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ABSTRACT 

In recent years there has been considerable advancement in the scientific methods of groundwater investigations. Ground 

water is regarded more like a mineral resource and therefore prospecting for it involves use of geological and geophysical 

methods. Hence for locating and identifying presence of water bearing formations, applications of geophysical methods is widely 

recognized. The vertical electrical sounding with Schlumberger array as a low cost technique and veritable tool in groundwater 

exploration is more suitable for hydrological survey. This method is regularly used to solve wide variety of groundwater 

problems. 

 

INTRODUCTION 

Although various geophysical techniques are currently being applied to explore and assess water resources, the direct-current 

(DC) electrical resistivity method still proves the most powerful and cost-effective technique in groundwater studies (Jupp and 

Vozoff 1975; Koefoed 1979; Rubin and Hubbard 2005). This is due to the close relationship between the electrical conductivity 

and some hydrogeological properties of the aquifer. 

Number of researchers successfully used the electrical resistivity methods for groundwater prospecting in various terrains 

(Zohdy et al. 1974; Stewart et al., 1986; Prakash et al. 1993; Ballukraya, 2001; Ayolabi, 2005; Rai et al. 2005, Idornigie et al. 

2006; Shrivastava and Bhattacharya 2006; Das et al. 2007) and clearly bring out the relationship between electrical and hydraulic 

properties of the aquifer. Application of the geoelectrical method has led researchers to develop surface resistivity techniques for 

making quantitative estimates of the water transmitting properties of aquifers (Griffith 1976; Louis et al. 2004). The invest igation 

of the spatial distribution of aquifer properties from geophysical measurements has received great interest over the past two 

decades (e.g. Allen et al. 1997; Lesmes and Friedman 2005; Singh 2005; Shevnin et al. 2006; Ekwe et al. 2006; Soupios et al. 

2007 ). Rock resistivity depends on number of factors such as the amount of water present in fracture, weathering, porosity, 

fracturing and the degree of saturation (Yusuf et al. 2011).   

In some recent study geophysical approach has been used for artificial recharge of groundwater (Sundararajan et al., 2007, 

Sable et al., 2009, Arabi et al., 2010, Raimi et al., 2010; Raimi et al., 2011), for determination of zones with high potential (Nejad, 

2009, Ahilan and Kumar, 2011; George et al., 2011; Joshua et al., 2011), determination of boundary between saline and fresh 

water zones ( Sikandar et al., 2010; Hodlur et al., 2010; Adeoti et al., 2010), delineation groundwater contamination (Enikanselu, 

2008, Ugwu and Nwosu, 2009, Abdullahi et al., 2011),  groundwater exploration in hard rock (Yadav and Singh,2007, Armada et 

al.,2009, Nejad et al., 2011; Nwankwo, 2011; K’orowe et al., 2011;), determination of aquifer parameters (Singh K.P., 2005; 

Ekwe et al., 2006 , Soupios et al., 2007; Massoud et al., 2010; Tizro et al., 2010 and others) .  

 

LOCATION OF STUDY AREA 

Two types of  recharge structures i.e. percolation tanks and  kolhapur type weirs  were selected from Basalt and Alluvium area 

in Amravati District, Maharashtra to evaluate their efficiencies in the aquifer conditions in different geophysical conditions. 

Amravati District is one of the eleven districts of Vidarbha region of Maharashtra. It is situated in the northern part of the State 

and lies between north latitudes 20°3 2’ and 21°46’ and east longitudes 76°37’ and 78°27’. The total area of the district is 12210 

sq. km. and falls in Survey of India degree sheets 55 G, 55 H, 55 K and 55 L. The district is bounded on the north by Madhya 

Pradesh State, on the east by Nagpur and Wardha districts, and on the south and south west by Yavatmal, Akola and Buldhana 

districts. Badnera and Amravati are nearest railway stations located at distance 20 km and 5 km respectively. Artificial recharge 

structures with their locations in Amravati district selected for present study are given in Table No.1.1 and Fig. No.1.1. 
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Fig.1. Location map of studay area 
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Table No. 1.1 

Selected Artificial Recharge Structures 

 
S

r. 

N

o. 

Name of 

Structure 

Location and 

Toposheet No. 

Latitude - Longitude Litholog

y 

Percolation Tank 

1 Rajura Amravati, 

55H/13 

N21055’30’’to21058’ and 

E77048’to77050’ 

Deccan 

Trap 

2 Nerpingalai Morshi, 55G/16, 

55K/4 

N21010’30”to21012’30”an

d E77059’to7801’30’’ 

Deccan 

Trap 

3 Wagholi Amravati, 

55G/16 

N2103’to2106’and   

E77052’15’’to77055’ 

Deccan 

Trap 

4 Digargavan Amravati, 

55G/16 

N2102’to2104’15’’and 

E77054’to77056’30’’ 

Deccan 

Trap 

5 Jawra Nandgaon 

Khandeshwar, 

55H/13     

N20045’to20048’and 

E77045’to77048’ 

Deccan 

Trap 

6 Phubgaon Nandgaon 

Khandeshwar, 

55H/14    

N20037’to20040’and 

E77051’to77054’ 

Deccan 

Trap 

7 Manikpur  Warud,55K/3  N21027’30’’to210 29’30’’ 

and E78008’to78009’30’’ 

Deccan 

Trap 

8 Dabheri Chandur Bazar, 

55G/16 

N21012’to21014 and 

E77049’to77051’ 

Alluvium 

Kolhapuri type Weir 

9 Mozari Tiosa, 55 K/4, 55 

G/16      

N2102’30’’to2104’and 

E77059’to7801’30’’ 

Deccan 

Trap 

1

0 

Chandur 

railway 

Chandur 

Railway, 55H/13 

N20048’to20050’and 

E77057’to77059’30’’ 

Deccan 

Trap 

1

1 

Kavsa Bhatkuli,55 H/9  N20051’to20053’30”and 

E77027’30”to770 30’ 

Deccan 

Trap 

1

2 

Uttamsara Amravati, 55H/9 N20050’to20052’30’’ 

andE77039’to77041’30” 

Alluvium 

1

3 

Kund 

Sarjapur 

Amravati, 55H/9  N20055’30’’to20058’ 

andE77039’30’’ to77042’ 

Alluvium 

1

4 

Kamunja Amravati, 55H/9   N20057’to210and  

 E77040’ to77043’ 

Alluvium 

                                                 
 

METHODOLOGY 

In the present study an attempt has been made to confirm aquifer conditions near percolation tank and kolhapuri type weirs. 

The soundings were taken for upstream side and downstream side of recharge structure . The quantity and disposition of ground 

water depends on the geological characteristics of the host rock formation. The search for ground water is faced with lots of 

uncertainties; to minimize or avoid failures altogether, it is pertinent that the right exploration techniques are utilized in the 

delineation of subsurface water-bearing formations (Coker et al., 2009).The Schlumberger electrode configuration method used to 

delineate the groundwater potential aquifers (Coker, 2012).  

 ELECTRICAL RESISTIVITY METHOD 

There are many geophysical methods which make use of physical properties of earth’s materials. Amongst all the physical 

properties, it is the electrical resistivity that changes significantly from the barren to the water bearing rocks and hence electrical 

resistivity method is used as one of the most effective geophysical methods for groundwater investigation. In the present study an 

attempt has been made to investigate the efficiency of artificial recharge structure by using electrical resistivity method. 

Electrical resistivity method makes use of the fact that different rocks have different electrical resistivities. By passing the 

current into the ground through two current electrodes and measuring potential difference at the potential electrodes on the 

ground, it is possible to obtain information about subsurface material through which the current is passing. With this the nature of 

the subsurface rocks and the depth at which the changes take place can usually be inferred. In homogeneous ground medium the 

deviations in the pattern of potential differences are used to provide information on the form and electrical properties of 
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subsurface heterogeneities (Kearey and Brooks, 1988). In hydrogeological work, identification of aquifer zones, their depth from 

the surface, lateral extent and thickness, vertical properties of subsurface is possible by the resistivity method (Vaidya et al, 2002).  

The electrical resistivity method can be best employed to estimate the thickness of overburden and also the thickness of 

weathered/fractured zones with reasonable accuracy. Though both Wenner and Schlumberger electrode configuration methods are 

popularly employed, the Schlumberger electrode configuration method is more suited to the study area, ensuring better results. 

The method has practical, operational and interpretational advantages over other methods such as the Wenner method of electrode 

arrangement (Zohdy et al., 1974). 

Vertical Electrical Sounding (VES) 

In this approach, the center of the configuration is kept fixed and the measurements are made by successively increasing 

electrode spacing. The apparent resistivity values obtained with increasing values of electrode separations are used to estimate the 

thicknesses and resistivities of the subsurface formations (Fig. No. 2). 

 

Principle 

The electrical resistivity is a physical property of a substance. It is defined as ‘the resistance offered by a unit cube of a 

substance to the flow of electric current, when voltage is applied across the opposite faces’. The resistivity is expressed in ohm-m, 

and is given by Ohm’s law, as: 

 = RA/ L 

Where, 

ρ= Resistivity 

R= Resistance offered by the unit cube of a substance of length ‘L’ and cross sectional area ‘A’ 

The apparent resistivity depends on the electrode configuration and geometry of aquifer (Zohdy et al., 1974). 

 

 

 

 

 

 

 

 

 

 

Fig.2 

Schematic electrical circuit diagram for earth-measurements 

 

Many configurations have been developed to conduct the electrical resistivity surveys, such as, Wenner (1915), Schlumberger 

(1920), Dipole-dipole (Al’pin, 1950), Pole-dipole (Yadav, 1988; Yadav et al., 1997). Of these, the Wenner and Schlumberger 

configurations are the most common. The Schlumberger system has certain practical, operational and interpretational advantages 

over Wenner method (Bhimasankaram et al., 1969; Zohdy et al., 1974). 

In Schlumberger array, all four electrodes are placed in a line disposed symmetrically with respect to central point ‘C’. The 

distance between the current electrodes (AB) is maintained equal to or more than five times the distance between potential 

electrodes (MN) (Fig.No.3) i.e. AB/2 ≥ 5 MN/2. The resistivity of rock formation is calculated on the basis of apparent resistivity 

values. The apparent resistivity values are obtain if the ground is inhomogeneous and the electrode spacing is varied or the 

spacing remains fixed while the whole array is moved then the ratio will in general change. This results in different value of 

resistivity for each measurement. This measured value is known as apparent resistivity. Apparent resistivity for the rock formation 

can be determined by using Schlumberger equation. 

                              Apparent Resistivity = K X V/ I 

 

/4 (AB/2)2 – (MN/2)2 

Where, K= constant =       

                                                            MN 

Where, AB = Distance between two current electrodes 

            MN = Distance between two potential electrodes 

Whereas, actual resistivity values are determined from apparent resistivity which are computed from measurement of current 

and potential difference between pairs of electrodes placed in the ground surface. The change of resistivity at a great depth has 

only a slight effect on the apparent resistivity compared to those at shallow depth.  
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Fig.3 

Electrode configuration of Schlumberger array 

 

Thirty eight vertical electrical soundings (VES) using Schlumberger electrode configuration were conducted in the study area 

having a maximum current electrode spacing of 35 meters. The resistivity meter ANVIC CRM-500 was used for this survey 

work. At each location total three VES were taken on downstream (DS) and upstream (US) side so that the correlation can be 

made in terms of thickness, depth, and water bearing and transmitting capacity of the aquifers. The VES data curve was visually 

interpreted using curve matching technique of Orellana and Mooney (1966) and latter by computer aided software program of 

Zohdy (1965, 1974, 1989) and IPI2win (Bobachev, 2003).  While interpreting the sounding curve information from observation 

wells was incorporated. In an attempt to keep the earth model as simple as possible it was interpreted with four layer earth model. 

The average apparent resistivity’s and true resistivities were determined and layered model developed for each artificial recharge 

structure. The values of resistance and apparent resistivity observed at different structures are presented in the Table No. 1 and 2 

while their interpreted graphs presented in Fig.No.4 A and 4 B. 

Eleven types of curve are obtained in percolation tanks, ‘HA’ type, ‘HK’ type, ‘KHK’ type, ‘HKH’ type, ‘AK’ type, ‘KH’ 

type, ‘QQ’ type, ‘AHK’ type, ‘AKH’ type, ‘KHA’ type, ‘AAK’ type, . In Ko lhapuri type weirs eleven types of curves are 

obtained ‘HA’ type, ‘HK’ type, ‘KHK’ type, ‘HKH’ type, ‘AK’ type, ‘KH’ type,  ‘AKH’ type, ‘HKQ’ type, ‘H’ type, ‘QH’ type, 

‘QHA’ type.  

The data was interpreted separately for Kolhapuri type weirs and percolations tanks. The first layer thickness for Kolhapuri 

type weirs varied from 0.14 m to 5.14m while for percolation tanks it varied from 0.13 to 1.53m with resistivity range of 2.15 to 

36.9 for Kolhapuri type weirs and 6.22 to 102 for percolation tanks. In general high resistivity range was noted to percolation 

tanks as compared to Kolhapuri type weirs the second and third layer resistivity and thickness also show similar trend. This 

indicated that low resistivity first and second layer are more favorable for Kolhapuri type weirs as compared to percolation tanks. 

The detail analysis of resistivity interpreted with location and structure wise have been presented and analyzed in this chapter. 
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Table No.1 

Interpreted Vertical Electrical sounding data in terms of Resistivity Models for Percolation tanks 

 
S. 

N. 

VES No. Curve 

type 

Resistivity in Ohm-m Thickness in m. Depth in m 

ρ1 ρ2 ρ3 ρ4 ρ5 h1 h2 h3 h4 d1 d2 d3 d4 

1 Wagholi  US QQ 

Type 

28.3 19.1 5.09 2084 -- 0.398 2.97 3.12 -- 0.398 3.37 6.49 -- 

2 Wagholi  US HA 

Type 

9.59 5.29 11.37 2504 -- 0.72 2.24 7.36 -- 0.72 2.96 10.31 -- 

3 Wagholi  DS HA 

Type 

35.9 6.53 6.76 280 -- 0.6 2.67 4.29 -- 0.6 3.27 7.56 -- 

4 Rajura DS AK 

type 

40.95 81.27 132.3 18.67 -- 1.53 1.29 4.21 -- 1.53 2.82 7.03 -- 

5 Rajura  US KHK 

Type 

46.5 74.9 43.2 1055 59.8 0.6 0.79 1.85 4.29 0.6 1.39 3.24 7.53 

6 Rajura  US HK 

Type 

57.6 13.6 3522 9.8 -- 0.635 0.879 3.65 -- 0.635 1.51 5.16 -- 

7 Jawara  US KHA 

Type 

23.79 50.9 42.07 44.68 89.8 0.6 0.79 1.85 4.29 0.6 1.39 3.24 7.53 

8 Jawara  US HKH 

Type 

35.7 18.9 228 29.8 262 0.6 0.79 1.85 4.29 0.6 1.39 3.24 7.53 

9 Jawara  DS KH 

Type 

6.22 70.1 5.45 341 -- 0.6 2.67 4.29 -- 0.6 3.27 7.56 -- 

10 Digargavhan 

US 

AK 

Type 

14.4 18.9 1993 1.71 -- 0.72 0.61 1.99 -- 0.72 1.33 3.32 -- 

11 Digargavhan  

DS 

AHK 

Type 

51.5 29.2 16.6 1303 29.5 0.52 0.76 1.57 2.67 0.52 1.28 2.85 5.52 

12 Digargavhan 

US 

AKH 

Type 

9.6 12.4 47 8.18 69.5 0.6 0.79 1.85 4.29 0.6 1.39 3.24 7.53 

13 Dabheri   US KH-

Type 

24.6 2768 23.3 1075 -- 1.16 1.78 6.8 -- 1.16 2.94 9.74 -- 

14 Dabheri  DS HK-

Type 

30.2 12.5 1208 2.5 -- 0.708 0.856 4.93 -- 0.708 1.56 6.49 -- 

15 Dabheri   US AK-

Type 

29.1 90.3 2086 18.1 -- 1.53 2.37 6.72 -- 1.53 3.9 6.72 -- 

16 Nerpinglai US HK-Ty 94.6 50.4 317 4.75 -- 0.468 2.52 19.7 -- 0.468 2.99 22.7 -- 

17 Nerpinglai DS KHK-

Type 

102 194 73.4 787 10.1 1.4 1.85 4.29 9.97 1.4 3.25 7.54 17.5 

18 Nerpinglai US KH-

Type 

33.6 499 47.8 501 -- 1.48 1.56 3.74 -- 1.48 3.04 6.78 -- 
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19 Phubgaon DS HA-

Type 

9.09 1.55 19.4 1999 -- 0.451 0.753 8.09 -- 0.451 1.2 9.29 -- 

20 Phubgaon US AAK-

Type 

35.8 64 285 662 251 0.136 3.41 3.61 8.08 0.136 3.55 7.16 15.2 

21 Phubgaon  US KHK-

Type 

42.14 61.58 30.37 201.2 61.28 0.6 0.7944 1.846 4.29 0.6 1.394 3.24 7.53 
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Table No. 2 

Interpreted Vertical Electrical sounding data in terms of Resistivity Models for Kolhapur type weirs 

 

S. 

N. 

VES No. Curve 

type 

Resistivity in Ohm-m Thickness in m. Depth in m 

ρ1 ρ2 ρ3 ρ4 ρ5 h1 h2 h3 h4 d1 d2 d3 d4 

1 Chandur Railway  

DS 

HK-

Type 

16.9 5.96 1486 54.1 -- 0.60 0.65 2.62 -- 0.60 1.25 3.87 -- 

2 Chandur Railway  

US 

HKQ-

Type 

13 7.09 64.9 21.1 0.45 0.55 0.76 1.89 17.7 0.55 1.32 3.21 20.9 

3 Chandur Railway  

US 

HKQ-

Type 

13.1 7.08 64.2 21.2 0.23 0.56 0.76 1.91 17.9 0.56 1.32 3.23 21.1 

4 Kavasa  DS KHK-

Type 

9.03 30 1.41 6140 43.7 0.89 0.03 1.65 21.1 0.89 0.92 2.57 23.7 

5 Kavasa  US HKH-

Type 

19.3 2.21 11.7 2 917 0.37 0.14 4.63 6.51 0.37 0.51 5.14 11.7 

6 Kavasa  US AK-

Type 

6.08 20 303 1.21 -- 5.14 0.61 5.86 -- 5.14 5.75 11.6 -- 

7 Mojhri  US H-Type 15.6 8.97 93.04 -- -- 1.19 9.33 -- -- 1.19 10.52 -- -- 

8 Mojhri  US QH-type 36.9 12.5 2.33 46.2 -- 0.52 3.35 4.05 -- 0.52 3.87 7.92 -- 

9 Mojhri  DS KH-

Type 

8.58 16.78 4.13 93.82 -- 1.19 1.88 4.16 -- 1.19 3.07 7.23 -- 

10 Uttamsara  US HKH-

Type 

10.3 3.68 60.6 6.23 49.7 0.59 0.66 1.47 3.18 0.59 1.26 2.73 5.91 

11 Uttamsara  DS AKH-

Type 

4.37 7.03 16.7 3.3 2634 0.15 1.84 1.42 3.31 0.15 1.99 3.41 6.72 

12 Uttamsara  US HA-

Type 

2.15 0.56 88.8 1783 -- 0.32 1.17 1.75 -- 0.32 1.49 3.24 -- 

13  DS Kamunja HKH-

Type 

59.2 16.5 100 0.67 202 1.19 0.89 2.87 3.24 1.19 2.08 4.95 8.19 

14  Kamunja US HKH-

Type 

11.8 9.93 34.5 4.88 4872 1.19 0.45 1.82 4.04 1.19 1.64 3.46 7.5 

15  Kund DS KHK-

Type 

16.7 98.7 1.63 11 0.08 0.25 0.73 1.87 10.2 0.25 0.98 2.85 13.1 

16  Kamunja DS KH- 6.62 13.3 3.93 8.08 -- 0.51 0.19 6.28 -- 0.51 0.7 6.98 -- 
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Type 

16  Kund US KH-

Type 

6.62 13.3 3.93 8.08 -- 0.51 0.19 6.28 -- 0.51 0.7 6.98 -- 

17  Kund DS QHA-

Type 

6.3 3.58 0.998 3.22 518 0.85 0.56 0.89 12.5 0.85 1.41 2.3 14.8 

16  Kund US KH-

Type 

6.62 13.3 3.93 8.08 -- 0.51 0.19 6.28 -- 0.51 0.7 6.98 -- 
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Digargavan US 

AK-Type 
Digargavan US 

AHK-Type 
Digargavan DS 

AHK-Type 

   
Jawra US 
KHA-Type 

Jawra US 
HKH-Type 

Jawra DS 
KH-Type 

   
Rajura DS 
AK-Type 

Rajura US 
KHK-Type 

Rajura US 
HK-Type 

   
Wagholi US 

QQ-Type 
Wagholi US 

HA-Type 
Wagholi DS 

HA-Type 

 
Fig. No. 1.3-A 

Typical resistivity model curve of percolation tanks 
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Dabheri US 

AK-Type 
Dabheri DS 
AHK-Type 

Dabheri US 
AHK-Type 

   
Ner Pinglai US 

KHA-Type 
Ner Pinglai DS 

HKH-Type 
Ner Pinglai US 

KH-Type 

   
Phubgaon DS 

AK-Type 
Phubgaon US 

KHK-Type 
Phubgaon US 

HK-Type 
 

Fig. No. 1.3-B 

Typical resistivity model curve of percolation tanks 
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Chandur Railway DS 

AK-Type 
Chandur Railway US 

AHK-Type 
Chandur Railway US 

AHK-Type 

   
Kavsa DS 
KHA-Type 

Kavsa US 
HKH-Type 

Kavsa US 
KH-Type 

   
Mozri US 
AK-Type 

Mozri US 
KHK-Type 

Mozri DS 
HK-Type 

   
Uttamsara US 

QQ-Type 
Uttamsara DS 

HA-Type 
Uttamsara US 

HA-Type 

 
Fig. No. 1.4-A 

Typical resistivity model curve of Kolhapur type weirs 
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Fig. No. 1.4-B 

Typical resistivity model curve of Kolhapur type weirs 

 

RESULT AND DISSCUSSION 

Replenishment of groundwater by artificial recharge of aquifers in the arid and semi-arid regions of India is essential as the intensity of 

normal rainfalls is grossly inadequate to produce any moisture surplus under normal infiltration conditions. The varied hydrogeologic 

conditions may prevent rapid infiltration into groundwater reservoir. Realizing this many artificial recharge projects have been undertaken 

up by central and state groundwater department, in an attempt to recharge the depleted aquifers by spending huge amounts. To make the 

expenditure viable and have the sustainable development, it is essential that the sites and structures should be planned on sound scientific 

basis. 

Geophysical investigation can be interpreted appropriately, using the available geological information for defining the characteristics 

of sites for artificial recharge structures. It is inferred that though qualitative, the resistivity variations obtained from the resistivity sections 

provide a quick assessment regarding the geological setting and the aquifer conditions and also can pinpoint the ground water bearing 

formation. Hence, integrated study can provide useful information on sustainability of artificial recharge structures. 
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