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Soil Corrosion and Integrity 
Management of Buried Pipeline  
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For a variety of reasons, the topic 
of soil corrosion experienced by steel 
pipelines conveying petrochemical 
products has become a great concern 
among operators, engineers and re-
searchers. For over a century, soil cor-
rosion has been recognised as one of 
the factors that contribute to the failure 
of buried pipelines. In general, soil cor-
rosion is a destructive mechanism due 
to the reaction with the environment 
which can degrade pipeline reliability 
and so reduces both its static and cyclic 
strength. 

Without a proper monitoring sys-
tem, the dynamic progress of corro-
sion may cause the pipeline to leak or  
rupture, and a pipeline failure can 
cause serious human, environmental 
and financial losses. A long and sustai
nable operation life of buried pipelines 
is expected owing to the potentially 
heavy financial losses if an ongoing 
operation has to be suspended to allow 
for the repair and replacement of the 
new section. 

Buried pipelines face erratic 
corrosion attack, although maintenance 
is done regularly, due to factors related 
to soil conditions. These factors are 
largely governed by uncertainties, and 
the problem is these factors do not affect 
the pipeline equally at all locations on 
account of the complex phenomenon 
of soil behaviour. This is a connotation 
explaining that corrosion does not grow 
at the same rate throughout a pipeline. 

Some parts of the line may be 
overprotected or under protected since 
the intensity of the cathodic protection 
and coating life are uniformly designed 
for external protection. It is important 
for the operators to identify corrosion 
defects which are active or growing, 
only then can predictions of future 

corrosion severity for each and every 
defect can be made.

There is a multitude of variables 
that influences corrosion in soil which 
is related to physico-chemical charac-
teristics such as the role of microbes 
in soil corrosion, pH, temperature, 
moisture content, soil resistivity, redox 
potential, soluble ion content, oxida-
tion-reduction potential and chloride 
content (Cl-) as well as the position of 
the water table. Although preceding 
research focused more on the effect of 
physico-chemical characteristics of soil 
upon corrosion dynamic, the effect of 
soil microstructure cannot be neglect-
ed. The dynamics of corrosion may 
vary according to soil types. 

Soil engineering properties such 
as plasticity index, plastic limit, liquid 
limit, shrinkage limit and the size of 
particle distribution may contribute to 
the divergence of corrosivity of soil. 
For instance, dry, sandy and rocky soils 
are regarded as high-resistance (low 
conductivity) soils compared to clays, 
alluvial and all saline soils, i.e. those 
of low conductivity, which are the 
least corrosivity [Bayliss and Deacon, 
2002; Rim-rukeh et. al., 2006; Ismail 
and El-Shamy, 2009]. This makes the 
corrosion process in soil more complex 
than that in water although the basic 
electrochemical process is the same 
[Chance, 2003; Rim-rukeh et. al., 2006; 
Ismail and El-Shamy, 2009].

External metal loss due to corrosion 
as experienced by buried pipelines can 
be monitored and detected through 
a variety of assessment methods, 
including In-Line Inspection (ILI) and 
the direct assessment method. ILI tools 
such as mechanical pigging operating 
based on magnetic flux leakage 
(MFL) or ultrasonic (UT) principles 

are well designed to provide detailed 
information about the size, orientation 
and location of corrosion and other 
types of anomalies on a pipeline. It also 
provides information regarding the 
areas vulnerable to eventual failure. 
Areas with severe corrosion which 
could compromise pipeline integrity 
can be identified, assessed and 
subsequently repaired. However, since 
the condition of a pipeline is not a static 
state, corrosion that is not immediately 
addressed will continue to grow and 
may pose a threat to pipeline integrity. 

Projecting the future growth of de-
fects in order to determine the likeli-
hood of time to failure of operational 
pipelines is not a straightforward task. 
This is due to inherent uncertainties 
associated with soil properties, mate-
rial properties and imperfect measure-
ment by the inspection tool. Hence, 
the monitoring of corrosion growth 
turns out to be less effective since no 
reliable prediction can be made due to 
the complexity of the corrosion mecha-
nism. The need for a reliable empirical 
model especially for the external con-
dition by the operators intensifies. 

A reliable model be it empirical, 
theoretical or mechanical models is 
much needed to assess the remaining 
life of corroding pipelines at the 
time of inspection as well as in the 
future. It can also be fully utilised to 
assist the operators in designing a 
risk-based maintenance programme, 
which is more cost-effective and less 
conservative than the current practice 
of time-based maintenance program, 
(pre-set time interval of maintenance 
period) to secure the reliability of 
the line against corrosion attack. 
Risk-based maintenance prioritises 
inspection and repair activities by 
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predicting the future condition of the 
corroding line. 

For over a decade, researchers who 
have put great effort into developing 
a reliable predictive model of external 
corrosion for buried pipelines include 
DeWaard and Milliams [1993], Nešić 
et al. [2001], Katano et al. [2003], Nor-
sok [2005], Velazquez et al. [2008] and 
Alamilla et al.[2009], just to mention a 
few. Current interest in this field shows 
that ongoing research has a tendency 
to integrate the empirical analysis of  
corrosion (laboratory-based experi-
ment) with metal loss data acquired 
through ILI and maintenance records. 
The integration is vital since results 
that solely rely on laboratory tests 
could not represent exactly the actual 
corrosion environment on site. The  
integration method involves the fitting 
of inspection data with the theoreti-
cal model to determine the pattern of  
corrosion dynamic [Noor et al., 2007].

Corrosion models that take into  
account the effects of soil physico-
chemical characteristics and engineer-
ing properties towards metal loss rate 
may give a clearer picture on the fre-
quency of inspection, as well as deter-
mine the level of protection for the 
cathodic protection, inhibitors and 
coating along the lines. This is to en-
sure the pipelines are not overprotect-
ed nor under protected since different 
soil conditions may lead to the diver-
gence of the corrosion rate along the 
pipeline. Without a profound know-
ledge of the corrosion rate, any basis 
for the setting of re-inspection inter-
vals will be badly mislead. The bet-
ter we understand corrosion dynamic  
behaviour, the better the integrity 
planning decisions will be. n   

[2] Bayliss, D. A. and Deacon, D. H.  
(2002). Steelwork Corrosion 
Control. (2nd edition). New Fetter 
Lane, London: Spon Press.

[3] Chance, A.B., (2003). Helical 
Screw Foundation System De-
sign Manual for New Construc-
tion. Copyright 2003 A.B. Chance 
Company, Centralia, MO. 

[4] De Waard, C. and Lotz, U. 
(1993). Prediction of CO2 Corro-
sion of Carbon Steel, CORRO-
SION/93, paper No. 69. Houston, 
TX: NACE International, 1993.

[5] Ismail, A. I. M. and El-Shamy,  
A. M. (2009). Engineering Beha-
viours of Soil Materials on the 
Corrosion of Mild Steel. Applied 
Clay Science. 42 (2009). 356-
362.

[6] Katano, Y., Miyata, K., Shimizu, 
H. and Isogai, T. (2003). Predic-
tive Model for Pit Growth on Un-
derground Pipes. Corrosion. 59 
(2). ProQuest Science Journals. 
pp. 155-161.

[7]	 Nešić,	 S.,	 Nordsveen,	 M.,	 Max-
well, N. and Vrhovac, M. S. 
(2001). “Probabilistic Modelling of 
CO2 Corrosion Laboratory Data 
using Neural Networks”, J. Corro-
sion Science, 43, p. 1373 (2001) 

[8] Noor, N.M., Smith, G.H., Yahaya, 
N., ‘Probabilistic Time-Dependent 
Growth Model of Marine Corro-
sion In Seawater Ballast Tank’ , 
MJCE, Vol. 19, No. 2, 2007

[9] NORSOK (2005). CO2 Corrosion 
Rate Calculation Model. Norwe-
gian Technology Standards Insti-
tution,  NORSOK Standard No. 
M-506.

[10] Rim-Rukeh, A. and Awatefe, J.K. 
(2006). Investigation of Soil Cor-
rosivity in The Corrosion of Low 
Carbon Steel Pipe in Soil Envi-
ronment. Journal of Applied Sci-
ence Research. 2 (8), 466-469.

[11] Velázquez, J. C., Caleyo, F., 
Valor, A. and Hallen, J. M. (2009). 
Predictive Model for Pitting Corro-
sion in Buried Oil and Gas Pipe-
lines. Corrosion. 65 (5). ProQuest  
Science Journals.

reFerenCeS  

[1] Alamilla, J. L., Espinosa-Medina, 
M. A., and Sosa, E. (2009). Mod-
elling Steel Corrosion Damage in 
Soil Environment. Corrosion Sci-
ence (In press). 


