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 With an emphasis on establishing a connection between electrical and sub-surface 
hydro-geophysical features of soils, a critical evaluation of electrical resistivity 
technique applications is conducted in the current work. In order to identify diverse 
subsurface soil characteristics at different stratifications, the electrical resistivity 
approach is a widely utilized geophysical method that is extensively adopted in 
various Earth landforms. The assessment of sub-surface hydro-geophysical features 
of soils, on the other hand, offers information on the hydrogeological and geological 
properties including the classification of aquifer types, groundwater pollution, and 
seismic data. The vast majority of the information compiled in this work may help 
the researchers better understand some basic fundamental issues relating the 
hydrogeology. 
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Nomenclature  Nomenclature  

 Watts ࢃ Depth (m) ࡴ
 Thermal conductivity (W/m.K) ࢑ Electrical resistivity (Ω-m) ࡾࡱ
 Liquid limit ࡸࡸ ૛ Coefficient of determinationࡾ
 Plastic limit ࡸࡼ Correlation coefficient ࡾ
N Number of blow counts ࡵࡼ Plasticity index 
 Linear shrinkage ࡿࡸ Internal angle of friction (ᵒ) ࢶ
 Unit weight (Kg/m3 ) ࢽ Cohesion of soil (in KPa) ࡯

 Specific gravity ࢙ࡳ Bearing capacity of soil (in KN/m2)     ܋܊ܙ
 Transmissivity (m2/day) ࢋࢀ  (%) Porosity ࢔
 Hydraulic conductivity (m/day) ࢋ࢑ Void ratio ࢋ
 Apparent resistivity (Ω-m) ࢇ࣋ (%) Degree of saturation ࢘ࡿ
 Transverse resistance (Ω-m2) ࡾࢀ (%) Water content ࢉ࢝
 Bulk density(mg/m3) F Formation fraction ࢈࣋
 Watts ࢃ Dry Density density (g/cm3) ࢟࢘ࢊ࣋
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1. Introduction  
Sub-surface exploration requires engineering and 

geologic properties of soil. Currently, various 
techniques are available for assessing the sub-
surface properties such as in-situ tests, laboratory 
testing, and use of geophysical techniques. The 
various field as well as laboratory testing methods 
are available for sub-surface characterisation of 
soil, which has advantages as well as limitations 
[1]. The application of conventional methods is 
useful but may not be useful for some unusual cases 
for effective investigation of subsurface properties 
[2]. The use of these techniques often lies on the 
degree of efficiency, applicability, and the nature 
of work. An assessment of sub-surface properties 
in the laboratory can be conducted under different 
conditions. However, actual results may vary in 
comparison to in-situ test due to disturbed soil 
samples. Besides, in-situ tests are expensive and 
time-consuming [3], which impel the researchers to 
focus on other efficient and alternative techniques 
such as geophysical techniques. A commonly 
adopted geophysical technique preferably used as 
an alternative to conventional techniques is the 
electrical resistivity method [4]. It is cost-effective, 
non-destructive, sensitive, and comparatively 
required less time than conventional techniques [4; 
5; 6, 7; 8; 9] since its inception in early 1920’s 
several improvements on this method were made 
such as three dimensional (3-D) and four-
dimensional (4-D) surveys in complex geology. 
Electrical resistivity methods have received 
potential attentions in various areas such as mineral 
exploration [10; 11; 12], archaeology [13; 14; 15], 
hydrogeology [16; 17; 18], and environmental 
engineering [6; 19; 20]. A combined use of 
electrical resistivity method and other conventional 
techniques are also investigated by several 
researchers in various areas [21; 22; 23; 24; 25]. 

Sub-surface soil parameters are well-correlated 
with electrical resistivity. In other words, electrical 
resistivity is a function of subsurface soil 
parameters that includes nature of solid 
constituents such as distribution of particle size and 
mineralogy; voids arrangement such as porosity, 
connectivity and distribution of pore size; degree of 
saturation of water that is water content, solute 
concentration and temperature [5]. Electrical 
resistivity of sub-surface soils varies both in 
vertical and lateral directions, which can be 
intercepted by electrical resistivity tomography 
(ERT) [17]. All such parameters influence the 
electrical resistivity in different ways and to varied 
extents. Hence, electrical resistivity provides a 

good interlinked with engineering properties on 
various soil index such as Atterberg's limits, dry 
density, saturation limit of compacted clays, and 
percentage composition of fine and coarse 
particles, and hydraulic conductivity [26; 27; 28; 
29; 30]. In this work, critical reviews were made on 
various subsurface soils properties and resistivity 
trends on soil index using the electrical resistivity 
method.  

1.1. Methodology Outline for Review Process 
Data on the utilization of electrical resistivity for 

sub-surface hydro-geophysical investigation were 
gathered from some refereed studies that were 
critically chosen for this study. In total, 82 peer-
reviewed works including review articles, research 
articles, handbooks, and theoretical presentations 
were employed in this study to report on the 
systematic review. The research that has been peer-
reviewed is from various reputed institutions and 
organisations that were conducted utilizing 
electrical resistivity as well as laboratory tests, by 
considering various soil types of sub-surface strata, 
densities, and porewater resistivities as well as 
temperature and other factors. Figure 1 displays the 
review method's general organisational structure.  

Electrical resistivity (ER) method quantifies the 
potential field generated by current flowing into the 
sub-surface where contiguous contrast of electrical 
resistivity is measured. 

2. Basic of Electrical Resistivity  
The resistance offered by the unit cube material 

against the current flow through it normal surface 
is defined as resistivity. If ܮ represents the length 
of the conductor and ܣ is the cross-sectional area, 
then the resistance (ܴ) can be defined 
mathematically as: 

ܴ = ܮ)ߩ ⁄ܣ ) (1) 

Here, ߩ is the constant of proportionality known 
as resistivity or electrical resistivity (ܴܧ). It has a 
unit of ohm-meter (Ω-m). Ohm is defined as the 
resistance offered by the conductor to produce 1 
volt as potential difference after supplying current 
of 1 ampere. Typically, the concept of Ohm’s law 
is used in electrical resistivity technique, 
mathematically defined as: 

ܫ = ܸ/ܴ (2) 

where ܫ denote the electric current through the 
conductor, ܸ represents the voltage, whereas 
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resistance is denoted by ܴ. In particular, ܴ is 
applicable only for a measurement in a particular 
circuit and ߩ represents the intrinsic property of all 
physical materials. However, for half-space 
geometry, we used another term for ߩ known as 
apparent resistivity൫ߩ௔௣൯, defined as: 

௔௣ߩ = ݀ߨ2
∆ܸ
ܫ

 (3) 

where 2݀ߨ is for half-space geometry with ݀ 
denoting inter-electrode spacing in metre (m). The 
measured voltage across the inner electrodes is ∆ܸ 
for the specific value of ݀. Table 1 shows the range 
of resistivity value compile after Telford et al. [31] 
and Reynolds [32] for dissimilar materials. 

 
Figure 1. Structure outline of the method for review. 
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Table 1. Range of resistivity for different materials (compiled after Telford et al. [31] and Reynold [32]). 
Material Min range of resistivity (Ω-m) Max range of resistivity (Ω-m) 

Gravel 100 400 
Sand 100 5000 
Clay 1 100 
Granite 5000 10଺ 
Gneiss 100 1000 
Schist 100 10000 
Ground water 10 300 
Ice form in sub-surface 1000 10଺ 
Glacier ice 10଺ 10଼ 
Air Infinite Infinite 
Limestone 0.067 1 

 
In general, for sub-surface formations, four 

electrodes are used for measuring the resistivities. 
Depending on the purpose of sub-surface 
exploration, different electrodes arrangements 
were made to measure the potential difference. 
Figure 2 shows typical resistivity array 
configuration with AB representing current 
electrodes and MN representing the potential 
electrodes. The pole-pole array consists of only 
single current electrode and potential electrode (A 
and M). For pole-dipole arrangement, it consists of 
single current electrode (A) with two potential 
electrodes (AB), and for dipole-dipole arrays 
configuration, it consists of both current electrodes 
(MN) and potential electrodes (AB). Among these 
electrode configurations the Wenner and 
Schlumberger arrays configurations (shown in 
Figure 2) are used widely. The Wenner 
configuration involves the placement of four 
electrodes including current (M and N) and 
potential (A and B) electrodes at equally spaced 
distance termed as d as shown in Figure 2. Thus 
outer electrodes cover a distance of 1.5 times ݀ 
from mid-span in Wenner array. The ߩ௔௣ value can 
be calculated using Equation 3. In Wenner array, ݀ 
is increased by steps to measure the desired depth. 

The spacing of current electrodes (M and N) is 
equal to five times or more as compared to potential 
electrodes (A and B) as per schlumberger arrays 
configuration. In Figure 2, ݀ represents the inner 
electrodes distance, whereas L denotes the 
outer/current electrodes distance. Thus in 
Schlumberger arrays configuration, the  ߩ௔௣  value 
can be calculated as: 

௔௣ߩ = ܴߨ
ଶ(2/ܮ) − (݀/2)ଶ

݀
 

(4) 

ܮ ݂݅ ≫ ݀ 

௔௣ߩ = ܴߨ
ଶ(ܮ)

4݀
 

(5) 

ܮ ݂݅ > 5݀ 

2.1. Field investigation 

Two commonly used field investigations for sub-
surface soils using electrical resistivity method are 
the resistivity depth sounding method and profiling 
method. Figure 3 shows the structure outline of the 
electrical resistivity method. 

2.1.1. Resistivity depth proving (or sounding) 
method 

This method (also known as vertical electrical 
sounding) is used whenever the depth section of a 
particular place is required. In this method, the 
depth of influence under the sub-surface is directly 
proportional to the space between current 
electrodes at fixed centre. The higher spacing 
between current electrodes allows deeper 
penetration of current below the sub-surface, which 
helps in extracting the characteristics such as depth, 
thickness, and resistivities. Both the Wenner and 
Schlumberger configurations are suited to this 
technique; however, Schlumberger has some 
advantages. The use of Wenner configuration is 
more convenient to compute and interpret but it 
requires lateral length and has limitations. 
Similarly, the Schlumberger method is easy to use 
but difficult to interpret [33]. The naturally 
developing self-potential in the sub-surface is to be 
eliminated and nullified. Thus only the potential 
difference developed by experimental impressed 
current should be considered. 

On a double logarithmic scale, the plot between 
apparent resistivity and current electrode spacing is 
developed, which is known as sounding curve. To 
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get the layer parameters, the information sounding 
curve is interpreted. Two commonly interpretations 
techniques are (a) direct method and (b) indirect 
method. The direct method employs the computer 
codes for extracting the layer parameters from the 
field. The received field curves usually may differ 
from the available master curves. In such case, the 
proper layer parameters are opted from the 
theoretical sounding curve that fits best with the 
field condition. Direct method of interpretation can 
be found in the works of Pekeris [34]; Koefoed 

[35]; and Loke [36]. In later methods, the 
theoretical master curves prepared in advance with 
different known layer parameters are compared 
with the field curves. Several albums of master 
curves developed for interpretations adopted in the 
studies of Compagnie Generate de Geophysique 
[37]; Orellana and Mooney [38]; Rijkswaterstaat 
[39]; and Flathe [40]. Besides, Sankar Narayan and 
Ramanujachari [41], and Baig [42] developed 
‘inverse slope’ and ‘direct slope’, a new method to 
determine layer thickness and absolute resistivity. 

 
Figure 2. Typical array configuration. 

2.1.2. Resistivity profiling (or traversing) 
method 

In this method, the electrode system moves as a 
whole from one station to another along a line 
known as traverse or profile. The electrode 
separation is kept fixed for two to three values 
݀ ݕܽݏ) = 5 ݉, 10 ݉,  and the ,(݉ 20 ݎ݋ ݉ 15
centre of the electrode spread is moved from one 
station to another station or grid points to have the 
same constant electrode points. The main objective 
in this method is to detect the sub-surface changes 
in horizontal or lateral spread. On completion of 
apparent resistivity observations on all the stations, 
the linear maps or resistivity contour maps of the 
area showing iso-resistivity lines are prepared. This 
method is greatly useful for mineral and 
groundwater exploration where isolated bodies of 
anomalous resistivity are required.  

3. Variations of Electrical Resistivity with Sub-
surface Properties 
3.1. Effect of water content (܋ܟ) 

The value of resistivity is affected by the water 
content present in the soil strata, and they are 
inversely proportional to each other. The increase 
in ܿݓ present in the void spaces of soil led to 
decrement in the electrical resistivity [43; 44; 22; 
45; 46; 28; 4; 47; 48; 49; 50]. Such studies involve 
the correlation analysis between electrical 
resistivity and soil properties (ܿݓ, ௕ߩ,݇  with (ܿݐ݁,
the measurement of field and laboratory resistivity 
survey. Siddiqui and Osman 2012a measured the 
electrical resistivity of a different type of soil (silty-
sand, sandy, coarse-grained sandy soils) in the 
laboratory condition keeping the potential 
difference ranging (30-90V) and temperature of 24 
°C. The various parameters such as saturation 
conditions, difference in temperature, and 
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overburden pressure are responsible for the 
variation in between field and laboratory resistivity 
values [51]. Effect of ܿݓ for other soil conditions 
such as metal-contaminated soils, coarse grained 
clayey sandy soils, and composite end-product of 
weathering rock has been studied in the works of 
Chu et al. [52]; Bery and Ismail [53], and 
Akintorinwa and Oluwole [54]. 

Cosenza et al. [22] observed that variation in 
vertical ܿݓ contributes virtuous support to identify 
variations of vertical geotechnical property of the 
sub-surface. They further conclude that 
investigation in view of ܿݓ can be well-intercepted 
by electrical resistivity method. In the case of 
sandy soil, Pandey et al. [55] found that the 
electrical resistivity decreased rapidly with the 
increase in water content. They conclude that both 

relative density and ܿݓ can be effectively used to 
predict electrical resistivity. Rezaei et al. [56] 
established an inverse correlation between ܴܧ 
and ܿݓ indicating that with the decrease in one 
parameter the other parameter increases. They 
made a case study of Nargeschal Province, Iran, 
through geotechnical and geophysical 
investigation. Sun and Lü [57] in their study found 
that silty-clay soil with specific ܿݓ offers 
insignificant electrical resistivity than the silt soil. 
Hence, the obtained correlations have been made 
with field data, laboratory testing, different soil 
materials, different densities, different porewater 
resistivities, temperature, etc. Figure 4 shows data 
fitting (power, polynomial, and linear 
relationships) between ܴܧ and ܿݓ observed by 
several authors. 

 
Figure 3. Structural outline for electrical resistivity method. 
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Figure 4. Data fitting between relationship between ࡾࡱ and ࢉ࢝ (%). 

3.2. Effect of thermal conductivity 

A very limited work is noticed related to the 
relationship between thermal conductivity and 
electrical resistivity of the sub-surface. Both 
electrical resistivity and thermal conductivity 
depends on the distribution, saturation, grain size, 
and dry density of the soils. Wang et al. [48] 
analysed a laboratory case study to evaluate the 
relationship among thermal conductivity (݇) and 
 They observed that excluding soil .(Figure 3) ܴܧ
saturation both thermal conductivity and electrical 
resistivity correlates linearly. They observed that 
for a well-graded soil both thermal conductivity 

and electrical resistivity increase with the increase 
in saturation until a critical value is reached where 
it becomes stable. Sun et al. [58] performed an 
experimental study on silty clay soil considering 
frozen and unfrozen soil conditions to analyse the 
correlation of thermal conductivity and electrical 
resistivity. Their study was based on different 
water contents where the variations of ܴܧ with 
thermal conductivity are discussed on three phases-
freezing prophase, freezing metaphase, and 
freezing anaphase. Figure 5 represents the plots of 
 as related to ݇(W/m.K) considering a ܴܧ
temperature of the range 10 °C to 20 °C. 

 

 
Figure 5. Significant negative correlation between ࢑ of soil sample and ࡾࡱ. 
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Few studies have done for the direct correlation 
analysis between thermal conductivity and 
electrical conductivity of soil. Due to the 
difficulties of a direct relation, Schwarz and 
Bertermann [59] have investigated modular 
approach on mediate relationship between thermal 
conductivity and electrical resistivity. They 
considered sandy, silt loam, and clayey soil types 
where thermal conductivity, electrical resistivity, 
bulk density and ܿݓ are determined after each 
configuration. The authors declare that although 
there is no direct relationship between thermal 
conductivity and electrical resistivity yet their 
mediate correlation can be useful for ER 
measurements to verify shallow geothermal 
system.  

3.3. Effect of bulk density (ૉ܊) of soil  
Bulk density increases with the amount of soil 

compaction, which in turn reduces the volume of 

larger pores and thereby affects the physical 
properties [60; 61; 62]. Figure 6 (Abidin et al. [63]) 
shows the correlations between ܴܧ and two types 
of soil conditions namely-silty sand and clayey 
soil. They performed a laboratory analysis on 
disturbed soil samples under control environment 
(with known temperature and humidity) with the 
aim to reduce ambiguities (or black box) to 
determine the relationship between electrical 
resistivity and physical properties of the soil. The 
authors give special reference to density, moisture 
content, and soil grain size. They concluded that 
the relationship between electrical resistivity and 
 ௕ followed a curvilinear trend, and suggested thatߩ
with the higher ߩ௕ value, there is decrement of 
electrical resistivity. The derived mathematical 
relationship for the ߩ௕ value is summarized in 
Table 2.  

 
Figure 6. Correlation between bulk density (࢈࣋) and ࡾࡱ for silty sand and clayey silt. 

Roodposhti et al. [64] conducted a laboratory 
electrical resistivity test on soils with different 
compaction and water content. The authors declare 
that with the increase in density the electrical 
resistivity significantly decreases, and typically for 
gravimetric ܿݓ with a value less than 0.25. 
Overall, in the field, compaction assessment is still 
a matter of considerable debate as it depends on 
complex factors.  

3.4. Effect of Atterberg’s limit 
The Atterberg’s limit describes the critical water 

content of the soils, which includes shrinkage limit, 
plastic limit, and liquid limit. Accordingly, a soil 
may appear in four states namely solid, semi-solid, 
plastic, and liquid. Geotechnical investigations 
consider field tests and laboratory tests (e.g. 

Atterberg’s limit, specific gravity, moisture 
content, permeability, particle size analysis, etc.). 
An inverse relationship is obtained between 
apparent resistivity and Atterberg’s limit [54; 56]. 
They conclude that a very weak relationship is 
established between electrical resistivity and 
plastic limit, plasticity index, shrinkage limit, and 
liquid limit. The empirical relations between 
apparent resistivity and Atterberg’s limit and other 
geotechnical parameters are presented in Table 2. 
Strong correlation between ܴܧ and Atterberg’s 
limit has been obtained by Naseem et al. [65]. 
Previous studies of Giao et al. [66]; Long et al. [67], 
and Siddiqui and Osman [51] also claimed to 
obtained a weak correlation between apparent 
resistivity and plasticity index. 
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3.5. Effect of standard penetration test (SPT) 
value  

The standard penetration test is one of the most 
popular techniques designed to provide 
information on geotechnical properties of soil. The 
termed is coined by Karl Terzaghi in 1947 where 
the actual partial assemblage is already in use in 
late 1920s by Gow Division of Raymond Concrete 
Pile Company under the Direction of Harry Mohr. 
The electrical resistivity value increases with the 
increase in SPT-N values [68; 69; 7; 70; 24], where 

ܰ represents standard blow counts. Rezaei et al. 
[56] made a case study at Nargeschal Landslide 
zone and obtained an empirical relation between N 
values of SPT and the resistivity, as reflected in 
Table 2. The authors concluded that electrical 
resistivity increased with the increase in the SPT-N 
values. Figure 7 shows the trend obtained among 
 ܴܧ and values of SPT. It is experienced that ܴܧ
almost linearly increases with the increase in SPT-
values. 

 

 
Figure 7. Correlation between SPT-value and ࡾࡱ.  

3.6. Effect of aquifer hydraulics parameters  
The interrelationships between aquifer parameter 

that is hydraulic conductivity (݇௘) and 
Transmissivity ( ௘ܶ) as related to ܴܧ can be 
expressed from two well-known fundamental laws 
–Darcy’s law and Ohm’s law. Darcy’s law 
designates the concept of fluid flow [71], defined 
mathematically as: 

ܳ = ݇௘݅(6) ܣ 

Here, ܳ is the discharge (݉ଷ ⁄ݏ ), and ݅ the 
hydraulic gradient. Ohm’s law, on the other hand, 
designates the concept of current flow, and the 
differentiated form of Ohm’s law can be written 
[71] as: 

ߪ =  (7) ܧ/ܬ

Here, ߪ denotes the electrical conductivity 
representing the inverse of ܴܧ (i.e. ߪ = 1 ⁄ܴܧ ) for 
homogenous and isotropic medium, ܧ is the 
applied electric field, and ܬ is the current 
density (ܣ ݉ଶ⁄ ). Now considering a prism with 
unit cross-sectional area, ௘ܶ can be expressed in 

terms of transverse resistance (ܴܶ) and 
longitudinal conductance (ܮ௖) [72] as: 

௘ܶ = ݇௘(8) ܴܶߪ 

and  

௘ܶ = (݇௘ ⁄ߪ ௖ܮ(  (9) 

Here, the parameters ܴܶ and ܮ௖ are also known 
as Dar Zarrouk parameters [73; 74]. 

Batte et al. [75] investigated aquifer parameters 
with ܴܧ at Basement Complex of Nakasongola 
District, central Uganda. A correlation between ܴܶ 
with  ௘ܶ has been established [76; 77]. The 
extrapolation of  ݇௘ and ௘ܶ has been done with the 
use of surface resistivity, which provides the 
estimated empirical relation as shown in Table 3. 
Halihan et al. [78] applied the technique of 
electrical resistivity to analyse the temporal 
distribution of potassium permanganate. The 
authors validated that electrical resistivity 
technique provide a quantitative assessment of ݇௘ 
and enable to track the initial direction of inject 
movement. Similarly, Singh and Singh [79] 
examined ݇ ௘ and ܶ ௘ at coastal aquifers of Tuticorin, 
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Tamil Nadu. The authors divide the area into three 
major geological formations (Archean, Tertiary, 
and coastal sediments). Available VES data is then 
interpreted to determined true resistivity and 
thickness of the aquifer. The authors also estimated 
the empirical relationship of aquifer parameters 
and ܴܧ (shown in Table 3). Aleke et al. [80] 
estimated the formation factor (ܨ), ݇௘ , and ௘ܶ. 
They estimated the empirical relations between ܴܧ 
and hydraulic parameters (Table 3). The authors 
conclude that both aquifer thickness and resistivity 
delineated from resistivity data are used to 
estimate ܨ, ݇௘ , and ௘ܶ whereby porosity (݊) and 
tortuosity are estimated. An integrated ERT 
technique is adopted by Hasan et al. [81] to 
investigate the geological formation and 

groundwater potential in hard rock weathered 
areas. The authors suggested that low ܴܧ value in 
2D ERT model along each profile provide evince 
saturated fractures/faults zones that point to 
presence of groundwater. According to the Singh 
[82] research work, the permeability of hard rock 
and alluvium aquifers systems varies exponentially 
with resistivity.  

Figure 8 shows the obtained correlations of 
hydraulic conductivity (݇௘) as related to ܴܧ by 
several authors. The plot shows left skewed 
towards left top indicating diminishing effect of ܴܧ 
with increased in ݇௘. Figure 9 shows the plots 
between ௘ܶ and ܴܶ, indicating positive correlations 
between the two parameters. 

 

 
Figure 8. Correlation between hydraulic conductivity (ࢋ࢑) and ࡾࡱ.  

 
Figure 9. Correlation between transmissivity (ࢋࢀ) and ࡾࢀ.  
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4. Discussions  
Several important soil parameters and aquifer 

hydraulic parameters correlating ܴܧ for different 
formations are summarized in Table 2 and 3. The 
correlation outlined in Tables 2 and 3 provides 
close agreement among the authors to a certain 

degree; however, due to site specific, the results 
rather vary from regions to regions depending upon 
the soil conditions. In addition, these correlations 
may be applicable to an extent where data is 
limited. Nevertheless, it is suggested to verify the 
acceptability of these correlations through further 
experimental and theoretical studies. 

Table 2. Correlation of various sub-surface parameters and electrical resistivity. 
Parameters Correlation with ࡾࡱ Soil type ࡾ૛ Reference 

 ࢉ࢝

ܿݓ =  ଶ +b -  [43]ܴܧ/ܽ 

ܴܧ = ଶ.ସସସିܿݓ1.187   
Fine grained soil, unsaturated sandy soil with 

gravels and top Oolitic limestone - [22] 

ܿݓ =  49.21݁ି଴.଴ଵ଻ாோ Sandy soil 0.7859 [28] 
ܿݓ =  ଴.ଶ଺ଷ Silty-sand and sandy soil 0.5625 [51]ିܴܧ0.9756
ܴܧ =  ଵ.ଶ଼ Zn-contaminated soil 0.993ିܿݓ 4.72

ܴܧ [52] =  ଵ.ଷ଴ Cd-contaminated soil 0.999ିܿݓ 5.23
ܴܧ =  ଵ.ସଷ Pb-contaminated soil 0.999ିܿݓ 4.31
ܿݓ = ܴܧ0.155−  + 64.77 - 0.863 [49] 
ܿݓ =  1.46݁ି଴.଴଴ଷ଼଺ହாோ  coarse-grained, clayey, sand & soil 0.934 [53] 
ܴܧ =  ଵ.ସଽ଺ - 0.68 [56]ିܿݓ 2028.2 

 ࢑
݇ = (ܴܧ)0.7755݈݊− + 4.3301 clay, silt, & sand 0.7724 [48] 
݇ =  1.97−  Silty-Clay 0.89 [58] ܴܧ0.0088

 ࢶ
ߔ =  39.187 + 0.001ƿ−  [51] 0.45 - ܿݓ 61.336
ߔ = ܴܧ0.0985  + 0.973 - 0.964 [65] 

۱ 

ܥ = 18.986 − ܴܧ0.005 +  [51] 0.11 - ܿݓ14.625
ܥ =  36.569 −  [65] 0.964 - ܴܧ0.1052

ܥ =  
ܴܧ

ଶܿݓ0.6898−) + ܿݓ11.24 − 47.52)− 

+ ଷܿݓ2.425−) ଶܿݓ128.3 − ܿݓ1610   + 6189        
ଶܿݓ0.6898−) + ܿݓ11.24 − 47.52)  

- - [64] 

SPT-N value 

ܰ = ൬
ܴܧ

3862.72
൰
ିଵ.ଷଷ

 Rio Claro Formation ܴ = 0.30 
[21] 

ܰ = ൬
ܴܧ

6839.72
൰
ି଴.଻଴

 Corumbatai Formation ܴ = 0.70 

ܴܧ =  15.653 ݁଴.଴ଷସே  - 0.70 [56] 
ܴܧ ࡷ =  ଴.଴ସ଻ - 0.87 [56]ିܭ 14.104 
ܴܧ ࢙ࡳ =  ௦ଵଷ.଻ଵ଼ - 0.16 [56]ܩ 0.00006

Atterberg’s 
Limit 

ܴܧ =  ଴.ହଶ଻ - 0.06ܮܮ253.73
ܴܧ [56] =  ଴.ଶଽଶ - 0.06ିܮܲ 100.46

ܴܧ =  ଴.ସ଼଺ହ - 0.05ܫܲ 13.15
= ܮܮ ܴܧ0.0325− + 50.57  [For H=0.71] - 0.52 

[54] 
ܮܲ = ܴܧ0.018−  + 35.21   [For H=0.38] - 0.34 
= ܫܲ ܴܧ0.015−  + 15.38 [For H=0.63] - 0.44 
= ܵܮ + ܴܧ0.01−  9.46   [For H=0.80] - 0.73 

ܴܧ ࢽ = 7.1182 ݁଴.଼ସସ଼ ఊ - 0.09 [56] 
௖ܯ ࢉࡹ = ܴܧ0.155−  + 64.77 - 0.863 [49] 
qୠୡ     ܋܊ܙ = 48.44 e଴.଴଴଼ଷ୉ୖ - 0.903 [65] 
݁ ݁ = ܴܧ0.042−  + 63.54 - 0.900 [53] 
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Table 3. Correlation of important hydraulic parameters and electrical resistivity. 
Parameters Correlation with ࡾࡱ Soil type ࡾ૛ Reference 

 ࢋ࢑

(௘ܭ)݃݋ܮ = ௔ߩ0.002− + 2.692 - 0.614 [75] 

௘ܭ =  ,Composite soil-(medium to Coarse-grained sand ܴܧ 0.3712
coarse- grained sand with gravel) - [77] 

௘ܭ = ܴܧ0.022− + 7.640 Volcanic and Magmatic/granite bedrock with 
composites weathered layers. 0.96 [81] 

݇௘ = ܧ5  − 8݁଴.଴଴ସହாோ  Weathered rock aquifers 
- [82] 

 ݇௘ =  1945.6 ݁ି଴.଴଴ହହாோ Intact aquifers 

 ࢋࢀ

ܴܶ = −0.07 ௘ܶ + 2260 - 0.609 [75] 
ܴܶ = 2.1 ௘ܶ +  768.7 Unconfined alluvial aquifer 0.82 [76] 

௘ܶ =  0.3079 ܴܶ + 299.81 Composite soil-(medium to Coarse-grained sand, 
coarse- grained sand with gravel) - [77] 

 ௘ܶ = −0.115ܴܶ + 415.8 
Volcanic and Magmatic/granite bedrock with 
composites weathered layers. 0.915 [81] 

ܴܧ ࡲ = ܨ279.05  − 133.67 Sandstone 0.81 [80] 
 
5. Conclusions 

From this study, it can be inferred that several 
studies have been conducted to examine the impact 
of various sub-surface soil parameters and their 
relationship to geo-electric conductivity.  

It is observed that there is an inverse correlation 
between ER and ܿݓ, and is prominent in sandy 
soils. The aquifer hydraulic parameters ݇௘ and ௘ܶ 
are well-correlated with ܴܧ for different soil 
formations (clay, silt, and sand, silty-clay). 
Although ER nearly increases linearly with the 
increase in SPT-values, other geotechnical 
engineering properties such as plastic limit, 
plasticity index, shrinkage limit and liquid limit 
showed almost nil or low correlations. 

Overall, the in-situ tests and other conventional 
procedures, which are typically expensive and 
time-consuming, are somewhat overcome by the 
use of electrical resistivity methodology. This 
technique incapacitates laboratory analysis of soil 
samples to a degree where soils samples are barely 
an undisturbed. In contrast, precise interpretations 
of the observations demand subject-matter 
expertise and adequate equipment handling to 
ensure maximal performance. It is noted that the 
employment of electrical resistivity technique has 
demonstrated its wide range of applications in 
numerous fields including environmental 
engineering, hydrogeology, and the investigation 
of minerals and archaeology. 

Acknowledgments  

The authors wish to acknowledge Central 
Ground Water Board (CGWB), NHR, 
Dharamshala, Himachal Pradesh for making the 
data available. We are also thankful to the 
Department of Civil Engineering, National institute 

of Technology, Hamirpur for providing research 
facilities. 

References 
[1]. Bilgin, Ö., Arens, K., and Dettloff, A. (2019). 
Assessment of variability in soil properties from various 
field and laboratory tests. Georisk: Assessment and 
Management of Risk for Engineered Systems and 
Geohazards. 13(4): 247-254.  

[2]. Anbazhagan, P. (2018). Subsurface investigation—
integrated and modern approach. In: Geotechnics for 
Natural and Engineered Sustainable Technologies, 
Springer, Singapore, pp. 245-257.   

[3]. Gansonré, Y., Breul, P., Bacconnet, C., Benz, M., 
and Gourvès, R. (2022) Prediction of in-situ dry unit 
weight considering chamber boundary effects on 
lateritic soils using Panda® penetrometer. International 
Journal of Geotechnical Engineering. 16 (4): 408-414. 

[4]. Siddiqui, F.I. and Osman S.B.A.B.S. (2012a). 
Simple and multiple regression models for relationship 
between electrical resistivity and various soil properties 
for soil characterization. Environmental earth sciences. 
70 (1): 259–267.  

[5]. Samouëlian, A., Cousin, I., Tabbagh, A., Bruand, 
A., and Richard, G. (2005). Electrical resistivity survey 
in soil science: a review. Soil & Tillage Research. 83: 
173-193. 

[6]. Chambers, J.C., Kuras, O., Meldrum, P.I., Ogilvy, 
R.D., and Hollands, J. (2006). Electrical resistivity 
tomography applied to geologic, hydrogeologic, and 
engineering investigations at a former waste-disposal 
site. Geophysics. 71 (6): 231–239.  

[7]. Sudha, K., Israil, M., Mittal, S., and Rai, J. (2009). 
Soil characterization using electrical resistivity 
tomography and geotechnical investigations. Journal of 
Applied Geophysics. 67 (1): 74–79.  

[8]. Hasan, M., Shang, Y., Meng, H., Shao, P., and Yi, 



Singh et al. Journal of Mining & Environment (JME), Vol. 14, No. 1, 2023 

 

109 

X. (2021). Application of electrical resistivity 
tomography (ERT) for rock mass quality evaluation. 
Scientific Reports 11 (1), 23683.  

[9]. Hoorde, M.V., Hermans, T., Dumont, G., and 
Nguyen, F. (2017). 3D electrical resistivity tomography 
of karstified formations using crossline measurements. 
Engineering geology. 220: 123–32.  

[10]. Bauman, P. (2005). 2-D resistivity surveying for 
hydrocarbons—a primer. CSEG Recorder, April, 25–33.  

[11]. Legault, J. M., Carriere, D., and Petrie, L. (2008). 
Synthetic model testing and distributed acquisition dc 
resistivity results over an unconformity uranium target 
from the Athabasca Basin, northern Saskatchewan. The 
Leading Edge. 27: 46–51.   

[12]. Ejepu, J.S., Unuevho, C.I., Ako, Z.A., and 
Abdullahi (2018). Integrated geosciences prospecting 
for gold mineralization in Kwakuti, North-Central 
Nigeria. Journal of Geology and Mining Research. 10 
(7): 81-94.  

[13]. Hargrave, M.L., Somers, L.E., and Larson, T.K. 
(2002). The role of resistivity survey in historic site 
assessment and management: An example from Fort 
Riley, Kansas. Historical Archaeology. 36 (4): 89–110.  

[14]. Tsokas, G.N., Tsourlos, P.I., Vargemezis, G., and 
Novack, M. (2008). Non-destructive electrical 
resistivity tomography for indoor investigation: the case 
of Kapnikarea church in Athens. Archaeological 
Prospection. 15: 47–61.   

[15]. Piroddi, L., Calcina, S.V., Trogu, A., and Ranieri, 
G. (2020) Automated Resistivity Profiling (ARP) to 
Explore Wide Archaeological Areas: The Prehistoric 
Site of Mont'e Prama, Sardinia, Italy. Remote Sensing. 
12 (461): 1-22.  

[16]. Wilson, S.R., Ingham, M., and McConchie, J.A. 
(2006). The applicability of earth resistivity methods for 
saline interface definition. Journal of Hydrology. 316: 
301–312. 

[17] Galazoulas, E.C., Mertzanides, Y.C., Petalas, C.P., 
and Kargiotis, E.K. (2015). Large Scale Electrical 
Resistivity Tomography Survey Correlated to 
Hydrogeological Data for Mapping Groundwater 
Salinization: A Case Study from a Multilayered Coastal 
Aquifer in Rhodope, Northeastern Greece. 
Environmental processes. 2 (1): 19–35.  

[18]. Oguama, B.E., Ibuot, J.C., and Obiora, D.N. 
(2020). Geohydraulic study of aquifer characteristics in 
parts of Enugu North Local Government Area of Enugu 
State using electrical resistivity soundings. Applied 
Water Science. 10 (5): 120.  

[19]. Tabbagh, A., Dabas, M., Hesse, A. and Panissod 
C. (2000). Soil resistivity: a non-invasive tool to map 
soil structure horizonation. Geoderma. 97: 393–404.  

[20]. Rucker, D., Loke, M.H., Levitt, M.T., and Noonan, 
G.E. (2010). Electrical resistivity characterization of an 

industrial site using long electrodes. Geophysics. 75 (4): 
95–104.  

[21]. Braga, A.C.O., Malagutti, F.W., Dourado, J.C., 
and Chang, H.K. (1999). Correlation of Electrical 
Resistivity and Induced Polarization Data with 
Geotechnical Survey Standard Penetration Test 
Measurements. Journal of Environmental and 
Engineering Geophysics. 4 (2): 123-130.  

[22]. Cosenza, P., Marmet, E., Rejiba, F., Cui, Y.J., 
Tabbagh, A., and Charlery, Y. (2006). Correlations 
between geotechnical and electrical data: A case study 
at Garchy in France. Journal of Applied Geophysics. 60: 
165–178.  

[23]. Anita, B.J. and Kondracka, M. (2016). Combining 
geomorphological mapping and near surface geophysics 
(GPR and ERT) to study piping systems. 
Geomorphology. 274: 193-209.  

[24]. Devi, A., Israil, M., Anbalagan, R., and Gupta, 
P.K. (2017). Subsurface soil characterization using 
geoelectrical and geotechnical investigations at a bridge 
site in Uttarakhand Himalayan region. Journal of 
Applied Geophysics. 144: 78-85.  

[25]. Horo, D., Pal, S.K., Singh, S., and Srivastava, S. 
(2020). Combined self-potential, electrical resistivity 
tomography and induced polarisation for mapping of 
gold prospective zones over a part of Babaikundi-
Birgaon Axis, North Singhbhum Mobile Belt, India. 
Journal of Exploration Geophysics. 51 (5): 507-522.  

[26]. McCarter, W.J. (1984). The Electrical Resistivity 
Characteristics of Compacted Clays. Geotechnique. 34 
(2): 263-267.  

[27]. McCarter, W.J. and Desmazes, P. (1997). Soil 
Characterization using Electrical Measurements. 
Geotechnique. 47 (1): 179-183. 

[28]. Ozcep, F., Yildirim, E., Tezel, O., Asci, M., and 
Karabulut, S. (2010). Correlation between electrical 
resistivity and soil-water content based artificial 
intelligent techniques. International Journal of Physical 
Sciences. 5: 047-056.  

[29]. Parashar, V. and Mishra, B. (2021). Designing 
efficient soil resistivity measurement technique for 
agricultural wireless sensor network. International 
Journal of Communication Systems. 34 (8), e4785.  

[30]. Gonçalves, J.T.D., Botelho, M.A.B., Machado, 
S.L., and Guireli Netto L. (2021). Correlation between 
field electrical resistivity and geotechnical SPT blow 
counts at tropical soils in Brazil. Environmental 
Challenges. 5, 100220.  

[31]. Telford, E., Geldart, W. M., and Sheriff, R. E. 
(1990). Applied Geophysics. Cambridge University 
Press, UK.  

[32]. Reynolds, J. (1997). An Introduction to Applied 
and Environmental Geophysics. Wiley, New York, 796 
P. 



Singh et al. Journal of Mining & Environment (JME), Vol. 14, No. 1, 2023 

 

110 

[33]. Vasantrao, B.M., Bhaskarrao, P. J., Mukund, B. A., 
Baburao, G. R., and Narayan, P. S. (2017). Comparative 
study of Wenner and Schlumberger electrical resistivity 
method for groundwater investigation: a case study from 
Dhule district (M.S.), India. Applied Water Science. 7: 
4321–4340.  

[34]. Pekeris, C.L. (1940). Direct Method of 
Interpretation in Resistivity Prospecting. Geophysics. 5 
(1): 31-42.  

[35]. Koefoed, (1965). Direct methods of interpreting 
resistivity observations. 13 (4): 568–591.  

[36]. Loke, M.H. (2011). Electrical Resistivity Surveys 
and Data Interpretation. In: Gupta H.K. (eds) 
Encyclopedia of Solid Earth Geophysics. Encyclopedia 
of Earth Sciences Series. Springer, Dordrecht.  

[37]. Compagnie Generate de Geophysique (1963). 
Master curves for electrical sounding [2d rev. ed.]: The 
Hague, European Assoc. Explor. Geophysicists.  

[38]. Orellana, E. and Mooney, H.M. (1966). Master 
Tables and Curves for Vertical Electrical Sounding over 
Layered Structures. Inerciencia Costanilla de Los 
Angeles, Los Angeles, 125 P.  

[39]. Rijkswaterstaat (1969). Standard graphs for 
resistivity prospecting: The Hague, European Assoc. 
Explor. Geophysicists, The Hague.  

[40]. Flathe, H. (2006). Five-layer master curves for the 
hydrogeological interpretation of geoelectric resistivity 
measurements above a two-storey aquifer. Geophysical 
Prospecting. 11 (4): 471-508.  

[41]. Sankar Narayan, P.V. and Ramanujachar, K. R. 
(1967) Short note-an inverse slope method of 
determining absolute resistivities. Geophysics. 32: 6-15.  

[42]. Baig, M.Y.A. (1980). Direct slope technique of 
determining absolute resistivity. Journal of Civil Engg 
Div Institution of Engineers (India). 61: 55-60.  

[43]. Davidov, G. K. (1936). Determination of soil salt 
content with electrical conductivity. (In Russian). In: 
Physics of soils. Selhozizdat. Moscow. 

[44]. Yoon, G.L. and Park, J. B. (2001) Sensitivity of 
leachate and fine contents on electrical resistivity 
variations of sandy soils. Journal of Hazardous 
Materials. 84: 147–161.  

[45]. Schwartz, B.F., Schreiber, M.E., and Yan, T. 
(2008). Quantifying field-scale soil moisture using 
electrical resistivity imaging. Journal of Hydrology. 
362: 234-246.  

[46]. Son, Y., Oh, M., and Lee, S. (2010). Estimation of 
soil weathering degree using electrical resistivity. 
Environmental Earth Sciences. 59 (6): 1319–1326.  

[47]. Nouveau, M., Grandjean, G., Leroy, P., Philippe, 
M., Hedri, E., and Boukcim, H. (2016). Electrical and 
thermal behavior of unsaturated soils: experimental 
results. Journal of Applied Geophysics. 128: 115-122.  

[48]. Wang, J., Zhang, X., and Du, L. (2017). A 
laboratory study of the correlation between the thermal 
conductivity and electrical resistivity of soil. Journal of 
Applied Geophysics. 145: 12–16.  

[49]. Sai, V.V., Hemalatha, T., and Ramesh, M.V. 
(2017). An affordable non-destructive method for 
monitoring soil parameters in large scale using electrical 
resistivity technique, International Conference on 
Wireless Communications, Signal Processing and 
Networking (WiSPNET), March, 755-761.   

[50]. Tang, L., Wang, K., Jin, L., Yang, G., Jia, H., and 
Taoum, A. (2018). A resistivity model for testing 
unfrozen water content of frozen soil. Cold Regions 
Science and Technology. 153: 55-63.  

[51]. Siddiqui, F.I. and Osman, S.B.A.B.S. (2012b). 
Integrating Geo-Electrical and Geotechnical Data for 
Soil Characterization. International Journal of Applied 
Physics and Mathematics. 2 (2): 104–106.  

[52]. Mathematics. 2(2): 104–106. [52]. Chu, Y., Liu, S., 
Wang, F., Cai, G., and Bian, H. (2017). Estimation of 
heavy metal-contaminated soils mechanical 
characteristics using electrical resistivity. 
Environmental Science and Pollution Research. 24(15): 
13561–13575.  

[53]. Bery, A.A. and Ismail, N.E.I.H. (2017). Empirical 
correlation between electrical resistivity and 
engineering properties of soils. Soil Mechanics and 
Foundation Engineering. 54 (6): 425–429. 

[54]. Akintorinwa, O.J. and Oluwole, S.T. (2018). 
Empirical relationship between electrical resistivity and 
geotechnical parameters: A case study of Federal 
University of Technology campus, Akure, SW, Nigeria. 
NRIAG Journal of Astronomy and Geophysics. 7: 123-
133.  

[55]. Pandey, L.M.S., Shukla, S.K., and Habibi, D. 
(2015). Electrical resistivity of sandy soil. Géotechnique 
Letters. 5: 178-185.  

[56]. Rezaei, S., Shooshpasha, I., and Rezaei, H. (2018). 
Empirical Correlation between Geotechnical and 
Geophysical Parameters in a Landslide Zone. Earth 
Sciences Research Journal. 22 (3): 195-204.  

[57]. Sun, Q and Lü, C. (2019). Semiempirical 
correlation between thermal conductivity and electrical 
resistivity for silt and silty clay soils. Geophysics. 84 (3): 
99-105. 

[58]. Sun, Q., Lyu, C. and Zhang, W. (2020) The 
relationship between thermal conductivity and electrical 
resistivity of silty clay soil in the temperature range- 20 
C to 10 C. Heat and mass transfer. 56: 2007-2013.   

[59]. Schwarz, H. and Bertermann, D. (2020) Mediate 
relation between electrical and thermal conductivity of 
soil. Geomechanics and Geophysics for Geo-Energy and 
Geo-Resources. 6 (3): 1-16.  



Singh et al. Journal of Mining & Environment (JME), Vol. 14, No. 1, 2023 

 

111 

[60]. Richard, G., Cousin, I., Sillon, J.F., Bruand, A., 
and Gu'erif, J. (2001). Effect of compaction on the 
porosity of a silty soil: influence on unsaturated 
hydraulic properties. European Journal of Soil Science. 
52 (1): 49–58. 

[61]. Pereira, J. O., Defossez, P., and Richard, G. (2007). 
Soil susceptibility to compaction as a function of some 
properties of a silty soil as affected by tillage system. 
European Journal of Soil Science. 58 (1): 34–44.  

[62]. Seladji, S., Cosenza, P., Tabbagh, A., Rangerd, J., 
and Richard, G. (2010). The effect of compaction on soil 
electrical resistivity: a laboratory investigation. 
European journal of soil science. 61 (6): 1043–1055. 

[63]. Abidin, M.H.Z., Saad, R., Wijeyesekera, D.C., 
Ahmad, F., Baharuddin, M.F.T., Tajudin, S.A.A., and 
Madun, A. (2017). The Influences of Basic Physical 
Properties of Clayey Silt and Silty Sand on Its 
Laboratory Electrical Resistivity Value in Loose and 
Dense Conditions. Sains Malaysiana. 46: 1959–1969.  

[64]. Roodposhti, H.R., Hafizi, M.K., Kermani, M.R.S., 
and Nik, M.R.G. (2019). Electrical resistivity method 
for water content and compaction evaluation, a 
laboratory test on construction material. Journal of 
Applied Geophysics. 168: 49–58.  

[65]. Naseem, A., Jalal, F.E., Backer, H.D., Schotte, K., 
and Kashif, M. (2018). Correlation of Electrical 
Resistivity Test with the Geotechnical Parameters of 
Sandy Soil, Conference of the Arabian Journal of 
Geosciences, Springer, Cham, November, 191-193.   

[66]. Giao, P.H., Chung, S.G., Kim, D.Y., and Tanaka, 
H. (2003). Electric imaging and laboratory resistivity 
testing for geotechnical investigation of Pusan clay 
deposits. Journal of Applied Geophysics. 52 (4): 157-
175.  

[67]. Long, M., Donohue, S., L’Heureux, J.S., Solberg, 
I.L., Rønning, J.S., Limacher, R., O'Connor, P., Sauvin, 
G., Romoen, M., and Lecomte, I. (2012). Relationship 
between electrical resistivity and basic geotechnical 
parameters for marine clays. Canadian Geotechnical 
Journal. 49 (10): 58-1168.  

[68]. Oh, S. and Sun, C.G. (2008). Combined analysis 
of electrical resistivity and geotechnical SPT blow 
counts for the safety assessment of fill dam. 
Environmental Geology. 54: 31-42.  

[69]. Liu, S.Y., Du, Y. J., Han, L.H., and Gu, M. F. 
(2008). Experimental study on the electrical resistivity 
of soil–cement admixtures. Environmental Geology. 54: 
1227-1233.  

[70]. Hatta, K.A. and Syed Osman, S.B.A. (2015). 
Correlation of electrical resistivity and SPT-N value 
from standard penetration test (SPT) of sandy soil. 
Applied Mechanics and Materials. 785: 702–706.  

[71]. Nath, S.K., Patra, H.P., and Shahid, S. (2000). 
Geophysical prospecting for ground water. Oxford and 
IBH Publishing, New Delhi 

[72]. Patra, H.P. and Nath, S.K. (1999). Schlumberger 
geoelectric sounding in ground water. Principles, 
interpretation and applications. Balkema Publishers, 
Rotterdam, p 153. 

[73]. Zohdy A.A. (1974). Use of Dar Zarrouk curves in 
the interpretation of vertical electrical sounding 
data (No. 1313-D). US Govt. Print. Off. 

[74]. Zohdy A.A. (1975). Automatic interpretation of 
Schlumberger sounding curves, using modified Dar 
Zarrouk functions (No. 1313-E). US Govt. Print. Off.  

[75]. Batte, A.G., Barifaijo, E., Kiberu, J.M., Kawule, 
W., Muwanga, A., Owor, M., and Kisekulo, J. (2010). 
Correlation of Geoelectric Data with Aquifer 
Parameters to Delineate the Groundwater Potential of 
Hard rock Terrain in Central Uganda. Pure and applied 
geophysics. 167 (12): 1549–1559.  

[76]. Tizro, A.T., Voudouris, K.S., Salehzade, M., and 
Mashayekhi. H. (2010). Hydrogeological framework 
and estimation of aquifer hydraulic parameters using 
geoelectrical data: a case study from West Iran. 
Hydrogeology Journal. 18: 917–929.  

[77]. Sattar, G.S., Keramat, M., and Shahid, S. (2016). 
Deciphering transmissivity and hydraulic conductivity 
of the aquifer by vertical electrical sounding (VES) 
experiments in Northwest Bangladesh. Applied Water 
Science. 6 (1): 35–45. 

[78]. Halihan, T., Albano, J., Comfort, S.D. and Zlotnik, 
V.A. (2011). Electrical Resistivity Imaging of a 
Permanganate Injection During in Situ Treatment of 
RDX-Contaminated Groundwater. Ground Water 
Monitoring & Remediation. 32 (1): 43–52.  

[79]. Singh, S. and Singh, V.S. (2016). Estimation of 
Hydraulic Characteristics from Electrical Resistivity 
Data in Coastal Aquifers of Southern India. Journal 
Geological Society of India. 88 (1): 77-86.  

[80]. Aleke, C.G., Ibuot, J.C., and Obiora, D.N. (2018). 
Application of electrical resistivity method in estimating 
geohydraulic properties of a sandy hydrolithofacies: a 
case study of Ajali Sandstone in Ninth Mile, Enugu 
State, Nigeria. Arabian Journal of Geosciences. 11, 322. 

[81]. Hasan, M., Jun, S.Y., Jun, J.W., and Akhter, G. 
(2019). Investigation of fractured rock aquifer in South 
China using electrical resistivity tomography and self-
potential methods. Journal of Mountain Science. 16 (4): 
850-869.  

[82]. Singh, K.P. (2005). Nonlinear estimation of 
aquifer parameters from surficial resistivity 
measurements. Hydrology and Earth System Sciences 
Discussions. 2 (3): 917–938.   

 



  1401ردم، شماره اول، سال ، دوره چهازیستپژوهشی معدن و محیط -نشریه علمی  و همکاران نگیس
  

 

  

  یکیخاك و مقاومت الکتر یکیمکان دروترمویه يپارامترها نیبر رابطه ب يمرور

  

  2پورایتر جوزف و 1شانکار یجیو ،*1نگیس سونو

  هند رپور،یحم يفناور یعمران موسسه مل یگروه مهندس. 1
  پاتنا، هند يفناور یعمران، موسسه مل ی. گروه مهندس2

  01/03/2023، پذیرش 19/12/2022ارسال 

  sonu@nith.ac.in* نویسنده مسئول مکاتبات: 

  

  چکیده:

انجام  یدر کار فعل یکیمقاومت الکتر کیتکن ياز کاربردها يانتقاد یابیخاك، ارز یرسطحیو ز یکیالکتر یکیزیژئوف-درویه يهایژگیو نیارتباط ب جادیبر ا دیبا تأک
است که به طور گسترده در  یکیزیروش ژئوف کی یکیمقاومت الکتر کردیمختلف، رو يهاهیدر لا یرسطحیمتنوع خاك ز يهایژگیو یی. به منظور شناساشودیم

-درویه يهایژگیدر مورد و یها، اطلاعاتخاك یرسطحیز یکیزیژئوف-درویه يهایژگیو یابیارز گر،ید ي. از سوردیگیمورد استفاده قرار م نیاشکال مختلف زم
 يبه اتفاق اطلاعات گردآور بیقر تی. اکثردهدیارائه م يالرزه يهاو داده ینیرزمیز يهاآب یانواع آبخوان، آلودگ يبنداز جمله طبقه یشناسنیو زم یکیژئولوژ

 را بهتر درك کنند. يسژئولوژ-درویمربوط به ه یاز مسائل اساس یکار ممکن است به محققان کمک کند تا برخ نیشده در ا

  .کیدرولیه يهایژگیها، خواص خاك، وی، همبستگERT نظرسنجی کلمات کلیدي:
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