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ABSTRACT

Geoelectrical resistivity soundings employing Schlumberger electrodes array was used to measure resistivity
distributions of geomaterials in four fuel stations located in coastal environment within the Nigerian sector of the Niger
Delta basin. The aim is to find alternative solution for the mitigation of external corrosion of buried storage fuel tanks. A
maximum current electrodes spacing of 40m was used for the investigations. An average depth of 10m was penetrated by
the current. Analyses of results show that the storage tank (station A) is within non—corrosive environment. The tank may
eventually suffer corrosion attack due to the 132kV electrical power lines which is in close proximity to the fuel station.
The other tanks (B, C, and D) are within corrosive environments but the tank at station C is at a higher corrosion risk.
This is because of the presence of conductive clay in the area. Based on the low resistivity, sites for planting of

protective anodes have been delineated to protect the storage tanks from external corrosion.
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INTRODUCTION

External corrosion of buried metallic structures such as
storage tanks has been one of the most challenging tasks
of the petroleum product marketers in Nigeria. Generally,
subsurface geologic materials show variation in the
concentration of electrolyte (groundwater and dissolved
salt). These differences result in vertical and lateral
variations in resistivities of the subsurface rocks.
Subsurface resistivity variations have direct link with the
corrosion potential of the subsurface which also varies
laterally and vertically (SESCO, 2002). There is therefore,
the need to study the corrosion behaviour of metals when
exposed to various environments (Osarolube et al., 2008).
Submerged materials are at risk of forming anodic and
cathodic regions with the electrolyte (corrosion cell) as
they traverse geologic materials of different resistivities.
The risk increases as the anodic area becomes relatively
small with respect to the cathodic area (Stefler, 1980). It
had been shown that the anodic area is developed within
soil of low resistivity which normally accelerates the flow
of electric current from the buried structure to the
surrounding including the cathodic area of the structure;
since current flow through the path of least resistance
(USDD, 2004 and FHWA, 2000). Submerged structure
that receives current becomes protected, while a structure
that releases current tends to be sacrificed.
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Attempt to protect materials from external corrosion had
been by surface coating (painting or electroplating). The
main idea of coating is to isolate the material from its
environment (electrolyte), thereby maintaining an open
circuit in the corrosion cell, which inhibits corrosion
process. However, it had been shown that with the
existence of holidays [coating defect] (Lilly et al., 2007)
there is no amount of coating that can guarantee total
protection of a buried structure (Sheir, 1993 and Bird,
2001). This explains why the over dependence of
Nigerian petroleum product marketers on surface coating
as an ultimate means of external corrosion protection
often fails. Such failure results in loss of assets and
pollution of the environment including aquifers and other
environmental disaster (Alawode and Ogunleye, 2011). A
standard practice recommended by Zdunrk and Barlo
(1992), Lisk (1992), NACE (2003), Khan (2002) and
Wansah et al. (2008) has been supplementing surface
coating with cathodic protection system. The first class
information necessary for the design of a cathodic
protection system is soil resistivity, which can be
measured on-line or off-line. The on-line measurements
require geoelectrical resistivity measurement, while the
off-line involves laboratory analysis of soil samples. This
study adopted the “online” (geoelectrical resistivity
technique) to measure soil resistivity values near selected
fuel stations in a coastal area, Uyo (Fig.1), Southeastern,
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Fig. 1. Location map of the study area showing location of the tanks (A, B, C, D) and VES sounding locations at Uyo

Nigeria in view of finding a lasting solution to
underground fuel storage tank leakages. Geoelectrical
resistivity soundings method have been found to be very

useful for the investigation of soil corrosion of pipeline
(Ekine and Emujakporue, 2010).

The study area is located in Southeastern Nigeria within
Latitude 5°01 N-5°05" N and longitude 7°45 E - 7°75 E.
The tanks are located in Uyo (Fig.1) within the Niger
Delta basin, Southeastern, Nigeria. The area is typical of
the Niger Delta undulating plains with extensive near

shore sands of various grain sizes. The thickness of this
sand increases towards the depocentre. The area is also
noted for seasonal variation of rainfall. Monthly rainfall
data shows that the average rainfall during the dry season
is 65mm against 382mm during the rainy season.
Previous study of the meteorology of the area reveals the
air temperature to be 25.5°C in the rainy season and
30.1°C in the dry season (Gobo, 1998). The daily relative

humidity ranges from 75% in the dry season to 96% in the
rainy season.
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Fig. 2. Geologic map of Akwa Ibom State showing the study area.

The study area falls within the coastal plain sands of the
deltaic depositional environment of the Niger Delta
(Hospers, 1971; Onyeagocha, 1980; Kogbe and Buriollet,
1990) (see Fig. 2). The Benin Formation is the uppermost
unit of the Niger Deltaic lithofacies and has clastic
sedimentary rocks formed either as terrestrial or marine
deposits (Reyment, 1965; Fetters, 1980). The sediments
are predominantly sandy with minor shale intercalations.
Onyeagocha (1980) describes the Benin Formation as a
continental depositional environment having massive,

poorly sorted sands and sandstones with thin shales, clay,
and gravel which grades downwards into the delta front
Agbada lithofacies.

MATERIALS AND METHODS

The ABEM terrameter (model SAS 300) and its
accessories arranged in the Schlumberger array were used
for obtaining the vertical electrical sounding resistivity
data over the four fuel tanks. The geometric array for this
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Fig. 4. Modelled VES curves at location B.

study is compatible to the software for the quantitative
interpretation of field data. Hence, the conventional
electrodes spacing used for vertical electrical sounding
with Schlumberger array applied in groundwater
investigations were modified so that it will be amenable
to this study. This was necessary due to the shallow depth
of burial and size (6.0m) of the buried fuel tanks. Thus, a
maximum current electrodes separation of 40m was used
for the study. A traverse of 5m away from the buried
metallic structure and perpendicular to the structure was
adopted to ensure that the structure does not contribute to
the measured resistance. The K-factor for Schlumberger
array enabled the calculation of the apparent resistivity
from the measured resistances. For the purpose of
quantitative interpretations, the apparent resistivity which
is a function of current electrode spacing was modeled
using IPI2win (computer software). The input parameters

for the modelling were apparent resistivity values, half the
current electrodes spacing as well as the potential
electrodes spacing. The software at first instance
performed the forward modeling and the results were used
for the inverse modeling which yielded the final
parameters.

RESULTS AND DISCUSSION

The results of the inverse modeling indicate variation of
earth resistivity with depth (Figs. 3-6). Geoelectrical layer
parameters obtained from the models are presented in
table 1. These resistivity values were correlated with the
ANSI/AWWA (American National Standard Institute and
American water works Association C-105) standard rating
for soil corrosivity (Table 2) in order to infer the
corrosivity at various stations. Results suggest that tank
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Table 1. Summary of VES modelled data.

Station pl P> Ps P4 hl hz h3 dl d2 d3
A 4907 3081 1784 - 1.534 8.405 - 1.5 10.02 -
B 3688 2327 5217 2526 0.6 0.932 8.471 0.6 1.53 10
C 336 168.3 43.77 58.38 0.574 1.229 4584 | 0.574 1.803 6.384
D 7186 7973 2222 29468 0.6 0.9326 8.471 0.6 1.533 10
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: : : 1 | 336 0.574 0.574 -0.574
""""" "“" "" 2 | 168.2 1.229 1.803 -1.803
; ' ' 3 | 43.77 4581 6.384 -6.384
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Fig. 5. Modelled VES curves at location C.
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Fig. 6 Modelled VES curves at location D.

“A” is within high resistive (1784-4907Qm) earth
materials which indicate non corrosive materials. The
local geology at location “A” obtained from borehole log
(Fig.7) shows medium grained sand as the host of the
buried tank. Resistivity values obtained for locations “B”
and “D” are (2526-5217 Qm) and (2222-29468 Qm)

respectively. However, at station “D” there is evidence of
gravel deposit from the borehole log. The VES result at
station C showed low resistivity (43.77-336Q2m). The
lithology log at this site reveals the presence of
conducting clay; hence, the subsurface environment is
described as being highly corrosive.
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Fig. 7. Correlation of VES with borehole lithology log Fig. 8. Correlation of VES with borehole lithology log at
at location A. location B.
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Table 2. Standard for soil corrosivity rating
(ANSI/TAWWA C-105).
p(Qm) Corrosivity rating

>200 Essentially non-corrosive

100-200 Mildly corrosive

50-100 Moderately corrosive

30-50 Corrosive

10-30 Highly corrosive

<10 Extremely corrosive

Tank “A” may not be subjected to adverse subsurface
conditions, since the resistivity range is not wide and the
soil resistivity values are high. However, the tank could
corrode due to stray current effect from 132KV power
line in close proximity to the storage tank.

The subsurface corrosion at the submerged tank at site B
is minor because the soil resistivity at shallow depth is not
only high but of minor variation. This minor variation in
resistivity makes the formation of cathodic and anodic
part on the tank practically difficult.

Storage tank, D shows wide range variation in soil
resistivity values with the least resistivity (2222Qm) at
1.533m depth. The segments of the tank exposed to the
soil at this depth are anodic in the electrochemical circuit
set up within the subsurface. Based on the principle of
electrochemical corrosion, this tank segment will release
electrons to protect adjacent segments of the tank exposed
to high resistivity (7186 - 29468Qm) soil. Therefore,
pitting type of corrosion may set in at depth with
relatively low resistivity geologic materials. Correlations
of VES results with the true subsurface conditions
obtained from borehole lithology logs for the different
locations of the storage tanks are presented in figures 7-
10.

CONCLUSION

Geo-electrical resistivity method has been applied to
solving environmental problem by providing primary
information needed to protect submerged fuel tanks in the
study area from external corrosion. From the combination
of data obtained from VES modeled curves and borehole
lithology log, the only fuel tank that may be free from
severe external corrosion threat is the tank buried at
location “B”. The tank at location “A” is at risk bowing to
the induced AC voltage from the 132kV high tension
power line in the area. Tank at site “C” is exposed to
highly corrosive environment; hence, the tank is under a
severe threat. The wide range of resistivity at station “D”
gives rise to external corrosion of the tank buried in the
study area. A sacrificial anode cathodic protection system
should be installed for fuel tank at sites A, C and D to
mitigate external corrosion of the tanks and Soil

resistivity survey should always be carried out to identify
potential corrosive geomaterials before establishing fuel
stations. In addition, fuel tanks should not be buried close
to stray current sources (such as high tensioned power
lines).
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