
Journal of Applied Sciences Research, 2(8): 466-469, 2006
© 2006, INSInet Publication

Corresponding Author: Rim-rukeh, Akpofure, Department of Integrated Science, College of Education, P.M.B 2090, Agbor,
Delta State.

466

Investigation of Soil Corrosivity in the Corrosion of Low Carbon Steel Pipe in Soil
Environment

1Rim-rukeh, Akpofure and 2Awatefe, J. Kehinde

1Department of Integrated Science, College of Education, P.M.B 2090, Agbor, Delta State.
2Department of Chemistry, College of Education. P.M.B 2090 Agbor, Delta State.

Abstract: Corrosion of a 10-inch crude oil pipeline was investigated by analyzing the physico-chemical
characteristics of the soil environment. The concentrations of the soil parameters examined in the study are;
pH(5.6-5.8), temperature (19-20.2oC), moisture content (42-44%), resistivity (28-32 ohm-cm),redox potential
(-80-95 mV) and Chloride (183-187µg/g)). The soil is clayey in nature. Corrosivity of the soil samples was
evaluated using the AWWA C 105 numerical scale. A total summed index of 21 was obtained which indicates
that the soil tested was extremely corrosive.
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INTRODUCTION

The corrosion of underground structures is a very
widespread problem. Structures such as natural gas and
crude oil pipelines and water mains are only some of the
many structures reported to have been affected by soil
corrosion all around the world[8,15,16]. When a gas or crude
oil pipelinesfails, there is a high degree of environmental,
human and economic consequences. For example, in
August 1983, a major pipeline (Ogoda-Brass 24”) failed
at Oshika village in Ahoada Local Government Area of
Rivers State and an estimated 5,000 barrels was spilled.
The cost of the incident was conservatively put at $1.5
million[12]. Failure of water mains can be equally
disruptive because people depend on it for various
purposes.

The fundamental cause of the deterioration of
pipeline buried underground is soil corrosion[10]. Soil is a
complex material, a porous heterogeneous and
discontinuous environment constituted by mineral or
organic solid phase, water liquid phase and air and other
gas phase. Steel pipeline corrode in soil by complex
electrochemical processes because of the presence
different soil electrolytes. The factors that influence
corrosion in soil are numerous as soil type, moisture
content and the position of the water table, soil resistivity,
soluble ion content, soil pH, oxidation-reduction (redox)
potential and the rates of microbes in soil corrosion.

The transportation of crude oil and gas by land from
production area to distribution terminal is through
pipelines in Nigeria. For the purpose of security and
safety all such pipelines are buried beneath the earth
surface to a depth of about 1.1 m. Most pipelines are

made up of low carbon steel allied with C-Mn. Elemental
composition of X60 low carbon steel as reported [2] is
presented in Table 1.

Low carbon steel, although susceptible to corrosion
is widely used because of its low cost, high strength and
the ease of field make up by welding. Crude oil and gas
pipelines in Nigeria are usually protected externally by
wrapping with cement or polyamide or expoxy resin
coating couple with a cathodic protection system with
minimum specific potential of-850mv (Cu/CuSO4).

This study was motivated following the repeated
failure as a result of corrosion of the Obrikom-Ebocha
10-inch pipeline carrying crude oil from Ebocha oil
field to Ebocha oil centre. Within a spate of two years
(2004-2005), 8 cases of failure along the pipeline route
wasreported [9]. In corrosion failureanalysis Videla[21] and
Stein[19] suggested the laboratory examination of the
environment where the affected metal is located and the
inorganic deposits of the corroded materials. This paper
presents the findings in the area of soil corrosivity testing
to determine whether physico-chemical analysis of the
soil samples has diagnostic and predictive values to
implicate soil corrosion in the corrosion problems
experienced along the Obrikom Ebocha 10-inch pipeline
route.

MATERIALS AND METHODS

Geographic location and physiographic description:
The Obrikom-Ebocha 10-inch pipeline route is about
4km from Ebocha village in Ogba-Egbema-Ndoni
Local Government Area (ONELGA) of Rivers State
(Fig. 1).
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Fig. 1: Location of Obrikom-Ebocha 10-inch Pipeline in relation to Ebocha Village.

Table 1: Elemental composition of X60 low carbon steel.
C Mn P S Cr N1 M0 V Cu Al
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.199 1.59 0.016 0.018 0.015 0.007 0.008 0.004 0.024 0.024

The area is located within the Latitude 5o451-6o35 1

andLongitude 4o501-5o 151 in thesouthern part of Nigeria.
The area is typical of Niger Delta floodplains. It is mostly
seasonal swamp forest. The main crops planted are
cocoyam, yam, cassava, maize, plantain and bananas.
Palm trees abound and oil mills are common in the area.
The soil in the area is clay loam. Previous study of the
meteorology of the area[6] reveals that the atmospheric
temperature to be 25.50C in the rainy season and 30.10C
in the dry season. The daily relative humidity values
ranged from 55.5 percent in the dry season to 96 percent
in the rainy season. Analysis of monthly rainfall data
indicates the lowest rainfall averages values of 25.33mm
in the dry season to 314.82mm in the rainy season.

Soil samples collection: Soil samples for the study were
randomly collected at three sites along the 10.7km
Obrikom-Ebocha10-inchpipeline route, within the month
of October 2005. At each of the selected site, samples
were collected at a depth of about 1m. Samples were
collectedin polyethylene bags and taken to thelaboratory
immediately for analysis.

Soil corrosivity parameters: Adopting the AWWA
C105 and DPR[5] standards for soil corrosivity testing
the following parameters were analyzed for in the
collected soil samples; pH, temperature, soil type,

moisture content, resistivity, redox potential and
Chloride (Cl-).

pH and temperature were determined directly using
the multiparameter quality monitor (Model 6000 UPG).
Soil type was evaluated using the following
characteristics: ability of water to penetrate soil, the ease
with which soil was washed off the equipment and the
consistency of the soil when manipulated in one’s hand.

Moisture content of the soil samples was determined
using the weight loss technique. 5g of each sample was
dried in a drying oven at 105oC for 24 hours. The weight
difference between the sample before and after
evaporation was regarded as the moisture content.
Resistivity of the soil samples was determined using
Ohmmeter (KSL-45). The soil samples were saturated
with distilled water and placed in different rectangular
boxes with an open top. The boxes were filled to the top
with soil. The value of resistivity was evaluated using
equation 1.1

Where;
(resistivity) = of the soil samples in ohm-cm
R (Resistance) = resistance of the soil samples in Ohms.
W = Width of the soil box in cm
L = Length of the soil box in cm
D = depth of the soil box in cm.
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Redox potential (Eh) of the soil samples was
determined using an Orion multimeter (Model 1260)
combined with platinum electrode immersed directly in
soil sample saturated with distilled water and value of the
potential was noted after its stabilization. Chloride (Cl-)
content of the soil samples was determined using
Argentometric method[14].

RESULTS AND DISCUSSIONS

Soil corrosivity values in terms of the pH,
temperature,soil type, moisturecontent, resistivity, redox
potentialand chloride obtained from thesoil investigation
are presented in Table 2.

pH of the soil samples were within the range 5.6-5.9.
The samples were slightly acidic. Bradford[4] suggested
that acidic environment with pH < 6 are more corrosive
than pH from 6-8 or alkaline pH>8. The acidity of the
medium mayhave resulted from humicacid (HA) formed
from organic matter. It has also been observed that soils
can become acidic due to leaching of basic cations (Ca2+,
Mg2+ Na+ and K+) by rainwater[2]. Acidic medium of soil
sample promotes its corrosivity. However, evaluating the
corrosivity of the soil samples against its pH, using
AWWA C105 standard, a corrosive index of 0 (zero) was
obtained. This implies that the soil samples were not
corrosive.

Temperature is an important parameter in the
investigation of soil corrosivity, because it canmodify the
interactions between the metal and the soil conditions.
Temperature of the soil samples were within the range of
19oC-20.2oC. Temperature values were low because the
studysamples were collectedduring the rainy season.Soil
type at the study sites and at the depth of about 1m was
clayey in nature. This is consistent with reported soil
characteristics of the Niger Delta[11,13]. Soil type was
classified as clayey because it did not permit penetration
of water, the difficulty with which soil was washed off the
equipment and the consistency of the soil when
manipulated in one’s hand. Applying the AWWA C105
standard for soil corrosivity rating, the soil samples
studied has a rating of 2 (two) against the factor of soil
type.

The moisture content of the soil samples ranged
between 42 percent and 44 percent. The high moisture

content of the samples can be attributed to the influence
of the ground water level, which is around 1.5m in the
study area. In addition, Harris[7] found that pipeline ditch
permitseasy penetration of water throughout the backfill.
Using the AWWA C105 numerical scale for soil
corrosivity, the soil samplescan be classified asmoist and
hence assigned the point of 2 (two).

Soil resistivity is a measure of the ability of a soil to
conduct a current. The lower the resistivity of a soil, the
better are the soil’s electrolytic properties and the higher
is the rate at which the corrosion can proceed. Soil
investigation results showed that soil resistivity values
decreases according to the increase in moisture and
temperature to support ionic exchange between buried
pipe surface and corrosive soil environment. Results
showed low resistivity values to between 28-32 ohm-cm.
Using the AWWA C105 numerical scale for soil
corrosivity, the soil resistivity was assigned 10 points and
hence the soil samples can be classified as extremely
corrosive.

Reduction-oxidation (Redox) potential refers to the
relative potential of an electrochemical reaction under
equilibrium conditions. It is the affinity of a medium for
electrons and its electronegativity compared with
hydrogen. The potential of a soil indicates whether or not
a soil is capable of sustaining sulphate-reducing bacteria
(SRB), which contribute greatly to the corrosion
problem[3]. A low potential indicates that the oxygen
content of the soil is low and consequently the conditions
are ideal for the proliferation of SRB. Experimental
resultsshowed soil sampleswith very low redox potential
values (-80mV to-95mV).The soil samplescorrespond to
an environment that is highly susceptible for corrosion
problem. Using AWWA C105 numerical scale for soil
corrosivity, theredox potential was assigned5 points.This
indicates a high degree of corrosiveness of the
environment. The contribution of Chloride (Cl-) to soil
corrosivity is very significant in corrosion process. They
not only promote corrosion because they are conductive
by nature, but the also inhibit passivity of the metal i.e.
they inhibit the formation of an oxide layer on the metal
surface which protects the metal from corrosion[20]. In

addition, the presence of Chloride tends to decrease soil
restivity[20]. Result showed the Chloride levels to range
between183 and 187µg/g. Using the AWWA C105 point

Table 2: Physico-chemical characteristics of soil along Obrikom-Ebocha 10-inch pipeline.
Corrosivity Parameters
*------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH Temp. Soil Moisture Resist. Redox potential Cl-

Sites (oC) Type content (%) (Ohm-cm) (mV) (µg/g)
1 5.9 20 Clay 43 30 -80 185
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 5.6 19 Clay 42 32 -95 187
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 5.8 20.2 Clay 44 28 -87 183
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system for predicting soil corrosivity, the chloride level
was assigned 2 points.

Havingevaluated these soil characteristicsseparately
and the appropriate point allocated to each parameter
depending on the extent to which the factor contribute to
the corrosivity of the soil, the final corrosivity index was
summed to be 21. According to the AWWA C105
standard, an index of 10 or more indicates that the soil
tested is corrosive whereas an index below 10 suggests
that the soil is not corrosive[17].

In conclusion, the soil samples tested can be
described as extremelycorrosive and may be responsible
for the repeated pipeline failure in the study area. Buried
steel structures in the area must therefore be protected by
a full protective system defined by an active cathodic
protection to maintain steel in its potentials protection in
addition to passive coatings protector aimed to avoid any
corrosion interaction between steel surface and soil
environment.
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