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Abstract

The corrosive nature of sub-soil to aggressive attack on buried metallic pipes and concrete, and its
competence to withstand overburden stress from civil engineering infrastructures at Otue-Ogume, an oil
producing community in Delta State was here assessed with geo-electric and geochemical methods.
Nine Vertical Electrical Sounding (VES) was carried out with Mini-Res Resistivity Meter using the
Schlumberger array. Soil samples were also collected with hand auger at varying depths of 0-1m, 1-2m
and 2-3m at each of the nine VES stations for geochemical analysis. The VES data was processed with
IPI2WIN software and delineated six to eight geo-electric layers of lateritic topsoil, clayey sand, sandy
clay, Fine-medium grained sand, medium-coarse grained sand, coarse grained sand, sandy clay and clay.
The soil resistivity, thickness and depth ranged respectively from 53.04Qm to 4535Qm, 0.6m to 79.2m

and 0.6m to 134.8m. The geochemical parameters (pH, CI', and So,%) were lower than the permissible

standards, although the CI and So4? concentration could be potentially high with time due to seasonal
fluctuations which can trigger the corrosion dynamics of the soil. The subsurface soil layers were
characterized as essentially non-corrosive, moderately corrosive and mildly corrosive to concrete and
metallic pipes. The subsurface soils were also characterized as highly competent, competent and
moderately competent confirming that it can withstand erecting of massive buildings or civil engineering
infrastructures to depth of 2m. Treatment of the moderately and mildly corrosive sub-soil layers is
strongly advised before crude oil and gas transmission pipes is buried to that depth.

1 Introduction

Soil materials has its values and importance in the construction, mining and oil and gas industries as it
acts as foundation for most civil engineering construction works as well as bed for laying pipelines for
transportation of water from source to households, and for conveying processed crude oil and gas from
production source to distribution terminals. For safety and security purpose, the United States
Department of Transportation’s Pipeline and Hazardous Materials Safety Administration (USPHMSA) and
the American Petroleum Institute (API) Standard 1104 recommended burying oil and gas pipelines at a
minimum depth of 1.0m to protect it from external threats such as seismic activities, agricultural work
and construction activities [1, 2]. Water pipelines and foundation footings for civil engineering structures
is also recommended to be layed to a minimum depth of 1.0m [3—6]. However, the most worrisome issue
about buried pipelines and other civil engineering buried metal works is the lifespan and their integrity to
withstand the aggressive corrosive attack that is activated by soil chemical composition which
eventually result in pipelines rupture and soil strength weakness/failure. This gives credence to the
findings of [7—-9] that corrosion is one of the causes of ruptures in pipelines with average occurrence
time of 0.2 years and the most common type of damage is identified as an external corrosion.

The rupture of metallic pipes conveying water and crude oil and gas as well as the collapse of civil
infrastructures has become a serious environmental concern in recent times in Nigeria where there have
been statistically high reported cases of crude oil/gas spillages and building collapse resulting in loss of
life and adverse effect on the environment. [10] and [11] opined in [12] that the corrosive nature of the
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soil materials hosting metallic pipes and civil engineering infrastructures weakens the soil strength
(competence) and makes it aggressive to buried metallic steel pipes due to the buildup of corrosion cells
leading to severe corrosion failure. Corrosion is induced by material-environment contact and often
results in material deterioration, putting safety at risk and posing substantial problems in materials and
engineering [13-15]. Therefore soils that are in contact with materials used for engineering construction
can cause corrosion to steel or even concrete used for reinforcement resulting in structural failure
arising from the soil corrosive nature [16, 17]. Factors such as soil resistivity, soil pH, soil soluble ion
contents of chlorides and sulphates, soil moisture contents and the rates of microbes in the soil among
others influences corrosion and they can be empirically measured to determine soil corrosivity [9].

Detailed information about the soil corrosivity of an area is very necessary in engineering and agricultural
activities, and for steel pipes that are used for water reticulation purposes. Due to the inverse
relationship between soil corrosivity (conductivity) and soil resistivity, a robust knowledge of the
subsurface resistivity distribution of an area is thus necessary in order to assist in the prevention of
corrosion of underground steel pipes, metallic cables and other piping and tubing networks buried
underground. A lower resistivity signature of the soil implies higher conductive and corrosive
environment since corrosion is an electrochemical reaction. Therefore low soil resistivity enhances
corrosion of buried metallic pipes while high soil resistivity inhibits it [18—20].

A critical knowledge about the competence of soil in an area is very important as it provides information
on the capability of the soil to withstand stress and strain from overburden engineering structures such
as buildings, overhead bridges, Overhead water reservoir facilities, and road construction. The
determination of soil competence for foundation studies normally assists civil engineers in the design of
the foundations of civil engineering structures [21, 22]. A detailed and excellent knowledge about soil
competence in an area would also assist in curbing the environmental menace caused by frequent
collapse of buildings and other civil infrastructures.

The relationship between soil corrosivity and soil physicochemical (Geochemical) parameters is so very
complex that the soil corrosivity appraised by these parameters is often unreliable [9], [23, 24]. Arising
from this shortcoming, electrical resistivity (Geo-electric) geophysical method is employed to
corroborate with the geochemical (physicochemical) parameter analysis for the investigation of soil
corrosivity as it relates to the electrical properties of soils with depth for lithologic subsurface
characterization in order to understand the nature of soil against corrosion of metallic pipes and
concrete, and to know the strength of the soil structure for civil engineering construction purposes. The
application of electrical resistivity in the investigation of soil corrosivity and soil competence in
foundation studies have been used by several authors like [12], [17], [25-32]. None of these authors’
works involved the application of an integrated approach of geophysical and geochemical investigation
for soil corrosivity and competence.

The study area, Utue- Ogume is a rapidly growing and an expanding region due to the establishment of a
tertiary institution (Novena University), and the oil exploration activities by Energia Nigeria Limited. As an
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oil producing community, the Delta State government is presently constructing a Multi-billion Naira gas
processing plant in the area, which upon completion is expected to provide 700,000 metric tonnes of
processed gas daily aimed at improving power supply in the region and in the State capital at Asaba [33].
This study is necessary in order to have a good knowledge of the soil aggressiveness to concrete
materials and buried metallic pipes. Therefore a comprehensive investigation about the corrosivity and
competence of the soil to civil engineering metal construction works and infrastructures is crucial to
avert a potential unnecessary environmental menace of building collapse incidences and pollution of
arable farmlands, surface water bodies and groundwater aquifers occasioned by the crude oil/gas
rupture of buried metallic steel pipeline for conveying crude oil/gas and water reticulation purposes in
the area. This study aim at assessing the geoelectric and geochemical properties of subsurface layers in
order to evaluate the soil corrosive nature and its competence to withstand overburden stress from civil
infrastructures at Utue-Ogume community of Delta State in order to prevent the occurrence of disasters
of these civil infrastructures for sustainable development in the reduction of loss of life, economic
damage, and environmental degradation. This study is extremely important because the area under
investigation is in the Niger Delta region which is an environmentally sensitive area due to the frequent
large scale occurrences of oil spillages arising from ruptured pipelines and causing environmental
pollution that has affected flora and fauna.

2 Materials and Methods
2.1 Study Area

Utue-Ogume community located in Ndokwa West Local Government Area (LGA) of Delta State Nigeria
lies within Latitude 5° 44’ 57.94” and 5° 44’ 59.64” North of the Equator and Longitude 6° 12’ 22.28" and

60 12’ 23.95” East of the Greenwich Meridian (Fig. 1). It sits astride the Benin Formation which is often
referred to as the coastal plain sands (Qp) of the Pliocene — Pleistocene and Alluvium of the upper
Quaternary (Recent sediments). The sedimentary Formation of the area consists of silty clayey sands,
sandy clay, sands and gravels and it is flat lying in topography whose sediments are partly marine and
fluvial in origin.

[34] reported that Ndokwa West LGA where Utue-Ogume is located has three distinct landforms namely:
the combined Ase River, River Niger flood plain that occupies the eastern portion of the area and
stretches from Aboh to Umuzezi; the Sombreiro-Warri that runs diagonally across the area from Abbi to
Umuzezi; and the low ridged plain that extends from Obiaruku through Umuaja to Nsukwa. The area is
drained by four main river systems viz: The Adofi River at the North which flows South and swings North
eastwards to join the dominant Ase River System whose network in combination with the River Niger
drains the eastern portion of the area. The head waters of the River Ethiope and Okumeshi River (Warri
River) drains the North West portion of the area. The average annual rainfall is about 2600mm with a

mean temperature of 31.2°C [35].
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2.2 Data Acquisition

This study employed the random soil sampling method to collect soil samples, and the geophysical data
acquisition technique to gain insight into the subsurface soil condition.

2.2.1 Geophysical Data acquisition

Electrical resistivity geophysical technique using the vertical electrical sounding (VES) was adopted to
collect data about subsurface resistivity of the soil layers. The technique is non-destructive it involves
injecting electric current into the subsurface through two current electrodes, AB and the potential
difference created due to the passage of the electric current into the earth materials is measured across
a pair of potential electrodes, MN. The subsurface data was acquired with the Mini-res Resistivity Meter
adopting the Schlumberger array. The Mini-res Resistivity Meteris a signal averaging system that is of
high sensitivity with the potential of automatically taking consecutive readings and the results are
averaged continuously and displayed as resistance automatically.

A total of Nine VES was randomly run in the NE-SW and NW-SE direction with the Schlumberger array
using a maximum current electrode spread (AB/2) of 300m. The Schlumberger array was utilized due to
its advantage of being faster, more economical to use and less sensitive to lateral variation. At each VES
station where measurements were made, a reading of resistance R of the volume of the earth material
within the electrical space of the electrode configuration was obtained. The measured resistance values
(R) were converted into apparent resistivity (p,) by multiplying with a geometric factor (K), such that:

pa= TR [(AB/2R-(MN/212] = TRK ... oo oo e e ]
MN

Where K is the geometric factor and is given by:

(A B2 )2 (VN 2 ) et e e e e e e e e 2
MN

Sounding curves were generated with the obtained apparent resistivity values and were interpreted
qualitatively and quantitatively. The quantitative interpretation of the curve was done by partial curve
matching and computer iteration methods utilizing the 1-D inversion IPI2WIN software to obtain
geoelectric section of the one-dimensional resistivity model for the area with minimal root mean square
error of the order of 3%. The IPI2WIN software uses least-squares optimization technique where a
starting model is adjusted successively until a minimum reduction is obtained in the difference between
the field data and the model output. The software further converts the resulting apparent resistivities as
a function of spacing in the field to true resistivities as a function of depth such that the obtained true
resistivities represents the best average bulk resistivity for the given layer.

2.2.2 Soil Samples Collection
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At each VES station, about 2kg of soil samples was randomly collected at 2m apart to a varying depth of
0-1Tm, 1-2m and 2-3m using a stainless steel soil hand auger and a spatula. The soil hand auger was first
cleaned with acid, detergent and rinsed with tap water before it was used to drill or bore to a depth of
3m. The representative soil samples were collected at regular intervals of 1.0m from the bored holes to a
depth of 3m. Each of the soil samples so randomly collected at 2m apart at each VES station and to a
varying depth of 1.0m, 2.0m and 3.0m were thoroughly mixed together to give a composite sample at
each depth. Thus, a total of nine composite soil samples were collected at the nine VES stations for
analysis of geochemical (physicochemical) parameters. The nine soil samples were each stored in a
labeled air-tight polythene bags and were taken to the soil test division of Benin-Owena River Basin
Development Authority laboratory located at the University of Benin (UNIBEN) main campus where they
were dried at 105°C for 48 hours, thereafter sieved with < 2mm stainless sieves to remove large debris,
plant roots and gravel size materials. The sieved samples were further grinded with pestle and mortar to
get it homogenized and then kept in desiccators before chemically digested. The sieved samples were
digested with a strong acid to dissolve the samples and their inorganic contents in solution before
subjecting them to physicochemical parameters analysis. The concentration levels of chloride ion,
sulphate ion and organic matter were determined.

The soil pH was determined in-situ electronically using the glass method with a standard caliberated pH
meter. The procedure involved weighing 0.02kg (2g) of soil samples (that was collected at the varying
depths) in a beaker and 100ml of water was added, then stirred gently and allowed to stand for 30
minutes before introducing the pH meter into the soil-water suspension for 60 seconds. Readings were
taken thereafter. The soil pH was taken in-situ because soil chemistry is sensitive to environmental
changes [36, 37].

3 Results and discussion
3.1 Layer Lithology

The number of subsurface layers at each VES data station was identified from the results of the
geoelectric curves. The area consists of HK curve types (Fig. 2). The obtained VES curves delineated six
to eight geoelectric heterogeneous layers of lateritic topsoil, clayey sand, sandy clay, Fine to medium
grained sand, medium to coarse grained sand, coarse grained sand, sandy clay and clay (Table 1). The
resistivity, thickness and depth of the area varied respectively from 53.04Qm (VES 9) to 4,535Qm (VES
3),0.6m (VES 1 and VES2) to 79.2m (VES 7), and 0.6m (VES 1 and VES 2) to 134.8m (VES 1).

3.2 Evaluation of Soil Corrosivity and Competence with
Geochemical Parameters

The results of the geochemical (Physicochemical) parameters conducted to depth of 3meters are
presented in Table 2 and were used to evaluate the soil corrosivity and competence in the area as
followings:
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(i) Soil pH

The Soil pH values ranged from 6.2 to 8.7 with a mean value of 7.5 indicating that the soil in the area is
slightly acidic to strongly alkaline when compared to the [38] classification (Table 3). Comparing the soil
pH range to the corrosivity ratings by [39] the soil in the area can be classified into moderately corrosive,
mildly corrosive (acidic environment) and negligible degree of corrosivity (Table 4).

(ii) Chloride Concentration

The chloride concentration in the soil ranged from 8.5ppm to 83.8ppm with a mean value of 26.33ppm
(Table 2). These values of chloride concentration in the soil are below the permissible standard of
200ppm by [40] and [41] hence has no serious corrosive effect on buried metals. However, in a
moderately to mildly acidic environment the soil level of chloride becomes mildly corrosive since the
chloride concentration level is below 500ppm (Table 4).

Although the area is characterized by low chloride value, its presence in the soil can potentially harm or
affect buried metallic pipe fittings as it will tend to decrease the soil resistivity of the area with time if not
properly contained or treated.

(iii) Sulphate Concentration

The sulphate concentration in the soil varied from 126.8ppm to 276.9ppm with a mean concentration
value of 203.79ppm. These range of sulphate concentration values in the soil were observed to be lower
(Table 2) than the recommended permissible limit of 1000ppm [40, 41]. However, although the sulphate
concentration values are lower than permissible standard for soil, a comparison of the sulphate
concentration values to the corrosivity rating by [39] as highlighted in Table 2 and Table 4 revealed that
the sulphate concentration in the soil to a depth of 3m at all the VES stations are in the classification of
mild to moderate corrosivity. Therefore the soil at that depth is a potential threat to buried metallic pipes
with time if not properly contained or treated. 63% of the first and second subsoil layers in the area were
characterized as negligible corrosivity while 26% and 11% of the third subsoil layers in the area were
respectively characterized as mildly corrosive and moderately corrosive when rated with geochemical
parameter values (Table 4 and Fig. 3).

(iv) Organic Matter Content

It was observed from the laboratory result that there was no organic matter content in the area (Table 2)
implying absence of any trace of crude oil pollution within the area at the time of investigation. The
absence of organic matter encourages burying of pipes since the soil would not be aggressive to buried
metallic pipes in the area, but such metallic pipes and any civil engineering metallic works or concrete
should be buried to depth not beyond 2m.

(v) Evaluation of Soil Corrosivity with Resistivity Data
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Since corrosive soils are aggressive to concrete, water reticulation pipes and crude oil/gas buried
pipelines, the corrosive nature of the soil was investigated to depth of 3m. This depth was chosen
because the minimum recommended depth of burial for water pipelines, crude oil and gas pipelines, and
foundation footings of civil engineering structures is to approximately 1.0 meters (3 feet) [1], [3-5]. The
first, second and third layer resistivity values at the nine VES stations which was to a depth of over 2m
was used to investigate the soil corrosivity in the study area. The inferred lithology obtained while drilling
with the hand auger was assigned to the first, second and third layer resistivity and was compared to the
corrosivity rating by [42] and [43] (Table 5). The soils in this area can therefore be classified into
essentially non-corrosive and mildly corrosive (Table 6). This classification is in agreement with the
geochemical parameters classification (Table 2) of mildly, moderately and negligible corrosivity. The
essentially non-corrosive nature of the soil to a depth range of 1m to 2m was observed in the first and
second resistivity layers at all the VES stations (VES 1to VES 9). However, a corrosivity classification
inversion to mildly corrosive nature of the soil was observed from depth 2m and above in the third
resistivity layer at VES 2 to VES 9. Hence, the use of steel pipes to transport crude oil and gas and for
water pipelines reticulation should be buried to a restricted depth of 1.0m which is the layer of non-
corrosive soil. Civil infrastructure foundation footings should also be done to a depth of 1.0m of
essentially non-corrosive soil since the soil materials at this depth would not be aggressive to concrete
foundation footings or metallic engineering works in the area. Care should also be taken not to bury
crude oil/gas pipelines, water pipelines and foundation footings of civil infrastructures to a depth beyond
2m as it would respectively result in crude oil/gas and water pipelines leakage as well as in the collapse
of civil infrastructures. The soil beyond 2m depth would aggressively attack buried metallic pipes and
concrete. The non-corrosive and mildly corrosive nature of the soils at the nine VES locations is
highlighted in Table 6 and Fig. 4.
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Table 1

Lithologic Delineation and Curve types of the 1D Inversion Model from the VES Stations

VES
Location

VES 1

VES 2

VES 3

VES 4

Layer

1

()] A WODN 0 N o ()] A WODN

0 N o

Resistivity(QQm)

3236
1310
224.6
786

4452

1499
873.8
267.2
1620
1263
142.3
668.1

5840

1276
790.3
239.6
941.7
4186
193.6

4535

1083
248.7
625

Thickness(m)

0.6
0.6197
1.26
8.376

10.58

45.93
67.44

0.6
0.6827
1.197
8.376

10.58

43.25

55.84

0.7044
0.5782
9.573

10.58

34.52

0.704
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Depth(m)

0.6
1.22
2.48
10.86

21.44

67.37
134.8

0.6
1.283
2.48
10.86

21.44
64.69

120.5

0.7044
1.283
10.86

21.44

55.95

0.704

Lithology

Top Soil
Clayey Sand
Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay

Clay

Top Soil

Clayey Sand

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay

Clay

Top Soil

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay/Clay
Top Soil




VES 5

VES 6

VES7

VES 8

3008
145

3325

1020
167
869
1392
131

2978

942
167
697
1158
190

4075

1340
273
392
1169
166

4718

1629
94.3
359
1158

0.578
9.57

10.6

41.7

1.02

0.618
9.22

10.6

64.6

0.739

0.858
8.5

11.3

60

0.776
0.821
8.5

16.7

79.2

0.8227
0.7746
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1.28
10.9

21.4

63.1

1.02

1.64
10.9

21.4

86.1

0.739

1.6
10.1

21.4

81.5

0.776

1.6
10.1

26.8

106

0.8227
1.597

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay/Clay

Top Soil

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay/Clay

Top Soil

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay/Clay

Top Soil

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay/Clay

Top Soil

Sandy Clay




VES 9

195.24

3555

1010
183.1
1286.8
1158
179.12

2551

924.9
53.04

7.212

17.98

75.18

1.146

0.6319
7.031

13.23

70.45

8.809

26.79

102

1.146

1.778
8.809

22.04

92.49

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand
Sandy Clay/Clay

Top Soil

Sandy Clay

Fine to Medium grained
Sand

Medium to Coarse grained
Sand

Coarse grained Sand

Sandy Clay/Clay
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Table 2

Soil Corrosivity Rating of Geochemical Parameters using pH Values in the Study Area

VES Depth of Sample
Stations Collection (m)

VES 1 0-1

1-2

VES 2 0-1
1-2

2-3
VES 3 0-1

1-2

VES 4 0-1
1-2

2-3
VES 5 0-1

VES 6 0-1
1-2

2-3
- ND Means Not Detected

pH
Values

7.6

7.6

6.7
8.7

8.5

6.8
8.3

7.9

6.4

7.9

7.7

6.8
8.2

7.8

6.6
8.5

8.2

7.1

cr
(ppm)

9.2
9.2

15.4
8.8

8.9

15.7
9.5

10.3
22.6
11.9
11.7

38.6
27.6

28.1

45.2
443

45.6

83.8

S0,%

(ppm)
127.8

133.5

140.6
130.6

129.4

137.2
126.8

138.4
142.5
189.6
222.7

256.7
228.3

253.6

264.2
236.7

249.3

273.1

Organic
Matter

(%)
ND

ND

ND
ND

ND

ND
ND

ND
ND
ND
ND

ND
ND

ND

ND
ND

ND

ND

Corosivity
Rating

Negligible
Corrosive

Negligible
Corrosive

Mild Corrosive

Negligible
Corrosive

Negligible
Corrosive

Mild Corrosive

Negligible
Corrosive

Negligible
Corrosive

Modergte
Corrosive

Negligible
Corrosive

Negligible
Corrosive

Mild Corrosive

Negligible
Corrosive

Negligible
Corrosive

Mild Corrosive

Negligible
Corrosive

Negligible
Corrosive

Mild Corrosive
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VES 7 0-1
1-2
2-3
VES 8 0-1
1-2
2-3
VES 9 0-1
1-2
2-3
Range 0-3
Mean

Permissible Standard
FAO (1992), USDA (2014)
- ND Means Not Detected

84

8.1

6.6
7.6

7.5
6.3

8.3

7.6

6.2

6.2-8.7

27.2

52.5

78.9
12.7

13.4
33.6

8.5

11.9

258

8.5-

83.8

26.33
200

188.8

195.4

259.2
185.3

228.8
273.4

266.5

247.2

276.9

126.8-

276.9

203.79
1000

ND

ND

ND
ND

ND
ND

ND

ND

ND

Negligible
Corrosive

Negligible
Corrosive

Mild Corrosive

Negligible
Corrosive

Mild Corrosive

Moderate
Corrosive

Negligible
Corrosive

Negligible
Corrosive

Moderate
Corrosive
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Table 3

Soil pH Classification [38]

pH Values
<3.5
3.5-4.4
4.5-5.0
5.1-5.5
5.6-6.0
6.1-6.5
6.6-7.3
7.4-7.8
7.9-84
8.5-9.0
>90.0

Soil Classification
Ultra Acidic
Extremely Acidic
Very Strongly Acidic
Strongly Acidic
Moderately Acidic
Slightly Acidic
Neutral

Slightly Alkaline
Moderately Alkaline
Strongly Alkaline
Very Strongly Alkaline

Table 4

Soil Corrosivity Rating as a function of Soil Geochemical (Physicochemical) Parameters [39]

Water Soluble Chloride
Concentration (ppm)

Over 5,000
1,500-5000
500-1,500

Below 500

Water Soluble Sulphate
Concentration (ppm)

Over 10,000

1,500 - 10,000

150-1,500

0-150

pH
Level

al

A

No oo
N r.ncln o 9

v
a

Degree of
Corrosivity

Very Severe
Severe

Moderate

Mild

Negligible
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Table 5
Soil Corrosivity Rating [43], [47-50]

Soil Resistivity (Qm)  Soil Corrosivity Rating
>200 Essentially Non-Corrosive
100-200 Mildly Corrosive

50-100 Moderately Corrosive
30-50 Corrosive

10-30 Highly Corrosive

<10 Extremely Corrosive

(vi) Evaluation of Soil Competence with Resistivity Data

The first, second and third layer resistivity values to a depth of over 2m at the nine VES locations was
used to investigate the competence or ability/capacity of the sub-soil to withstand overburden stress
and strain from civil engineering infrastructures (such as buildings, bridges and overhead water
reservoirs) and other anthropogenic activities. The lithology of the layers and the degree of competence
corresponding to it was assigned to each first, second and third layer resistivity for each VES station
using the classification ratings in by [44] and [45] as shown in Table 7.

The soils in the area can be classified into highly competent, competent and moderately competent
when compared to the classification rating by [44]. The competent nature of the soil in all the locations is
highlighted in Table 6.

On the basis of subsoil resistivity values and inferred lithology at the VES stations, the study revealed
that 67% of the first and second subsoil layers at VES 1 to VES 9 was rated essentially non-corrosive, 3%
of the third subsoil layer at VES 1 was also rated essential non-corrosive, while 30% of the third subsoil
layer at VES 2 to VES 9 was rated as mildly corrosive. Again, 15% of the first subsoil layer at VES 4, VES
6, VES 7 and VES 8 was rated competent in the area. 19% of the first sub-subsurface layers at VES 1, VES
2, VES 3, VES 5 and VES 9 was also rated highly competent to withstand overburden stress from civil
engineering infrastructures. Moreover, 33% of the second subsoil layer at VES 1 to VES 9 was rated
highly competent to withstand overburden stress while 33% of the third subsoil layer was rated
moderately competent at VES 1 to VES 9. These are highlighted in Fig. 5. It was observed that the
subsurface layers of competent and highly competent soils are characterized by high resistivity values
which also correspond to essentially non-corrosive soil having almost neutral pH values, low chloride
and sulphate values to a depth range of 0.6m to 1.7m. This layer and depth is good for erecting massive
civil engineering infrastructures and would withstand the structures overburden weight on the soil
thereby avert collapse of such structures. While the subsurface layers of moderate competent soil are
characterized by lower resistivity values than those of competent soils and correspond to mildly
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corrosive soils of pH values between 6.5-7.5, and low chloride and sulphate values. Nevertheless, the
chloride and sulphate concentrations have the potential of becoming higher since chloride and sulphate
concentrations in soils are subject to seasonal fluctuations; thus an expected potentially higher
concentration level of chloride and sulphate in the soil material in the area can trigger the corrosion
dynamic of the soil [46].
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Table 6

Degree of Soil Corrosivity and Competence at the VES Stations in the Study Area

VES Layer
Stations

VES 1 1

VES 2 1

VES 3 1

VES 4 1

VES 5 1

VES 6 1

Resistivity

(Qm)
3236

1310
224.6
1620
1263
142.3
941.7
4186
193.6
625
3008
145
869
1392
131
697
1158

190

G

0.60

1.220

2.480

0.60

1.283

2.480

0.704

1.283

10.86

0.740

1.280

10.90

1.020

1.640

10.90

0.739

1.60

10.10

Inferred
Lithology

Lateritic
Topsoil

Clayey Sand
Sandy Clay
Lateritic
Topsoil
Clayey Sand
Sandy Clay
Lateritic
Topsoil
Clayey Sand
Sandy Clay
Lateritic
Topsoil
Clayey Sand
Sandy Clay
Lateritic
Topsoil
Clayey Sand
Sandy Clay
Lateritic
Topsoil

Clayey Sand

Sandy Clay

Page 17/26

Corrosivity
Rating

Essentially Non-
Corrosive

Essentially Non-
Corrosive

Essentially Non-
Corrosive

Essentially Non-
Corrosive

Essentially Non-
Corrosive

Mildly Corrosive

Essentially Non-
Corrosive

Essentially Non-
Corrosive

Mildly Corrosive
Essentially Non-
Corrosive

Essentially Non-
Corrosive

Mildly Corrosive
Essentially Non-
Corrosive

Essentially Non-
Corrosive

Mildly Corrosive

Essentially Non-
Corrosive

Essentially Non-
Corrosive

Mildly Corrosive

Competence
Rating

Highly
Competent

Highly
Competent

Moderately
Competent

Highly
Competent

Highly
Competent

Moderately
Competent

Highly
Competent

Highly
Competent

Moderately
Competent

Competent
Highly
Competent

Moderately
Competent

Highly
Competent

Highly
Competent

Moderately
Competent

Competent
Highly
Competent

Moderately




Sub-soil competence Rating using Resistivity Values [44]

Competent
VES 7 1 392 0.776 Lateritic Essentially Non- Competent
Topsoil Corrosive

2 1169 1.60 Clayey Sand Essentially Non-  Highly
Corrosive Competent
3 166 10.10 Sandy Clay Mildly Corrosive = Moderately
Competent
VES 8 1 359 0.823 Lateritic Essentially Non- Competent

Topsoil Corrosive

2 1158 1.597 Clayey Sand Essentially Non-  Highly
Corrosive Competent
3 195.24 8.809 Sandy Clay Mildly Corrosive = Moderately
Competent

VES 9 1 1286.8 1.146 Lateritic Essentially Non-  Highly
Topsoil Corrosive Competent

2 1158 1.778 Clayey Sand  Essentially Non-  Highly
Corrosive Competent
3 179.12 8.809 Sandy Clay Mildly Corrosive = Moderately
Competent

Table 7

Soil Resistivity (Qm)  Lithology Competence Rating
<100 Clay Incompetent
100-350 Sandy Clay Moderately Competent
350-750 Clayey Sand Competent
>750 Sand/Laterite/Crystalline Rock  Highly Competent

4 Conclusion

Integrated use of electrical resistivity and geochemical (physicochemical) parameters has been

employed to investigate the corrosivity and competence of soil to civil engineering infrastructures at
Utue-Ogume community. The geochemical parameters was carried out to corroborate with electrical
resistivity geophysical investigation and the findings classified the soil in the area as essentially non-
corrosive to moderately/mildly corrosive within a subsurface depth range of 0-3meters. The study also
finds that the subsurface soils to a depth of 1.0m in this area are essentially non-corrosive to civil
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infrastructures and engineering subsurface metal works such as buried crude oil/gas pipelines and
metallic pipes used for water reticulation purposes. It is important to note that the subsurface layers of
mildly corrosive soils with pH values ranging from 6.5 to 7.5 and low chloride and sulphate
concentrations could potentially become higher to characterize the layer as highly corrosive with time
because [46] alluded that chloride and sulphate concentration levels in soils are subject to seasonal
fluctuations which can trigger the corrosion dynamics of the soil. The soils are also competent within a
depth range of 1.0m to 2.0m for erecting massive civil buildings or civil engineering infrastructures in all
the surveyed locations as this would help to avert building collapse in the area. However, it is
recommended that geotechnical studies on the soils of this area be carried out so as to ascertain other
engineering properties of the soil material. It is also advised to adopt liming or fly ash soil stabilization
method, cathodic protection method, barrier protection with membranes, liners and coating method as
well as chemical treatment of the soil with corrosion inhibitors method for treatment of the moderately
and mildly corrosive soil layers before transmission pipes can be buried to that depth of the layer.
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Figures

STUDY AREA MAP

Vertical Electrical Sounding was carried out around the Utue-Ogume
1 centimeter = 50 meters area in Ndokwa West LGA of Delta State. The map below shows the
coniguration of the sampling and will aid in visualization of the terrain.
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Figure 1

Map of Delta State Showing the Study Area and VES Sampling Points
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Figure 2

VES Field Curves of the 1-D Resistivity Model
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Figure 3

Percentage of Subsoil Corrosivity Rating with Geochemical Parameters

Figure 4

Percentage of Subsoil Corrosivity Rating with Resistivity Data
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Figure 5

Percentage of Subsoil Competence Rating with Resistivity Data
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