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Abstract 

In this study, corrosion risk and intensity of superficial soils of four 

geomorphic zones in the Niger Delta was studied by measuring the spatial 

variation of soil resistivity thought to be closely connected with ferrous metal 

corrosion. Sixty five Schlumberger vertical electrical soundings (maximum 

AB/2 = 40 -150 m) were carried out. Soil boring at every VES station was 

performed to ~5m depth so as to physically identify the soils giving the 

measured resistivity, their changes and disribution. The resistivity data was 

interpreted using a 1D inversion technique software (1X1D, Interpex, USA). 

Model resistivity values were classified in terms of the degree of corrosivity 

and correlated with the soil type and physical properties. The results show that 

corrosivity increases from the undulating coastal plain lowland through the 

gentle lowland flood plains of the fresh water swamp, the coastal creeks, the 

meander belts, backswamps down to the salt water mangrove and estuary 

complex, and truncated at the coastal beach ridges. The most severe corrosive 

sub-environments are at low elevations in poorly drained soils. The variation 

in the spatial distribution of the subsurface resistivity is attributed to a 

combination of influencing factors such as topography (elevation), water level 

and quality, soil type and soil physical property. The results of this study are 

valuable information to assess the risks to assets either as a means of 

prioritizing maintenance or of improving design for new installations in the 

Niger Delta region. 

Keywords: Resistivity, Corrosion, Aggressivity, Vertical Electric Sounding, 

Pipeline Niger Delta 
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1. INTRODUCTION 

Due to intensive oil exploration and exploitation activities, there is an extensive 

pipeline network in the Niger Delta. The incessant reported cases of leakage and 

bursts indicate that the pipeline network system of most oil producing companies are 

in poor condition. The failure of these pipelines is usually accompanied by high 

degree of environmental, human and economic consequences and thus presents a very 

serious problem. A significant proportion of bursts and leaks are associated with 

corrosion of cast iron pipe systems laid without protection in the early sixties (Ukoba 

et al., 2011), but which in many places are performing so badly that their replacement 

or repair is a matter of urgency. Aside, in most cities in the Niger Delta, municipal 

water supply is non-existent. The key reason is that the water trunk and distribution 

mains networks in most of these cities are in shambles due to corrosion.  

Therefore, to build new assets in potentially corrosive environment such as the Niger 

Delta and to manage old assets particularly utility pipelines, to prolong their life or to 

tackle repairs in a systematic way, there is an increasing need for detailed 

underground asset management information, particularly soil corrosivity. In this way, 

users will be able use the information to assess the risks to assets either as a means of 

prioritizing maintenance or liability or of improving design for new installation. 

Besides, identification of potentially corrosive environments is precursor in 

deterioration modeling. Deterioration modeling of oil pipelines and water mains is an 

essential element to guide decision making in pipe rehabilitation or renewal programs. 

Research work in recent years (e.g Corcoran et al., 1977; Khare and Nahar, 1997; 

Norhazilan et al., 2012) has shown that there is a close relationship between the soil 

environment in which most iron pipes are laid and the potential incidence of 

corrosion. Field invetigations of pitting corrosion in buried cast iron pipes (e.g 

Corcoran et al., 1977; Khare and Nahar, 1997; Norhazilan et al., 2012) suggests that 

the process is governed by local soil properties rather than the material composition of 

the pipe. 

When a cast iron pipe is buried in the soil, the residual lifetime of the buried cast iron 

pipe begins to decrease under aggressive environmental conditions. Corrosion of the 

cast iron pipe essentially occurs by an electrochemical reaction between the outer 

surface of an exposed pipe and its surrounding soil environment. For corrosion to 

occur, there must be a potential difference between two points that are electrically 

connected in the presence of an electrolyte, in this case, the surrounding soil. With 

these conditions satisfied, a current will flow from an anodic area, through the soil to 

a cathodic area, and then back through the pipe wall to complete the circuit. The 

anodic area becomes corroded by the loss of metal ions to the electrolyte (Corcoran et 
al., 1977) thereby initiating the corrosion process. Upon initiation, the corrosion 

process is self-sustaining (Rajani et al., 2000; Norhazilan et al., 2012), resulting in the 

formation of ‘pits’at the outer surface of the pipe, with a range of depths and widths. 

The corrosion of ferrous metal in soil is thus a complex electrochemical process and it 

is not a measureable parameter. Therefore, in the evaluation of soil 

corrossivity/aggressivity, a host of critical parameters characteristic of the soil are 
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usually employed, and it is difficult to identify all the contributing factors. However, 

the following soil properties are considered to be the most significant.  

(i) Soil moisture content: Water is essential for the corrosion reaction to take 

place, and soils with a moisture content above 20% are thought to be 

particularly corrosive (Khare and Nahar, 1997). 

(ii) Soil acidity: Metal pipe usually dissolves more rapidly in acidic 

conditions, especially when the pH value falls below 4.0 i.e the lower the 

pH, (below a neutral value of 7.0), the higher the corrosion rate. As pH 

increases above 10, conditions become more passive. 

(iii) Soil aeration: Poorly aerated (anaerobic) soils can promote corrosion, 

especially if they contain soluble sulphates. Sulphate-reducing bacteria can 

grow in such soils if the pH value is in the range 5.5 – 9.0, although the 

most favourable conditions are near neutral (about pH 7.0). These bacteria 

reduce sulphates to sulphides, and the corresponding oxidation of elemental 

hydrogen is the reaction which involves them in corrosion mechanisms. 

Soil aeration is commonly measured by its redox potential, values less than 

400 – 430mV indicating a suitable environment for sulphate reducing 

bacteria (Corcoran et al., 1977). 

(iv) Electrical resistivity: The resistivity of the soil gives a measure of the 

concentration of soil electrolyte, which is essential in the corrosion process. 

Soils with low resistivity will encourage corrosion, i.e the lower the 

resistivity of the soil, the higher the corrosion rate.  

In order to assess potential corrosion intensity and its spatial distribution requires 

acquisition of data e.g soil samples etc and experimentally measuring these soil 

properties.  

The ASTM G162-99 standard (ASTM, 2004) describes procedures for conducting 

and evaluating laboratory corrosion tests in soils. The procedure is based on 

laboratory weight loss measurements of test specimens embedded in saturated soil 

samples and monitored over a sufficient exposure time, which can result in lengthy 

exposure periods for meaningful results. This traditionally provides the principal 

source of information for determining soil aggressivity corrosivity. While the quality 

of this information is high, it is very localized and may not represent the general soil 

conditions of the area since soil properties are highly variable from location to 

location or may miss some anomalous features. Aside, experimentally measuring 

these soil properties accurately over a wide area can involve lengthy field tests and 

requires considerable laboratory resources, laborious and expensive.Whilst field 

measurements are possible on small projects, the number of measurements required to 

assess corrosive environments across an entire region is impractical. An effective 

alternative is to undertake regional soil mapping and represent the relevant soil 

environment properties in a GIS. 

Salem (1999) suggested that evidence concerning a subsurface soil type, its moisture 

content and aggressivity can be revealed from surface resistivity measurements. The 
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soil electrical resistivity indicates the relative capability of the soil to carry electrical 

current. It is a main indicator of the corrosiviness of soils, as the rate of corrosiveness 

is a function of the electrical conductivity. In an extensive study of exhumed cast iron 

pipe samples, Rajani et al., (2000) related average and maximum corrosion pit depths 

to a range of soil properties. Whilst the data was scattered, low values of saturated soil 

resistivity generally produced relatively higher average corrosion rates. The electrical 

resistivity technique is capable of delineating compositional variations in a rock layer 

in the subsurface, and is often used to distinguish between different geological 

sequences e.g clean sand and gravel (high resistivity) and clay (low resistivity) 

(Okiongbo and Chijoke, 2018).  Surface geoelectrical method especially the Vertical 

Electrical Sounding (VES) method of geophysical investigation is a quick, non-

invasive, relatively cheap, and a quantitative evaluation technique that can provide 

data to help diagnose corrosion. Khare and Nahar (1997), Qu et al., (2010) reported 

that the electrical resistivity is highly significant in evaluating the strength of soil 

corrosivity and its classification, and that it is closely related to the soil properties, 

such as water content, salinity, soil texture etc, as the rate of corrosion is a function of 

the electrical conductivity. Robinson (1993) described the relationship between 

environmental factors and the corrosive nature of soil, and reported that the soil 

resistivity has the most profound effect on soil corrosivity. In addition to being a 

valuable aid when interpreting the severity of corrosive areas, the determination of an 

appropriate groundbed location for optimum cathodic protection system, and the 

design of the cathodic protection is essentially based on shallow in-situ soil resistivity 

(Peabody, 1967). This paper describes the application of vertical electrical sounding 

(VES) method to determine the soil electric resistivity variations in the Niger Delta 

with a view to determining the soil aggressivity/corrosivity. The assessment of the 

soil corrosivity is of immense importance to owners and mangaers of water, sewage 

and oil and gas distribution systems in that the results will be useful in selecting 

efficient methods to protect buried structures, assess the risks to assets either as a 

means of prioritizing maintenance or of improving design for new installation.  

 

2. GEOLOGY AND GEOMORPHOLOGY OF THE STUDY AREA  

The Niger Delta is located in southern Nigeria between latitudes 40 and 60N, and 

longitude 30 and 60E (Fig. 1). The topography is invariably gentle. Average elevation 

stands at about 13 - 25m above sea level. The Niger Delta consists of five geomorphic 

sub-environments. These are the undulating lowland of the coastal plain sands, the 

flood plain of the lower Niger with extensive sand deposits, the meander belts 

consisting of wooded fresh water swamps, the salt water mangrove swamps and 

estuary complexes and the beach ridges. 
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Fig. 1. Map showing the morphological features of the Niger Delta complex and 

adjacent areas (Short and Stauble, 1967) 

 

These sub-environments are zones where a vast amount of sediments are deposited by 

rivers in their search for lines of flow. The Delta tip, near Onitsha, is characterized by 

surface massive reddish lateritic clayey sand and sand with deep silted lenticular 

clays, with discontinuous streaks of lignite and wood fragments. This area lies within 

the classic sedimentary rocks of the coastal plain sands of the Benin Formation in the 

Niger Delta. The meander belt, which occupies the delta axis, is characterized by 

intense river meandering and consists of silty clay and sands. The flood plains 

adjoining the major river network become inundated during the peak of the flood. The 

mangrove swamp and estuary complexes are surrounded by tidal creeks that are 

mostly saline. Apart from the main river systems, there are also a series of seasonal 

streams in the swamps. The area is underlain largely by alluvial and hydromorphic 

soils and lacustrine sediments of Pleistocene age. The water table in large sections of 

the Niger Delta is close to the surface but subject to spatial and seasonal variation. In 

the northern extreme of the delta, the water table is about 15m during the dry season 

(Ekine and Osbounye, 1999). During the wet season, the water table rises 
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considerably, in some cases, to the ground surface. The properties of the soils, 

especially resistivity, are influenced heavily by the ground water level. 

The regional geology of the Niger Delta is well known (Short and Stauble, 1967; 

Allen, 1965). The subsurface geology of the Niger Delta consists of three 

lithostratigraphic units, Akata, Agbada and Benin Formations, overlain by various 

types of quaternary deposits. The Benin Formation is essentially fluvial in origin and 

comprises of unconsolidated, massive and porous fresh water bearing sands with 

localized clay/shale beds. The thickness of the Benin Formation is about 2100m on 

the average. The age of this Formation ranges from Miocene to Recent. The Agbada 

Formation underlies the Benin Formation. Its thickness varies from 300 – 4500m 

(Short and Stauble, 1967). This Formation consists predominantly of unconsolidated 

pebbles, and very coarse to fine grained sand units with subordinate shale beds. The 

Agbada Formation underlies the Benin Formation. Its thickness varies from 300 – 

4500 m (Short and Stauble, 1967). This Formation consists predominantly of 

unconsolidated pebbles, and very coarse to fine grained sand units with subordinate 

shale beds. Underneath the Agbada Formation is the Akata Formation of Eocene to 

recent age (Amadi et al., 1987), which is made up of shales with local inter-bedding 

of sands and siltstones. It was deposited in a typically marine environment with 

maximum thickness of about 6100m (Ofoegbu, 1985). 

 

3. MATERIALS AND METHOD 

A total of 65 vertical electrical soundings (VES) were conducted using the 

Schlumberger configuration in four geomorphic zones of the Niger Delta. These 

geomorphic zones are the coastal plain sands, fresh water and meander belt, salt water 

mangrove swamp and estuary complex and the coastal beach ridges and Islands. The 

rationale behind the mode of sampling was based on the fact that variation in the 

spatial distribution of the subsurface resistivity is attributed to a combination of 

influencing factors such as topography (elevation), water level and water quality, soil 

type and soil physical property. The resistivity sounding was at 2.0 km. Although a 

2.0km station interval was initially adopted, due to poor accessibility in some sections 

of the delta, this was adjusted to 1 – 3km in a few areas. The positions and surface 

elevations of VES sites were also recorded during survey using a hand-held GPS 

receiver (Garmin product). This was necessary for the establishment of an accurate 

spatial relationship between sounding stations. Soil boring at every VES station was 

performed to 5m depth using a locally fabricated, easily dismantleable percussion rig. 

During the boring operations, disturbed samples were regularly collected at 0.75m 

intervals and also when a change of soil type was noticed. This was useful in 

physically identifying the soils giving the measured resistivity, their changes and 

distribution. The maximum current electrode spacing was kept between 40 m and  

150 m.  

In the Schlumberger configuration, current was injected into the ground through two 

outer electrodes C1 and C2 and the resulting voltage difference at two potential 

electrodes was measured. Increases in the depth of current penetration are achieved by 
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progressively increasing the electrode spacing. Field precautions observed to ensure 

good VES data quality included firm grounding of the electrodes, and checking for 

current leakage and creeps to avoid spurious measurements. Whenever profiling was 

done parallel to an existing pipeline, reasonable offsets were observed away from the 

pipeline to avoid conductivity interference with the pipeline. A number of geoelectric 

stations were purposely located near drilled boreholes so that the lithologic 

information could be used to calibrate the VES field curves. The instrument used was 

an Abem Terrameter SAS 3000, a digital self averaging instrument for DC resistivity 

work. A portable 12V battery was used as the power source while four stainless metal 

stakes were used as electrodes. 

         The field measurement of current, I and potential difference, ΔV were used in 

the computation of the apparent resistivity ρa given by 

ρa =
I

VK
                                                             

1 

where K is the geometrical factor given by 

K =  
2 2

2

a b
1

b 4a

  
 

 
                                            2 

Where  

 a = half the distance between current electrodes 

 b = distance between potential electrodes  

Apparent resistivity values are plotted against the half-current spacing (AB/2) on log-

log scale. Guided by the general trend of the field curves, partial curve smoothening 

of the field curves were made. The data obtained were later subjected to computer 

assisted iterative interpretation using 1-D inversion technique software (1X1D, 

Interpex, USA). This software produces the resistivity model, fitting the field data 

with the least root mean square (rms) error between the synthetic data generated from 

the model and field data. Solution iteration was performed until the fitting errors were 

normalized and constant. Thus, the software yields the number, thickness, resistivity 

of the various layers and the root mean square (rms) error. Model results are shown in 

Tables 1 to 4. The prediction of the degree of in-situ corrosiveness from resistivity 

measurements of the soil was made using the classification shown in Table 5.  

 

 4.  RESULTS AND DISCUSSION 

The results of the soil resistivity measurements are presented in Tables 1, 2, 3 and 4 

respectively. Classification of geomorphic zones and their soil characteristics with the 

spatial distribution of soil aggressivity in the Niger Delta are summarised in Table 6. 

The results show spatial variation among soil horizons across the various geomorphic 

zones. In the coastal plain sands sub-environment, the sediments of the near 

subsurface consists of highly weathered reddish lateritic clayey sand (red ferralsols) 
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overlying loose coastal sands (Table 1). Since pipelines are usually buried within 

shallow depth (~ 1- 3 m) of engineering significance, we only considered soil 

corrosivity in geoelectric layers 1 and 2. Table 2 shows that resistivity ranges between 

29.0 – 1288.4 Ωm in geoelectric layer 1 and 2.4 – 3772.2 Ωm in geoelectric layer 2 

but generally between 98 – 1288 Ωm. Generally, this geomorphic zone is non-

aggressive (effective agrressivity) and corrosion risk to metallic structures is expected 

to be low except in a few localized areas were the soil aggressivity is slightly or 

moderately aggressive. It pertinent to note that soils which have high resistivity when 

dry could become highly conductive when wet or saturated depending on the 

chemical content or pH. It is expected therefore that the resistivity of coastal plain 

sands geomorphic zone would greatly reduce in the wet season.  

Table 1. Coastal plain geomorphic zone resistivity data 

VES  Thickness of Layers   Resistivity (Ohm-m)  Fitting 

No 1 2 3 4 1 2 3 4 5 Error (%) 

1 1.3 2.0 - - 29.0 2.4 870.7 - - 1.5 

2 0.7 5.0 - - 258.1 16.8 372.6 - - 3.513 

3 0.9 2.6 2.7 5.5 64.6 125.8 151.6 1408.3 39.2 2.929 

4 1.0 0.7 0.6 2.7 45.5 86.6 387.6 2326.3 18.6 3.558 

5 0.4 0.6 0.9 2.8 492.4 20.8 173.0 564.3 14.9 2.717 

6 1.5 0.9 1.8 4.5 98.6 25.9 133.8 449.8 169.9 2.205 

7 2.1 2.1 - - 133.9 13.2 314.0 - - 3.451 

8 0.5 0.9 1.8 - 149.0 1263.9 758.9 3519.5 - 1.449 

9 1.0 0.4 5.2 - 61.8 249.7 674.0 326.9 - 2.412 

10 0.7 0.6 5.3 - 54.3 15.4 1537.6 329.8 - 4.249 

11 0.3 0.7 2.6 - 162.9 15.8 5331.1 431.0 - 3.445 

12 0.9 0.5 2.3 2.8 1206.2 886.4 5807.1 465.1 2349.0 2.353 

13 1.3 0.4 1.4 3.5 355.1 467.9 1905.6 393.9 1957.0 4.223 

14 1.0 1.2 2.8 - 1079.1 3772.2 359.9 1579.0 - 3.849 

15 1.8 0.5 1.0 - 1288.4 1101.8 6402.0 329.1 - 2.49 

16 0.5 0.4 5.7 1.5 1121.2 711.5 5717.0 1136.4 1634.7 4.443 

17 0.9 1.7 3.4 - 876.5 1145.7 5160.6 1481.4 - 4.644 

18 0.3 0.9 1.9 - 483.1 2595.2 977.8 5125.8 - 2.13 

19 1.1 1.9 2.7 - 545.9 305.4 827.0 2606.0 - 1.955 

20 0.5 0.7 1.9 3.9 1215.2 651.3 3394.6 795.0 6055.0 3.438 

21 0.4 0.6 1.4 - 951.3 4113.2 391.5 4854.1 - 3.512 

22 1.0 0.6 1.9 - 526.4 543.8 223.9 992.0 - 1.057 

23 0.4 0.6 1.6 5.5 258.9 464.8 151.5 1823.9 15.0 4.766 

 

In the freshwater and meander belt geomorphic zone, elevation ranges between 4-8 m 

above mean sea level (msl) and the soils comprise of firm-soft hydromorphic soil 

(brownish-grey-dark-grey plastic clay) with fine sand sediments and are rich in 

organic matter. Table 2 shows that resistivity values range between 5.0 – 481 Ωm in 

geoelectric layers 1 and 2 but generally between 13 – 260 Ωm.  Approximately 31% 

of the VES points show resistivity values that are moderately aggressive  in 

geoelectric layer 1 but is about 75% in geoelectric layer 2 at the depth range of 0 – 
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25m, the potential depth to which assets can be placed. Lower soil resistivity values 

were recorded especially in the clayey layer i.e in the second geoelectric layer. Very 

strongly aggressive or moderately aggressive areas are anodic regions that can form 

corrosion cells. The formation of large corrosion cells which can lead to severe 

corrosion failures are associated with low resistivities. Low resistivities are indicative 

of good electrical conducting paths usually due to reduced aeration and excessive 

electrolytes or wetness in the soil, or mineralization. In this geomorphic zone, the 

superficial soil is moderately aggressive (effective aggressivity). This posses a 

significant risk to steel corrosion. Metallic pipes and tanks installed within these 

layers will have a high probability of degradation. 

 

Table 2. Fresh water and meander belt geomorphic zone 

VES No  Thickness of Layers   Resistivity of Layers   Fitting 

 1 2 3 4 1 2 3 4 5 Error (%) 

1 0.5 6.4 40.8 - 146 36 2117 5053 - 2.4737 

2 0.5 4.7 98 - 57 31 230 126 - 3.751 

3 1.5 9.6 13.7 - 46 13 165 1793 - 5.2594 

4 1.1 1.9 6.7 23.5 61 15 135 15 1640 5.2276 

5 2.1 2.5 47.5 - 5 24 210 2945 - 4.4465 

6 2.3 9.7 27.6 - 43 57 629 2626 - 3.6265 

7 0.7 4.7 17.6 - 111 37 829 21009 - 4.4293 

8 1.3 4.1 43.8 - 180 65 1964 240 - 1.98 

9 1.1 11.1 29.4 - 214 481 111 1204 - 2.5298 

10 0.7 7.2 47.2 - 141 61 635 2192 - 3.7102 

11 1.4 13.2 25.6 - 72 15 663 149 - 2.7507 

12 0.5 6.3 81.2 - 240 47 376 375 - 4.0024 

13 0.4 12.1 36 - 12 24 60 462 - 4.1309 

14 1.3 25.5 22.8 - 222 72 293 9516 - 3.8467 

15 0.9 2.8 41.4 - 38 7 228 26 - 3.2224 

16 1.1 13.6 37.6 - 260 38 89 533 - 3.9752 

 

In the salt water mangrove swamp and estuary complex, the elevation is about 1- 4 m 

above mean sea level and the soils which are rich in organic matter consists of very 

soft-soft peaty and bog soil, dark-grey-black organic clay, overlying fine sand 

deposits. The pH in this geomorphic zone in the Niger Delta ranges between 3-6 

(NDES, 1995). Table 3 shows that resistivity values range between ~1.9 – 43 Ωm. All 

the sixteen VES measurements are in the moderately aggressive or very strongly 

aggressive category representing a significant risk to steel corrosion especially in the 

depth range of 0 – 10m. This geomorphic zone is very strongly aggressivity (effective 

aggressivity).   Metallic pipes and tanks installed in this geomorphic zone will have a 

higher probability of degradation. In the coastal beach ridges and Islands geomorphic 

zone, the elevation is about 0.5 – 4 m above msl and the soil type consists of very fine 

sand, very coarse silt, clayey silt, and organic silty clay with plant debris.  
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Table 3: Salt water Mangrove swamp and Estuary 

 Thickness of Layers    Resistivity of Layers (Ohm-m)  Fitting 

VES No h1 h2 h3 h4 h5 ρ1 ρ2 ρ3 ρ4 ρ5 ρ6 Error (%) 

1 1.70 3.30 36.30 - - 21.10 1.90 126.70 353.60 - - 4.9812 

2 1.40 2.70 28.10 - - 19.80 4.10 180.50 578.60 - - 2.3794 

3 1.20 2.10 31.50 - - 26.20 3.90 180.30 388.40 - - 1.9093 

4 1.40 4.30 26.40 - - 23.20 3.70 156.60 467.60 - - 4.5189 

5 1.40 9.10 45.00 89.00 - 21.60 3.30 349.20 575.50 721.60 - 4.2151 

6 1.60 5.60 34.80 60.10 95.5 25.70 2.10 366.80 893.80 1045.60 2102.9 4.3899 

7 1.60 2.64 9.06 19.20 30.8 26.40 14.40 9.44 6.07 19.80 37.9 3.2146 

8 1.58 3.54 10.80 29.03 - 1.28 2.22 5.98 2.40 1.23 - 2.4367 

9 0.74 1.73 5.84 92.10 - 10.40 35.10 2.34 516.30 527.50 - 3.1632 

10 1.58 0.79 13.70 75.31 - 13.80 37.45 8.01 243.90 489.70 - 3.7845 

11 0.61 2.06 11.97 62.52 - 3.11 23.45 4.08 366.30 1644.60 - 4.5324 

12 0.61 1.31 18.28 63.00 - 10.69 43.20 7.15 540.90 2642.30 - 3.0654 

13 0.74 3.60 31.89 57.70 - 4.45 12.27 104.70 31.26 95.97 - 5.0231 

14 0.41 1.50 7.57 83.77 - 6.69 20.54 13.33 75.58 33.85 - 1.99231 

15 1.06 9.25 82.77 - - 5.58 2.00 210.20 826.90 - - 1.7865 

16 1.73 1.47 11.47 79.05 - 4.07 17.26 3.78 422.88 570.63 - 2.2754 

 

Table 4. Coastal beach ridges and Islands  geomorphic zone       

 Thickness of Layers (m)    Resistivity of Layers (Ohm-m)  Fitting 

VES No h1 h2 h3 h4 h5 ρ1 ρ2 ρ3 ρ4 ρ5 ρ6 Error (%) 

1 2.6 2.51 65.37 - - 13.17 2.17 320.27 22.28 - - 6.0432 

2 0.36 10.66 47.23 20.09 - 5.19 69.5 11.57 21.36 259.06 - 4.9054 

3 2.37 2.35 81.5 - - 1.29 5.56 136.03 502.5 - - 5.4364 

4 2.44 6.5 23.8 37.8 - 5.38 1.97 7.13 1.03 2.12 - 2.5308 

5 0.57 1.4 43.3 45.2 - 11.55 2.19 52.1 37.3 26.65 - 3.4874 

6 1.26 12.3 72.3 - - 12.9 6.83 269.6 316.5 - - 4.7215 

7 0.59 1.81 10.6 12.1 98.5 201.8 438.7 63.8 137.4 191.1 209.3 2.3843 

8 2.66 7.55 74 92.2 - 135.3 43.1 5.86 131.2 220.9 - 0.9402 

9 1.34 6.52 27.1 73.8 - 280 427.7 156.7 67.8 59.2 - 2.6867 

10 0.9 3.1 23 95.4 - 55.7 647 1050 160 4.1 - 3.6742 
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Superficial soil resistivity range between 1 – 439 Ωm (Table 5), and over 70% of the 

resistivity values are within the moderately or very strongly aggressive category.  This 

geomorphic zone is moderately aggressive (effective aggressivity), the few areas that 

are non-aggressive are localized.  

 

Table 5: Classification of Soil Aggressivity by the British standards (BS-1377)                           

 RESISTIVITY (Ohm-m) SOIL AGGRESSIVITY 

 Up to 10 Very Strongly Aggressive (VSA) 

 10  -   60 Moderately Aggressive     (MA) 

 60  -  180 Slightly Aggressive          (SA) 

 180 -   above Practically non - Aggressive (PNA) 

 

The results indicate that the variation in resistivity of the superficial soils across the 

geomorphic zones in the Niger Delta generally decreases in a North – South trend, but 

with a slight increase at the beach ridges. The observed trend in the variation of 

resistivity indicates the increasing trend of soil corrosivity in the north-south 

direction. Corrosivity increases from the undulating coastal plain lowland through the 

gentle lowland flood plains of the fresh water swamp, the coastal creeks, the meander 

belts, backswamps (depressions behind river levees that are subject to seasonal 

floods), down to the salt water mangrove and estuary complex, and truncated at the 

coastal beach ridges.  The variation in the spatial distribution of the subsurface 

resistivity is attributed to a combination of influencing factors that include: 

topography (elevation), water level and quality, soil type and soil physical property. 

The results of the study show that areas with higher elevation tend to have higher 

resistivity values as the ground is generally drier (Fig. 2).  

 

Fig.2. Variation of soil electrical resistivity with altitude 
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For instance, the elevation of the undulating coastal plains lowland and lower flood 

plains of the freshwater swamps range between 15 – 30 m and 4 – 8 m above mean 

sea level (msl) respectively. Superficial soils of this geomorphic units exhibit 

resistivity values ranging between 13 – 3772 Ωm and 5 – 2626 Ωm respectively. The 

resistivity values of this zones are relatively higher (Table 1 and 2) than all other 

geomorphic zones in the Niger Delta. We observe that the most severe corrosive sub-

environments are at low elevations in poorly drained soils (e.g salt water and 

mangrove swamp estuary complex, coastal creeks, meander belts and wooded back 

swamps and coastal beaches and Islands) such as clays and tidal marshes consistent 

with the findings of Schwerdtfeger (1965). The soil type and physical property of the 

soils were also in part responsible for the observed spatial variability in resistivity. 

The relatively high resistivity exhibited by the undulating coastal plain lowland and 

lower flood plains of the freshwater swamps consists of soil types that are red 

ferralsols and dry, soft-firm-stiff, reddish yellow-brown-grey podzol overlying loose 

coastal sands. The coastal creeks, meander belts, and wooded backswamps are 

characterized by riverine and lacustrine deposits with a very high water table and 

relatively low soil resistivity. The soils comprise firm-soft alluvial and hydromorphic 

soils (brownish-grey-dark grey plastic clay), with fine sand sediments which are rich 

in organic matter.   The salt water mangrove swamps and estuary complexes 

geomorphic zone is characterized by soils rich in organic matter, consisting of very 

soft-soft peaty and bog soil, dark-grey-black organic clay, overlying fine sand 

deposits. Peaty and bog soils are poorly drained soils rich in organic matter with high 

humic acid concentrations that results in a high acidity level in the soil responsible for 

the high aggressivity of the soil. The coastal beach ridges and Islands are 

characterized by evenly laminated fine – medium sand with intercalation of organic 

clay. 

Also, not only is the water table encountered at shallower levels as elevation 

decreases from the coastal plain sands sub-environment at the delta tip to the coastal 

beach ridges and Islands at the delta axis, but also the water would become saline and 

thus more conductive. While the coastal plain, lower flood plain, coastal creeks, 

meander belts and wooded backswamps with relatively high resistivity values have 

fresh water swamps (non – tidal wetlands), the mangrove swamps and beach ridges 

have tidal influence with objectionable ground – water quality characterized by a high 

incidence of turbidity and high hazen units of colour and higher ionic content and 

subsequently high soil conductivity. NDES (1995) reported that the pH in such areas 

in the Niger Delta ranged between 3 and 6. Although the area is diurnally flooded, it 

is poorly drained by reason of the low permeability of the soils. This combination of 

conditions results in high water saturation, thus enabling high ionic mobility. The 

classification of geomorphic zones and their soil characteristics with the spatial 

distribution of soil aggressivity in the Niger Delta is shown in  Table 6. 
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Table 6: Classification of geomorphic zones and their soil characteristics with the spatial 

distribution of soil aggressivity in the Niger Delta 

S

/

N 

Geomorp

hic Zone 

Elevati

on 

above 

Soil type Water Quality Soil Corrosivity Soil 

Resistivity 

  msl (m)    (Ohm-m) 

1 Coastal 

Plain 

15 - 30 Red ferrasols on loose 

sandy sediments 

Fresh water Slightly 

aggressive 

98 – 1288 

Ωm 

    to practically  

    non aggressive  

2 Fresh 

water and 

4--8 Alluvial and hydromorphic 

soil on riverine and 

lascustrine deposits and 

predominantly dark grey 

clay 

Fresh water slightly 

aggressive to 

moderately 

aggressive 

13 – 260 

Ωm 

 meander 

belt 

 

   

3 Salt water 

mangrove 

 Peaty soil and bog, rich in 

organic matter, organic 

clay overlying loose fine 

sand 

Brackish water 

high ion 

content, 

poor water 

quality 

moderately 

aggressive 

to strongly 

aggressive 

2.0 – 43 

Ωm 

 swamp 

and 

estuary 

1--4 

   
4 Coastal 

beach 

ridges 

and 

Islands 

2---8 Evenly laminated fine 

medium sand, interbedded 

with organic rich clay 

high ion 

content, 

poor water 

quality 

moderately 

aggressive 

to strongly 

aggressive 

2.0 – 439 

Ωm 

   

    

 

 

CONCLUSION 

Soil corrosivity, considered to be a major factor linked to the structural failure of 

buried metallic structures is evaluated using surface geoelectrical sounding method. 

This method is fast and less expensive compared to the traditional approach of using 

soil borings and experimentally measuring soil properties to determine soil 

aggressivity. Generally, the superficial soils within the potential depth to which assets 

can be placed in the coastal plain sands is non-aggressive (effective aggressivity), 

therefore buried metallic structures are at low risk of corrosion. In the fresh water and 

meander belt, the shallow superficial soils are moderately aggressive, but are very 

strongly aggressive in the salt water and estuary complex and coastal beach ridge 

geomorphic zones.  Corrosion hazard is likely to be serious in these geomorphic zones 

and buried metallic structures will have a higher probability of degradation. 

Corrosivity increases from the undulating coastal plain lowland through the gentle 

lowland flood plains of the fresh water and meander belt zone, down to the salt water 

mangrove and estuary complex, and truncated at the coastal beach ridges. Factors 

identified to be responsible for the spatial variation in soil resistivity and hence 

aggressivity include topography, water level and water quality, soil type and soil 
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physical property. The most severe corrosive sub-environments are at low elevations 

in poorly drained soils.  
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