moderately with time.
However, at about 30 years of service life of the buried cast
iron pipe, equal effect is observed from these two parameters.
Moreover, using these two models, different combinations are
formed to observe the variation of factor of safety with time.
The remaining life of the pipe is also estimated from these

variations for models of both [13] and [14].
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Fig. 7 Determination of service life of buried cast iron pipe (using
model of [14])
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