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Abstract 
 

Electrical resistivity property is widely employed recently for assessing the 

geotechnical parameters of soil, including the swelling index. However, under 

circumstances of leaking hydrocarbon products into expansive grounds, the 

perspective of using such technique in identifying the degree of contamination 

is still obscure and needs more investigation.  In this research, six identical 

resistivity boxes are self-instrumented in the laboratory to test samples of 

different clay-bentonite mixtures upon oil contamination.  The samples are 

tested under various control conditions of densification and water content. 

Each soil mixture is artificially contaminated with crude oil at a certain 

percentage ranging from 0% to 25% of its dry mass. The outcomes show that 

electrical resistivity increases with the addition of oil, and that is highly 

noticed for the samples characterized by high swelling potential. Also, 

increasing the dry unit weight of expansive polluted samples contributes to 

raising the resistivity measurements. However, adding more water to the 

contaminated samples causes a noticeable reduction of the resistivity 

measurements.  
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The obtained results could be used as a guide for use in soil remediation 

concerning polluted ground. Thus, the study contributes to producing a 

reliable alternative to using costly, time and effort consuming conventional 

tests. 
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1 Introduction 

 The contamination with oil can consider as a severe problem in geo 

environmental engineering due to its effects on the atmosphere, groundwater 

and soil. Many cases of oil spills have been recognized recently in different 

places due to damage in the infrastructures of oil manufacturing, which have 

caused severe environmental risks and deterioration to the subsurface and its 

geotechnical properties. The contamination of soil changes the geotechnical 

properties of soil, depending on the soil nature and the sort and amount of the 

petroleum hydrocarbon product[1]. 

 Since understanding the impact of oil pollution through the soil stratum is 

vital, to ensure a reliable assessment of the eligibility of the affected soil for 

construction or identifying the appropriate treatment method[2]. Therefore, 

many investigators studied the effect of pollution on the geotechnical 

properties of different types of soil. They used different hydrocarbon products 

like kerosene, motor, or crude oil. Examples include studying high plasticity 

clay by [3] sand and clay [4]; fine sediments [2] [5]; sand-clay proportions [6] 

sand and clay soils [7] and [8]and others. 

 

2 Literature Survey 

 The previous studies, through their experimental program, presented a 

reliable guide to highlight the variation in the soil properties upon 

contamination such as grain size distribution, plasticity index, compaction 

characteristics, soil permeability, etc. However, the effect of oil pollution on 

the swelling properties through an expansive characterized with high volume 

change upon drying or wetting with water was not considered. Although few 

recent attempts suggested adding oil products as an improvement technique 

for stabilizing an expansive ground [9], they did not interpret the relation 

between the degree of pollution and the swelling index for different expansive 

soils. Thus, the behaviour of such soil upon contamination with hydrocarbon 

products is still obscure and needs enhanced understanding. 
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On the other hand, those conventional laboratory experiments still, in most 

circumstances, costly and require much effort and time to be performed.  That 

is why some researchers functionalized the Electrical Resistivity ER method 

in their studies. Related to this topic, see [10].  The ER is economical, quick, 

non- destructive, and applicable for different soil types; its measurements can 

deliver beneficial information about moisture, densification, and salinity of 

the subsoil  [11][12] [13]. Moreover, the relationship between the electrical 

data and oil content can quickly establish. The ER of the petroleum substance 

in the soil is different in value from that of the water[14]. On the other hand, 

the ER is very useful in the evaluation of the degree of contamination as the 

electrical response will be altered concerning oil type and content [15]  

 Referring to the non-polluted expansive soil, the ER method was 

identified through previous literature with its high sensitivity to the 

mineralogical properties including montmorillonite and clay content[15]. 

Moreover, ER response can be used to correlate to the swell parameters such 

as swelling potential of expansive soils[16]. However, the electrical response 

of expansive soil and extending the correlation between ER and the swelling 

potential to include the percentage in the pollution with hydrocarbon 

substances was not taken into consideration in previous literature[17][18].  

 To sum up, ER method has many advantages for identifying the behaviour 

of different soils, including expansive type. However, the electrical response 

of such subsurface upon hydrocarbon contamination was not considered 

previously. In this research, six ER test boxes of four-electrode configuration 

are instrumented in the laboratory to investigate the electrical response of 

expansive soil samples upon contamination for a different range of soil 

expansivity and contamination with crude oil. Thus, the potential of using ER 

in identification the amount of pollution for soils having a different swelling 

index has been assessed. 

 

3 The Configuration and Calibration of the Used Electrical 
Resistivity Boxes  

 In this study, six identical electrical resistivity boxes are self-instrumented 

in the laboratory with a configuration similar to that of commercial ER boxes 

type MCMiller. See Figure (1).  
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Figure 1 The test boxes used to measure the electrical resistivity of the soil 

 

 Each box has internal dimensions (22.2 cm long x 3.2 cm wide x 3.8 cm 

high) and is made from a clear soft plastic with four electrodes. For 

simplification in measurements, the electrode configuration is set to make the 

geometric factor (k) equals one. Consequently, the resistance R in Ohm 

(=voltage V/current I) will be equal to the resistivity  in Ohm.cm (k*R). 

Square steel-plate electrodes are fixed on the width-height faces of the box at 

each terminal side to inject electrical current. Further, two-pin steel electrodes 

of 1 mm diameter and extendable up to 24 mm inside the box are fixed at a 

specific distance from the middle of the length-height face of the box to 

measure the potential. See Figure (2), for more clarification. Each box is 

labelled and calibrated to ensure collecting reliable ER readings. All boxes are 

filled with the same homogenous solution of tap water (have the equal value 

of resistivity). Thus, any variation in the ER measurements of the 

corresponding test box will be detected, and the error percentages associated 

with each box is identified. The electricalconnection for each test box is 

considered as shown in the following electrical circuit, Figure (3).  

 

 
Figure 2 The configuration of the four electrodes in the ER test box 
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Figure 3The setup of the ER box with meters, wires and the battery 

 

 The two current electrodes are connected to an Ammeter (type UNI-T 

UT58A) while both of the voltage electrodes are connected to a voltmeter 

(type UNI-T UT58A). The power supply type is YaXun ps-1502DD. Caution 

is drawn for temperature by recording it at regular intervals during 

measurements because of its significant impact on the measurements (Ward, 

1971). The wires are 0.05 cm in diameter and 50 cm in length, see Figure(4). 

The readings are obtained for each individual box and the error is recorded, 

see Figure(5). All electrical tests have been conducted at the Biomedical 

Engineering Department / College of Engineering at the University of Thi-

Qar. 

 

 
Figure 4 The ER box is filled with tap water and tested for calibration 
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Figure 5 The error percentages corresponding to each ER box 

 

4 Soil Preparation and Testing Program 

 The sodium bentonite used in this study is a natural powder supplied by 

the State Company of Geological Survey and Mining to the behalf of AL-

Nassiriya Oil Refinery. The later provided the bentonite as well as the crude 

oil used as a petroleum product in this study. Soil samples of different 

swelling potential are artificially prepared by adding bentonite in percentages 

to a natural soil collected from a site near the University of Thi-Qar, southern 

Iraq. Table (1) shows the bentonite and soil properties. The soil specimen 

possessed particular swelling index is mixed thoroughly with the target 

fraction of crude oil with characteristics demonstrated in table (2). Due to 

sensitivity of the expansive soil to hydration, it is left for 14 days in a sealed 

plastic bag to reach equilibrium and to ensure a uniform distribution to the 

crude oil over the soil sample, see Figure (6). 

 
Table 1 Properties of used bentonite and natural soil 

Property Bentonite Natural Soil 

Liquid Limit % 163 37 

Plastic Limit  % 65 25 

Plasticity Index % 98 12 

Specific Gravity 2.98 2.7 

Max. Dry unit weight (g/cm3) 1.51 1.65 

Optimum Moisture Content % 29.8 16.5 

Grain Size D 30 in micron - 3.5 

Mean grain size, D50 in micron - 7 
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                             Table 2 Properties of used crude oil 

 

 

 

 

 

 

 

 

.  

Figure 6 The labelled soil samples during maturation 

 

 Afterwards, the potential electrodes are removed for enabling the soil to 

be compacted inside the box, see Figure (7). Each sample is manually 

compacted at a required density into three layers using the same compaction 

effort. Then, it is tested according to the planned testing program and 

following the same procedure described in the calibration. Each reading has 

been repeated for at least three times for reliability in results. The typical 

electrical test setting of a sample is shown in Figure (8). The crude oil is 

added to the soil at percentages up to 25%. Figure (9) demonstrated the same 

soil mixture with different oil percentages after testing. 

 

 
Figure 7 Removing electrodes for facilitating the soil compaction inside the                                           

box 

 

Property Value    

Color Black 

Specific gravity at 20C 0.8 

Viscosity at 50 C 10.8 

API Gravity 28.2 

Kinematic Viscosity  9.48 
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Figure 8 A soil samples under test 

 

 
 

Figure 9 The same soil samples mixed with different amount of crude oil (after the 

ER testing) 

 

 The test program includes four main electrical testing series as described 

in Figure (10). In the first series, four unpolluted samples are tested according 

to their swelling characteristics, and all are compacted at the same dry unit 

weight (1.6 g/cm3) and water content (16.5%) for obtaining a fair comparison. 

These test series aim to investigate the effect of the swelling potential upon 

the electrical measurements. In the second series, expansive soil samples 

(S:B=1:1) and un expansive soil samples (S:B=1:0) are tested under a control 

pollution percentages ranging from 0% up to 25%. The target of this series is 

to compare the electrical behavior of expansive soil with that of non-

expansive subsurface upon contamination with crude oil at different 

percentages. The expansive and non- expansive soil samples are compacted at 

their maximum dry unit weight 1.669 g/cm3 and 1.6 g/cm3 respectively, and  
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the optimum water content of 17.9% and 16.5% respectively. In the third 

series and for examining the electrical response upon variation of expansive 

soil densification, twelve samples (S:B=1:1)  polluted with crude 0-25% are 

compacted at dry unit weights 1.669 g/cm3  and 1.536 g/cm3, all mixed to the 

same water content of 17.9%. In the four testing series, two varieties in 

hydrological situations are involved. Thus,  twelve polluted samples 

(S:B=1:1)  with the variation of oil pollution up to 25%  compacted at the 

same density ( 1.536 g/cm3) with water content 14.2 % and 22.3 %. 

 
Figure 10 Electrical Testing Plan 

 

5 Results and Discussion 

 The results of the first series of ER measurements, where each specimen 

has a certain swelling potential based on its soil to bentonite ratio are shown in 

Figure (11). In general, the recorded resistivity values are relatively low, 

ranging from 13.3 .m to 47.7 .m. These values are matched the similar 

studies for fine soils by (Faroqyy, 2018). Also, it is reported that increasing  
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FSI contributes to a reduction in resistivity outcomes, and that is in harmonic 

with the results by (Chu, Lu, Bate & Xu, 2018) who produced a relationship 

between free swell rate and surface conductivity of expansive soil. The reason 

behind this could attribute to the increase in the surfaces of charged particles 

of the fine bentonite. The latter, in its role, lead to increase conductivity and 

reduce resistivity. Also, it is worth mentioning here that the resistivity-

swelling relationship is not linear. The reduction is so sharp and significant for 

low free swell indices. It ranges from 47.7 .m corresponding to non-

expansive soil to 21.8 .m when reaching about 100% FSI. However, the 

reduction in resistivity becomes lesser for higher FSIs. Thus, for FSI of 667%, 

the resistivity reaches only 13.3 .m.  

 

 
Figure 11 Free swell index versus apparent electrical resistivity 

 

 The results of the second series of electrical resistivity measurements, 

where specimens of expansive soil (FSI= 200%) and non-expansive soil (FSI= 

0%) are polluted with crude oil up to 25%, are demonstrated in Figure (12). 

The general trend referred to an increase in resistivity measurements with 

increasing crude oil percentages for both soils. These outcomes match the 

results by [14] who described Hydrocarbons as excellent insulators, restricting 

the mobility of ions in the water of the specimens and consequently offering 

very high measurements of electrical resistivity. Moreover, the increase of ER 

is remarkably more elevated for the expansive soil samples in comparison to 

that of non-expansive soil. The interpretation could back to the rise in the 

volume of the expansive soil upon wetting which can offer the largest area 

occupied by the resister oil in comparison to the lower area associated with 

non-expansive samples. 
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Figure 12 Apparent electrical resistivity versus crude oil content for two samples 

having 200% and 0% FSI respectively 

 

 The results of the third series of electrical resistivity measurements, where 

specimens of expansive soil (FSI= 200%) are polluted with crude oil up to 

25% in two groups of having two different density (controlled by void ratio), 

are demonstrated in Figure (13). The resistivity measurements pointed to 

increasing the dry unit weight contributes to increasing the ER measurements. 

The explanation of the findings could be linked to the charge of smaller voids 

filled with a mixture of water and oil possess a higher degree of saturation 

with the electrical isolator in comparison to that of larger voids associated 

with the soil of less density. 

 
Figure 13 Apparent electrical resistivity versus crude oil content for two samples 

having 200% FSI and two different unit weight 
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 The fourth series are showing the electrical resistivity measurements 

versus the change in water content within two values of 14.2% and 22.3 % for 

the same compacted polluted expansive soil samples with FSI =200%. The 

outcomes illustrated in Figure (14) show, adding more water makes the water 

as the governed and cause in decreasing the ER data. The behavior in 

harmony with that observed for fine soils with many studies.  

 

 
Figure 14 Apparent electrical resistivity versus crude oil content for two samples 

having 200% FSI and with two different water content 

 

6 Conclusion 

 ER test boxes of four-electrode configuration are developed in the 

laboratory to examine the electrical properties of expansive and non-

expansive soil samples upon contamination with different percentages of 

crude oil.  The following conclusions can be drawn: 

 Increasing FSI of non-polluted samples contributes to a reduction in 

resistivity outcomes. It may be as a result of the increase in the surfaces of 

charged fine particles of the bentonite.  

 The resistivity-swelling relationship is not linear for non-polluted 

samples,  such that the reduction is so sharp and significant for low free swell 

indices Increase ER measurements with increasing crude oil percentages for 

both soils (expansive and non-expansive) as the hydrocarbons act as excellent 

insulators, restricting the mobility of ions in the water of the specimens. 

Moreover, the increase of ER is remarkably higher for the expansive soil 

samples in comparison to that of non-expansive soil. It can attribute to the rise 

in the volume of the expansive soil upon wetting which can offer the greatest 

area occupied by the resister oil in comparison to the lower area associated 

with non-expansive samples. 
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 Increasing the dry unit weight contributes to increasing the ER 

measurements. The explanation of the findings could go back to the charge of 

smaller voids filled with the mixture of water and oil that have higher degree 

of saturation with the electrical isolator in comparison to that of larger voids 

associated with soil of less density. 

 Adding more water makes the water as the governed and causes in 

decreasing the ER data.  
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