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Abstract— Electrical Resistivity Method (ERM) is used to 

categorize the sub-surfaces of large areas to retrieve best 

optimal values in terms of high data coverage and more 

sustainability with less cost and time consumption. It can be 

applied in the application areas to explore more ground water 

coverage in depth.  In past, conservative methods such as 

excavation and test boring are used for the assessment of 

ground water exploration. In this paper assessment of 

application of ERM in groundwater exploration has been 

performed.  
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I. INTRODUCTION 

Recently, increased studies of properties of aquifers and 

geometry are the result of enhanced interest in underground 

sources. One of the extremely essential components of water 

resources is the groundwater. Groundwater is subsurface 

water which fills in fracture of formations of rocks and soil 

pore spaces [1]. It is regarded as another most important water 

supply for the human beings. However, the major difficulty 

that many engineers face is determining the correct location 

of groundwater in subsurface layer. Studying the earth by 

applying physics and taking measurement near the earth 

surface is termed as geophysical [2].. An important part of 

geophysical method is Electrical Resistivity Method (ERM) 

which is the initial step involving the exploration of 

groundwater. For determining the layered media’s thickness 

along with mapping the geological environment for existing 

aquifier, application of ERM is very essential which is being 

done for many years[3]. 

 ERM is widely applied for groundwater owing to its 

easy technique, effective and destruction-less implementation 

while producing the images of surface in contrast to the 

traditional methods [3]. Table 1 demonstrates the contrast 

between the traditional ways and ERM in the xploration of 

groundwater. Moreover, borehole data and image of profile 

produced from ERM can give correct information in relation 

to the groundwater and can also tell where underground 

layers are placed[4].     

 Survey of electrical resistivity on surface depends 

upon the rule of electrical potential distribution in the ground. 

It is distributed around an electrode carrying current 

depending upon distribution of nearby soils and rocks and 

also on electrical resistivity. Electrical Direct Current (DC) is 

usually applied between a couple of electrodes which are 

planted on the surface without carrying any current. 

Practically, potential electrodes remain in line between the 

electrodes carrying current but theoretically, these electrodes 

can be easily placed anywhere. Any kind of current can be 

used like commutated direct current, direct current or low 

frequency AC which can be of around 20Hz. Every 

interpretations and analysis is required to be done in 

accordance with direct current. Distributing potential is 

related to resistivity on ground and also on its distribution in 

some cases like ground which is horizontally stratified and 

also in another case of same masses which are segregated by 

any vertical planes. In different kinds of distribution of 

resistivity, qualitative comparison of noticed responses are 

interpreted with the help of ideal models or through empirical 

methods.  

 Mineral grains containing soils and rocks are mainly 

non-conductive, other than in few exotic materials like 

metallic ores[5]. Thus, resistivity of rocks and soils is 

determined mainly by the quantity of pore water, how 

resistive it is and also the manner in which pores are arranged. 

In soils which are coarse and granular, the groundwater 

surface is usually indicated by a sudden change in the 

saturation of water and finally by alteration of resistivity. In 

soils which are finely grained, resistivity change does not 

occur just like in piezometric surface. Also, there is no way 

in determining the type of soil or lithology. For extending 

field investigations into very restricted or negligible data, it is 

wise to use resistivity surveys [6].        

Conventional method ERM 

It Covers only boundary 

data. 

It covers more area data 

coverage. 

More time consuming. Less time consuming. 

It is dynamic in nature. It is static in nature. 

Cost is high Cost is less. 

Table 1: Comparison between conventional method and 

ERM in groundwater exploration. 

II. RESISTIVITY 

Electrical resistivity is an essential property which quantifies 

the strength with which a specific material works against the 

electric current’s flow. Reduced resistivity reflects a material 

which easily permits the electric current to flow. Resistivity 

is defined in this manner because with this, resistivity 

becomes an internal property. All the copper wires having 

any shape or size consist of common resistivity however, a 

thin and long wire of copper resists much more than sort and 

thick wire of copper. Every material contains its unique 

characteristic resistivity. For instance, rubber shows more 

resistivity as compared to copper[7]. A number of conductors 

and resistors contain a common cross section along with 

common electric current flow and they are manufactured by 

common material[8]. Thus, electrical resistivity ρ is defined 

as follows:  

 

A. Apparent Resistivity  

Apparent resistivity is a part of layered soil’s resistivity in 

which every layer possesses separate resistivity. When sandy 

soil’s layer from the surface of earth to as deep as 5 meters 

covers moist clay’s layer from 5 meters deep to 50 meters, 

then the resistivity which was at the surface will be measured 

between the resistivity of clay and sand.  
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B. Electrode Spreads  

The potential and current electrodes are usually placed in a 

linear array. When the current is inserted into the earth, the 

potential difference can be measured among the couple of 

potential electrodes. The four major electrodes spreads are as 

follows:  

C. Wenner Array  

In the Wenner configuration, the four electrodes namely, A, 

B, M and N are equally placed in a straight line where 

potential pairs of electrode and current have the same 

midpoint. The adjacent electrodes are placed equally so that 

𝑟𝐴𝑀 = 𝑟𝑁𝐵 = 𝑎 and𝑟𝑀𝐵 = 𝑟𝐴𝑁 = 2𝑎 in which A, B are the current 

electrode and M, N are the potential electrode. 

Apparent resistivity is given by:  

 
Where 𝜌𝑎= apparent resistivity  

V= Potential difference  

I= Current  

D. Schlumberger Array  

In Schlumberger configuration, the four electrodes are kept 

in a straight line in such a manner that AB ≥ 5 MN. The 

potential pairs of electrodes and current also have the same 

midpoint. However, the distance between the nearby 

electrodes change. Let the separations of potential electrodes 

and current be L (a+2b) and a, respectively.  

The apparent resistivity is given by:  

 

E. Pole-Dipole Array 

In the Pole-Dipole Array, the current electrodes’ 

configuration is kept at a huge distance from the location of 

measurement. Let the separation between the potential 

electrode is ‘a’ and also separation between current electrode 

and potential electrode 𝑟AM= b. Apparent resistivity is given 

by: 

 

 
Dipole-Dipole Array  

In the double-dipole configuration, the electrodes are placed 

in every pair as ‘a’ and on the other hand, the distance 

between their common point is ‘L’. This is usually bigger 

than ‘a’. The detection electrode N is described as that 

potential electrode which is nearer to current sink B.  

Thus, r AM = r BN = r AM = L +a, r BM = L.   

Apparent resistivity is denoted by:  

 

III. PROCEDURES OF RESISTIVITY FIELD 

There exist just a couple of typical procedures in the work of 

resistivity irrespective of particular electrode spread[9]. The 

specific procedure that should be used totally depends upon 

one’s interest in the variations of resistivity with lateral extent 

or with depth. The first procedure is known as vertical, 

electric or vertical-electric sounding and the second 

procedure is mapping or lateral profiling[10] 

A. Vertical Electrical Sounding 

Due to the flow of total current at depth changes with the 

separation of current electrode. The procedure of the field is 

to utilize a permanent centre along with the expanding spread. 

Despite the fact that pole-dipole array doesn’t suit to this very 

technique any configuration among the other three 

configurations can be utilized. The expanding spread easily 

detects the presence of gentle or horizontally dipping beds 

having varied resistivities. Thus, this way is helpful to 

identify how deep the overburden is, structure, depth and flat 

lying sedimentary beds’ resistivity and also of the basement 

provided it is not very deep. Even when the major interest 

exists in lateral exploration while establishing spacing of 

electrode, this procedure of expansion can be easily carried 

out in various locations in a particular area.    

B. Lateral Profiling  

Lateral profiling is majorly used in exploration of mineral in 

which the isolated bodies of different resistivity is needed to 

be detected. It can use any arrangement of electrode however, 

the selection is based on the situation of the field. The 

apparent resistivity is spotted at the common point of the 

potential electrodes as mentioned in the surveys of 

Poledipole, Wenner, and Schlumberger. The station is near 

the midpoint in the double-diapole. Where the potential 

electrodes are placed in a closed fashion, the potential 

gradient is effectively measured at the common point. 

Resistivity measurements’ lateral exploration is effectively 

suited in detecting gradually reducing contacts and also in 

contrasting resistivity[11].    

IV. FACTORS INFLUENCE ERM VALUE 

The basis of the electrical resistivity is the principle of testing 

earth material in a circuit. The capacity of a material to resist 

the current was measured after the electrical current is 

inserted in the ground. Various earth materials show traits of 

resistivity value because this is determined by the use of this 

application. The ground resistivity value is determined by 

several factors like that of void ratio, moisture content, 

density, porosity and size fraction. ERM identifies saturated 

clay of water which further detects zone of lower resistivity 

and also images alterations in clear resistivity with local 

depth. Electrical conductivity has correlation with subsurface 

materials’ water content as clearly highlighted by this 

application [12].   

 Therefore, the resistivity value would either change 

or remain constant in accordance with the content of water in 

the materials. Resistivity value is greatly influenced by the 

degree of fractures which are majorly consisted of 

groundwater. The more the fractures the less the resistivity 

value of rocklayer [13]. For example, granite’s resistivity 

changes within 5,000ohm-m for wet condition to 10,000 

ohm-m in dry condition. The value of resistivity of these 

rocks ranges from low to moderate. This is from few ohm-m 

to hundred ohm-m when saturated with water. Also, those 

soils that are over the water table are much dried. They have 

much bigger resistivity value ranges to several hundreds to 

thousands ohm-m. On the other hand, those soils which are 
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beneath the water table usually have resistivity value which 

is less than 100ohm-m. Many other factors like porosity, 

density, shape and pore size of the aquifer along with quality 

of water which is encountered in the aquifer and also of the 

subsurface environment’s temperature have huge influence 

on the resistivity value [14].   

V. CONCLUSION 

In this paper an attempt has been made to explore the 

application of ground water exploration with the help of 

resistivity techniques. ERM is widely applied for 

groundwater owing to its easy technique, effective and 

destruction-less implementation while producing the images 

of surface in contrast to the traditional methods. This paper 

explores Various ERM techniques and factors that influences 

ERM in detail.  
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