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Abstract  

Artificial recharge is highly recommended in declining groundwater level trends as well as 

partially replenished aquifers. Moreover, the quantification of the recharge to aquifers due 

to such measures is important in water resource budgeting, development and planning. 

With this objective nine locations representing varied geomorphology were selected and 

the groundwater levels from the dug well in the proximity of water harvesting structures 

were monitored. The plot of monthly groundwater levels versus rainfall depicts that in the 

month of July high rainfall occurred but the groundwater levels raised in August due to 

delayed recharge process. The water level data also indicate the availability of water 

column of about 5m to 6m in most of the wells till the end of February, 2020. Water 

Harvesting structures overlaid on the Recharge Potential Zone map represent excellent 

(13.1%), very good (12.3%), good (23.3%), moderate (25.2) and poor (26.1) zones. The 

computation of artificial recharge from these structures depict that the structures having 

high storage capacity with a greater number of fillings have higher recharge. Also, the 

geophysical resistivity surveys were conducted to understand the degree of saturation at 

each location up to 50m, 100m and 150m distances from the structure. After integrating all 

datasets, it has been found that the structure at Shivajinagar has highest recharge followed 

by Pisalwadi, Kanheri, Zagalwadi 2, Kavathe, Ansur, Bholi, Limbachidwadi, Zagalwadi 1 

and Kesurdi. Thus, the study concludes that the impact of water harvesting structures 

varies according to topography, land slope, geomorphology, size of catchment and 

lithology. 
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1 INTRODUCTION 

 

In large areas worldwide, aquifers are the primary 

supply of fresh potable water, particularly in the areas 

where reclaimed water availability is poor. Subsurface 

water resources are anticipated to have 50% share from 

the global provision of safe water reserves (Vives, 

2003). In rural parts of India, public dependency on 

groundwater for consumption purposes is 85% (Pahuja 

et al., 2010). But many areas are facing the problem of 

rapidly depleting saturated thickness in both confined 

and unconfined aquifers, unbalancing recharge-

discharge equilibrium (Maggirwar and Umrikar, 2011). 

In order to facilitate sustainable management, there is a 

need to adopt systematic groundwater governance 

(Gaikwad et al., 2018).  Hence, conventional as well as 

non-conventional artificial recharge techniques are 

employed in such regions. India being a monsoonal 

country where maximum rainfall takes place in June-

September, it is observed that majority of rainwater is 

formulated as runoff causing soil erosion and floods. 

One such technique in enmeshing and availing this 

storm water is creating a succession of small-scale water 

harvesting structures (WHSs) across the seasonal 

streams. These WHSs not only benefit in saving surface 

water runoff, but also provide water for consumption to 

the inhabitants, wildlife, flood prevention, siltation 

down the streams, soil conservation, increasing 

vegetation in the vicinity, providing water for irrigation, 

etc. (Sur et al., 2001). But, identification of proper sites 
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for WHSs needs careful consideration of methods and 

physical framework of a watershed covering factors 

such as climate, topography, geology, drainage network, 

hydrogeology and hydrology so as to derive maximum 

benefit out of these structures (Khan and Moharana, 

2002; Maggirwar and Umrikar, 2009; Singh et al., 2013;  

Kadam et al., 2017a). 

There are several methods available for the site 

selection of water harvesting structures (Rajasekhar et 

al., 2020; Abdullah et al., 2020; Husen et al., 2020) and 

the aspects like design of the dam for water harvesting 

(Grum et al., 2017; Vema et al., 2020; Mandal et al., 

2020), role of water harvesting in agricultural drought 

(Dile et al., 2016; Nyagumbo et al., 2019; Reddy et al., 

2020), efficacy of such structures was studied by 

different workers (Narayana and Sastry, 1986; Al-

shabeeb, 2015; Kadam et al., 2017b). Sur et al. (2001) 

studied about the impact of WHSs in the Shiwalik 

foothills of northern India and found that there was rise 

in the groundwater levels and increase in vegetation in 

the vicinity of WHSs. Quessar et al. (2008) discuss 

about evaluation tools such as SWAT modeling in 

understanding WHSs impact. Previous studies reveal 

that technological advancement has provided 

sophisticated tools for collecting various kinds of spatial 

and non-spatial information to generate a sound 

database for watershed characterization (Umrikar, 

2017). But at the same time functionality, efficacy and 

impact made by these structures have not been 

monitored or assessed. There are very few indices or 

guidelines proposed in this regard.   

The groundwater in hard basaltic terrain of 

Maharashtra characteristically restricts to the secondary 

porosity combined with distinct morphological control 

on hydro-dynamics. Moreover, a large area in the state 

experiences deficiency of soil moisture and high 

potential evaporation rates that affect the recharge 

processes. Apart from this, the aquifers from drought 

prone zones get partially saturated that result in poor 

dug well yields. The measures like adoption of water 

harvesting, conservation and recharge techniques 

supported with the other watershed development 

activities have been found effective (Umrikar, 2000). 

Since last few decades, governmental as well as non-

government organizations have taken up the task of 

constructing water augmenting structures on large scale 

involving local villagers. Ministry of Jal Shakti (2019) is 

promoting the construction of WHSs in water stressed 

districts. CGWB (2007) have already provided 

guidelines for construction of these structures.  

However, construction of WHSs requires large amount 

of labor and financial aid. In the present scenario, 

building WHSs itself requires 5 to 40 lakhs depending 

upon the type, size and location (Lasage and Verburg, 

2015). Hence, it is important to timely assess its 

technological and lucrative accomplishment, its 

construction durability, long-term impacts, profit to 

local farmers and ecological benefits.  But, 

unfortunately the evaluation of feasibility and 

functionary of these structures and its impact on 

hydrogeological set-up of that region has not been 

timely and regularly performed. Keeping this research 

gap in view, the main objective of the present study has 

been conducted at nine locations to understand the 

impact on water resources. 

2 STUDY AREA 

Study area constitutes of Nira River Basin. Nira is a 

tributary of the Bhima River that rises in Western Ghats 

from Bhor Tahsil of Pune District (Figure 1). The study 

area is included in the Khandala taluka, Satara district 

and falls in the Survey of India (SOI) toposheet numbers 

47F/16 and 47J/4 of 1:50000 scale. The study area is 

254km
2
 in extent and falls amidst 18°0ʹ00" and 

18°10ʹ00" N, 73°55ʹ00" and 74°5ʹ00" E. Elevation 

ranges from 492 to 1207m. This study is focused on 

understanding the impact of nine WHSs from village 

locations namely Kesurdi, Kanheri, Kavathe, 

Shivajinagar, Bholi, Pisalwadi, Zagalwadi-1 and 2 and 

Limbachiwadi, where the watershed management 

activities including construction of artificial recharge 

structures have been carried out on large scale. The 

watershed experience monsoonal rains with uncertain 

and erratic rainfall starting from June till the end of 

September. Average yearly precipitation is 605.4 mm. 

The watershed experiences a semi-arid climate with 

temperature ranging from 36°C during summer to about 

18°C during winter. Agriculture is one of the dominant 

occupations for the rural population and groundwater is 

the only dependent source for irrigation. The National 

Highway (NH 48), i.e. a part of Golden Quadrilateral 

Highway, passes through Shirval village. This makes it 

easy to reach Shirval from Mumbai, Pune and 

Bengaluru. 

3 METHODOLOGY 

The topographic sheets covering water harvesting sites 

were procured from SOI, Pune Division, to generate the 

base map. DRM-GSI is used in developing the lithology 

and geomorphology maps. Soil Map was prepared from 

NBSS data. Rainfall data was procured from local 

revenue department and monthly rainfall graphs were 

generated for the current hydrological year i.e. 2019-

2020. The ASTER-GDEM was downloaded to create 

the Digital Elevation Model (DEM) and slope of the 

area. The hydro tool was operated on DEM to formulate 

the drainage network. GARMIN make handheld GPS 

was used for recording the latitude and longitude of 

WHS and dug wells. Two dug wells per site were fixed 

(one well in the upper part of the structure and another 

in the downward side) for monitoring the groundwater 

levels. The well sections, road and stream cuttings were 

inspected during the field work to understand the 

geology of the area. 

All the thematic layers namely geology, 

geomorphology, soil, DEM, slope and drainage density 

were reclassified in ArcGIS based on the recharge 

influencing factors and raster calculator tool was used to 

generate the Recharge Potential Zone Map (RPZ). The 

weights were given to individual sub-classes of each 

theme to which were validated with VES surveys (Table 

1).
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Figure 1. Study area 

   

Various geophysical methods that evaluate the 

properties of the earth material and provide useful 

information of subsurface geological conditions are in 

vogue. Among these, electrical resistivity method is 

most popular followed by electromagnetic and magnetic 

methods. The method provides basic information like a 

quantitative measure of the conducting properties of the 

subsurface, depth to hard rock, soil and weathered zone 

thicknesses.  Vertical Electrical Sounding (VES) at nine 

locations representing the close, middle and far stretches 

of the structures were carried out to understand the 

resistivity at various distances. Further Apparent 

resistivity model has been generated using IPI2Win 

software. The methodology flow chart is incorporated in 

Figure 2.   

 According to Groundwater Estimation Committee 

norms (2009) recharge due to water harvesting structure 

is estimated based of following equation: 

         

where, GS is Gross Storage (                   
             ), RF is recharge factor (0.5). Calculated 

Recharge values are in ha-m. 

4 RESULTS AND DISCUSSION 

4.1 Geomorphology 

Geomorphological assessment is helpful in 

understanding the groundwater availability, flow pattern 

and most importantly its potentiality in a particular 

region (Deshmukh et al., 2011). The study region 

characteristically represents the landforms of volcanic 

province, such as Mesa, denudational hills and dissected 

plateau, etc. From the geomorphological map, it is clear 

that maximum area is covered by Deccan plateau 

(Figure 3) which can only be differentiated by the 

degree of weathering and erosion. A weathered plateau 

of the area contributes toward towards high groundwater 

prospect which is prominently observed along river. 

4.2 Slope 

Slope is a substantial impacting component which is able 

to influence the hydrological approaches namely runoff, 

recharge as well as ground impediment duration (Kadam 

et al., 2012). Gentle class is assigned to the areas having 

0-3º slope which indicate the high infiltration whereas 

the moderate class denotes the land with 3-8º slope, 

which signifies slightly undulating topography with 

some infiltration. Slope of 8-15º lead to relatively high 

runoff and low infiltration and fall under the moderately 

strong class. A slope between 15º and 26º follow the 

strong land slope class and ultimately, area with slope 

>26º are considered as steep. The majority of land falls 

in 0-3º and 3-8º slope categories which indicate gentle to 

moderate slope (Figure 4) wherein steep slopes are 

observed towards the southern boundary of the 

watershed. 
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Figure 2. Methodology 

 

 

Figure 3. Geomorphology 
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Table 1. Assignment of weights to sub-classes based on the degree of influence 

Classes Sub-classes Weights 

Geomorphology Mesa 

Slightly Dissected Plateau 

Moderately Dissected Plateau 

Highly Dissected Plateau 

Undissected Plateau 

Slightly Weathered Plateau 

Weathered Plateau 

1 

2 

2 

3 

1 

4 

5 

Geology Compact Basalt 

Unclassified Basaltic Flows 

Vesicular Basalt 

1 

3 

5 

Soil Clayey Calcareous soil with moderate erosion 

Clayey Soil with severe erosion 

Fine calcareous soil with moderate erosion 

Fine soil with moderate erosion 

Loamy calcareous soil with moderate erosion 

Strong calcareous fine soil with moderate erosion. 

2 

1 

2 

4 

5 

3 

DEM 492-559.29 

559.3-625.59 

625.6-716.31 

716.32-850.9 

850.91-1207 

5 

4 

3 

2 

1 

Slope (degrees) 0-3.2 

3.21-8 

8.1-15.2 

15.21-26.67 

26.68-68 

5 

4 

3 

2 

1 

Drainage Density 

(Km/km.sq) 

0-1.49 

1.5-3.18 

3.19-4.86 

4.87-6.83 

6.84-12.27 

5 

4 

3 

2 

1 

 

 

4.3 Drainage Network and Drainage Density 

Drainage network and density are characteristic features 

that show resemblance with respect to lithology (Day, 

1980). Drainage pattern observed is mostly dendritic in 

nature and shows parallel to sub parallel arrangements 

in first order streams (Figure 5). 

The area represents a fifth order drainage basin, 

based on Strahler‟s (1952) stream ordering method. Out 

of which, Zagalwadi 1 and Kesurdi WHSs are 

constructed on a first order stream while at Kavathe, 

Zagalwadi 2, Bholi, Limachiwadi WHSs are built on 

second order stream and on the third order stream 

Kanheri, Shivajinagar, and Pisalwadi WHSs are built. 

The catchment areas for all the structures vary according 

to stream orders. Thus, Kesurdi has the smallest 

catchment and Pisalwadi has largest catchment area.  

Higher drainage density indicates high surface runoff. 

Five classes are generated to depict the variation in 

drainage density. The classes assigned are very low, 

low, moderate, high and very high. Central part of the 

study region shows high to very high drainage density 

(Figure 6). 
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Figure 4. Slopes  

 

 

4.4 Geology  

The study area belongs to the Nira basin, and is covered 

completely by basaltic flows of cretaceous-paleocene 

age, with occurrence of alluvium along the sides of 

river. Lithological mapping of the region was conducted 

by Geological Survey of India. The Geological Map of 

study area is generated on the basis of DRM of GSI on a 

scale of 1:25,000.  

The lava pile exposed in the area is comprised of 

the Diveghat, Purandargarh formation and the 

Mahabaleshwar formation belong to Wai Subgroup of 

the Sahyadri group of Deccan Trap Super group. Wai 

Formation is the youngest, situated over the Lonavala 

Subgroup and constituents beyond 50% of entire stratum 

of Deccan basalt with five formations (Beane et al., 

1986; Peng et al., 1994). Entire subgroup is made up of 

Simple flows alongside entrenched flow tops, tiny 

plagioclase laths, pyroxene and olivine (Beane et al., 

1986).  In general, flow composition of Wai supergroup 

is more evolved as compared to corresponding flows, 

although GPBs with the most evolved compositions are 

lacking (Beane et al., 1986). There are three types of 

basalt; namely: compact basalt, vesicular basalt and 

unclassified basalt observed in the watershed. Vesicular 

basalt is prominently observed along the Nira River that 

has the highest recharge rate (Figure 7). Fractures and 

joints, both vertical and horizontal in nature are 

frequently seen in basalt and denote the secondary 

porosity (Ramakrishnan and Vaidyanadhan, 2010). The 

overall porosity of the area is low as the compact basalt 

is impervious. Only two WHSs namely: Pisalwadi and 

Bholi had built on vesicular basalt which indicate high 

rate of recharge through WHS in the aquifer. Rest all 

other WHSs are built on compact and unclassified 

basalt. 
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Figure 5. Drainage network with stream orders 

 

 

Figure 6. Drainage density  
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Figure 7. Geology  

 

 

 

4.5 Soil 

The type of soil is determined by the texture, strength, 

composition, pore size distribution, etc. which further 

controls its porosity, permeability and infiltration 

capacity (Osunbitan et al., 2005). The soils of the area 

are mainly derived from basalts (Figure 8). The soil 

types observed in the area are mostly calcareous, clayey, 

loamy and fine soil. If the clay content is increasing in 

the soil then it slows down the infiltration rate. The soil 

derived from basalt generally contains montmorillonite 

and kaolinite clay minerals.  

4.6 Recharge Potential Zone (RPZ) 

Thematic layers such as the geology, geomorphology, 

soil, DEM, slope, drainage density were integrated in 

geospatial environment in order to generate the 

Recharge Potential Zone map of the Nira river basin. 

The resultant map is classified into five zones namely 

excellent (33.06 sq.km), very good (31.25 sq.km), good 

(59.3 sq.km), moderate (64.2 sq.km) and poor (66.1 

sq.km) (Figure 9). It is observed that WHS in Pisalwadi 

and Bholi are constructed in regions of excellent zones. 

Shivajinagar is situated on very good zone. These WHS 

are constructed in regions have less slopes and lower 

drainage density and hence eventually have more 

recharge. While, Kavathe Ansur and Zagalwadi 2 are 

constructed on Good recharge zone. Rest of the WHSs 

namely Limbachiwadi, Zagalwadi 1, Kesurdi are 

observed in moderate to poor regions due to presence of 

clayey type of soil, high slope angles and dense drainage 

network. 

4.7 Water Harvesting Structures 

In order to enhance the groundwater availability and the 

sustainability of both drinking as well as irrigation wells 

in the watershed, sufficient recharge is essential. 

In case, shortfall of natural recharge then, it has to 

be met through artificial techniques. Thus, to combat the 

water shortage, cement nala bunds (CNBs) have been 

constructed at nine locations (Figure 10) namely 

Limbachiwadi, Kanheri, Kesurdi, Pisalwadi, Bholi, 

Kavathe, Shivajinagar and Zagalwadi 1 and 2. Storage 

capacity of individual structures is calculated and 

recharge in ha-m is estimated (Table 2).  The structure 

constructed at Shivajinagar location has maximum 

whereas the Kesurdi has minimum storage capacity 

(Table 2). 

Storage capacity =               

where, K is factor of safety (value =0.5), B is back water 

length, H is height and L is width (IIT Bombay, 2019). 
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Figure 8. Soils 

 

 

Figure 9. Recharge Potential Zones 
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Figure 10. Locations of water harvesting structures 

 

 

 

Table 2. Storage capacity of the structures and recharge estimation 

CNB 

Back 

Water 

Length 

(m) 

Width 

(m) 

Height 

(m) 

Storage 

capacity 

in (m^3) 

Storage 

capacity 

in ha-m 

Number 

of 

fillings 

Gross 

storage in 

ha-m 

Recharge 

in           

ha-m = 

(0.5*GS) 

Limbachiwadi 35 9 3.5 275.6 0.028 6.00 0.17 0.08 

Kanheri 41 13 3.3 439.7 0.044 6.00 0.26 0.13 

Kesurdi 34 8.1 2.0 137.7 0.014 5.50 0.08 0.04 

Pisalwadi 42 30 2.0 630.0 0.063 6.00 0.38 0.19 

Bholi 50 12 2.2 330.0 0.033 6.50 0.21 0.11 

Kavathe Ansur 40 15 2.5 375.0 0.038 6.00 0.23 0.11 

Zagalwadi 1 37 6 4.0 222.0 0.022 5.75 0.13 0.06 

Zagalwadi 2 38 10.5 3.6 359.1 0.036 6.50 0.23 0.12 

Shivajinagar 43 13.4 4.5 648.2 0.065 6.00 0.39 0.19 

   Total Recharge = 1.0357 

 

 

The influenced area of single structure is quite limited 

so benefits of this structure is local in scale with the 

immediate effects being restricted to distance of about 

200 to 500m. Recharge values are depending upon the 

different storage capacity as well as number of fillings 

which take place in a groundwater assessment year 

(Table 2). Higher the storage capacity and number of 

fillings result in more recharge. So the recharge found to 

be higher for Pisalwadi and Shivajinagar while for 

Kesurdi and Zagalwadi1 WHS structures show less 

impact. Bholi, Kavathe Ansur WHS, Limbachiwadi, 

Zagalwadi-2 WHSs and also Kanheri WHS depict low 

to moderate recharge amount (Figure 11). 
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4.8 Hydrogeological Investigations 

Hydrogeological investigations were carried out to 

assess the impacts of WHS on surrounding dug wells. 

Two dug wells per site were inventoried and monthly 

water levels were measured to understand the rise and 

fall in water table with respect to recharge structures. 

The plot of rainfall and groundwater levels (Figure 12) 

depicts that highest rainfall (above 200 mm) occurred in 

the month of July and October. The static water level 

measurements were made in the month from June, 2019 

to February, 2020. Groundwater fluctuation ranges from 

0.2m to 10.9m. All static water levels in a dug well in 

the proximity of the WHSs show similar trend. Out of 

which, wells that are in proximity of Bholi WHS depict 

less groundwater fluctuation indicating higher 

groundwater storage, well connected joints/fractures and 

high degree of weathering while wells in Kesurdi has 

higher groundwater fluctuation that is due to poor 

groundwater storage. All other dug wells show moderate 

fluctuation in groundwater levels. It is seen that the 

maximum benefit of the structure is up to december 

because the static water level gets lowered after that and 

the water arrested in structures reduces drastically. 

4.9 Vertical Electrical Sounding (VES) 

VES surveys were conducted in the proximity of WHS 

in order to understand the degree of GW saturation, 

which is further used for validation of RPZ and artificial 

recharge estimation. The data obtained through 

electrical resistivity surveys were processed and the 

plots of AB/2 versus Apparent resistivity generated 

using IPI2Win software for eight locations are presented 

in figures from 13 to 19. The thickness of the layers and 

respective resistivity values are incorporated in Table 3. 

 Kesurdi  

At this location, first layer is soil regolith showing 

15.9Ωm resistivity with approximately 4m thickness. 

Further, the resistivity increases upto 109 Ωm 

representing fractured and weathered basalt and has 

depth up to 6m. After 10m depth, hard and compact 

basalt rock was identified and shows resistivity 475 Ωm. 

Moreover, the VES conducted at 50m distance depicts 

the similar results. The three VES surveys conducted in 

the proximity of water harvesting structure shows that 

the area up to 200m is getting benefited because of this 

structure.

 

 

 

             

Figure 11. Recharge from the WHSs. 
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                Figure 12. Monthly Groundwater levels compared with rainfall 

 

Figure 13. VES plot of 50, 100 and 150m distance from the WHS at Kesurdi 
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 Kavathe  

Both the surveys show minimum resistivity values that 

indicate high water saturation. The saturated thickness is 

up to 10.4m at first location whereas this thickness 

reduces up to 9m in second location. The layer below 

shows resistivity values increasing in the range of 131-

180 Ωm, this is due to reduction in water infiltration and 

variations in degree of jointing and fracturing in basalt. 

 Zagalwadi-1  

There are two water harvesting structures constructed in 

this village and the surveys have been conducted at both 

the places. The first VES survey conducted in the 

proximity of first structure shows weathered basalt up to 

1m with resistivity of about 9 Ωm, below this layer the 

resistivity increases up to 47 Ωm. This layer is about 

15.3m thick and then again there is increase in 

resistivity up to 1783 Ωm which indicate massive and 

compact basalt after 16m. At second location, the 

surface resistivity is high (144 Ωm) but it continuously 

decreases with increase in depth indicating high 

saturation up to 10m. 

 

 

 

Figure14. VES plot of 50 and 150m distance from the WHS at Kavathe 

  

  

 

Figure 15. VES plot of 50 and 150m distance from the WHS at Zagalwadi-1 
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Table 3. Resistivity and thickness of subsurface layers 

Area Name 
Number of 

Layer 

Resistivity (ꭥm) Thickness (m) 

50 m 100 m 150 m 50 m 100m 150 m 

Kanheri 1 21.00 21.00 * 4.29 4.31 * 

  2 47.90 48.20 * 18.50 18.70 * 

  3 4622.00 5417.00 * * * * 

Kesurdi 1 15.90 16.70 9.14 3.97 3.44 0.26 

  2 109.00 82.60 47.50 5.36 4.73 9.74 

  3 475.00 338.00 143.00 * * * 

Pisalwadi 1 17.40 5.23 * 2.78 2.21 * 

  2 88.80 42.50 * 10.45 5.11 * 

  3 513.00 405.00 * * * * 

Bholi 1 9.82 * * 2.57 * * 

  2 30.80 * * 5.70 * * 

  3 122.00 * * * * * 

Kavathe 

Ansur 
1 11.60 17.90 * 0.33 3.66 * 

  2 48.80 74.10 * 10.40 5.56 * 

  3 131.00 179.00 * * * * 

Zagalwadi 1 1 8.58 144.00 * 1.81 0.57 * 

  2 47.60 90.80 * 15.30 2.72 * 

  3 1783.00 40.90 * * 22.20 * 

  4 * 203.00 * * * * 

Zagalwadi 2 1 29.00 5.03 9.68 3.68 1.35 2.15 

  2 16.80 32.70 22.90 12.91 9.78 14.10 

  3 423.00 113.00 2189.00 * * * 

Shivajinagar 1 0.47 7.65 * 1.18 2.58 * 

  2 31.30 48.63 * 20.50 13.50 * 

  3 247.00 709.00 * * * * 

 

 Zagalwadi-2  

The first VES indicates full saturation of unconfined 

aquifer and below 15m depth, the hard rock may present 

that possess high (423Ωm) resistivity value.  The second 

location indicates increase in saturated thickness. It has 

surface resistivity of 5 Ωm with the thickness of 1.35m. 

after that resistivity value increases to about 113Ωm 

with the possibility of fractured basalt. The third plot 

shows up to 15m vadose zone and aquifer have been 

identified with maximum saturation followed by hard 

and compact basalt rock with less fractures and joints. 

Therefore, the resistivity is 2189 Ωm. Thus, the water 

harvesting structure is benefiting up to 15m i.e. 

unconfined aquifer. 

 Kanheri  

The VES conducted in the proximity of structure shows 

“A” type of resistivity curve i.e. р1< р2< р3 that co-

inside with the weathered layer, (resistivity 21Ωm) 

fracture and jointed basalt (47.9Ωm) and compact basalt 

with absence of fractures and joints (4622Ωm). 

Therefore, the dug wells having depth less than 17m are 

beneficial because the presence of hard rock hinders the 

further groundwater movement. 

 Pisalwadi  

VES conducted at the distance 50m and 100, both show 

„A‟ type of curve. First layer is soil layer which has 

resistivity value of 17 Ωm with total thickness of 2.78 

m. Impact of this structure is only up to 10 m thickness 

because after that resistivity value increases up to 

513Ωm which indicate compact basalt that restricts the 

percolation of groundwater. 

 Shivajinagar  

The first VES survey conducted in the proximity of this 

structure show soil layer of 1m thickness. Below this 

layer, jointed and weathered basalt show resistivity 

value 31 Ωm with about 21m thickness. After that 

resistivity value increases in the range of 274Ωm-709 

Ωm. 
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Figure 16. VES plot of 50 and 150m distance from the WHS at Zagalwadi-2 

  

 

 

 

 

Figure 17. VES plot of 50 and 150m distance from the WHS at Kanheri 
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           Figure 18. VES plot of 50 and 150m distance from the WHS at Pisalwadi 

 

  

Figure 19. VES plot of 50 and 150m distance from the WHS at Shivajinagar and Bholi 

 

 Bholi  

The VES conducted in the proximity of structure shows 

“A” type of resistivity curve that depict the top soil 

layer, weathered basalt and compact basalt  layer. The 

resistivity increases with increase in depth.  

Finally, the resistivity of saturated top soil ranges 

between 5.23 and 17.9Ωm whereas the weathered basalt 

shows the range from 21.0 to 203.0 Ωm due to the 

variation in water content. The hard and compact basalt 

depicted the resistivity values as high as 5417.0 Ωm.     

5 CONCLUSIONS 

This study demonstrates the application of 

geomorphology, hydrogeology and geophysical 

resistivity techniques to evaluate the impacts of different 

water harvesting structures.  
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Check dam at Shivajinagar village is constructed 

on 3
rd

 order stream having moderate to low slope and 

less drainage density. Also, VES data depict that the top 

soil is about 1m having fine calcareous type with 

moderate erosion. This structure shows highest recharge 

rate as per the artificial recharge model that is well 

supported by the recharge potential map indicating very 

good zone. Structure in Pisalwadi is also constructed on 

3
rd

 order stream and falls in excellent zone according to 

the potential zonation map. It has a high storage 

capacity indicating higher recharge, but VES surveys 

show that its impact is limited up to 10 m depth only. 

Kanheri location represents highly dissected plateau 

wherein, VES depicts 'A type' of curve, with moderate 

drainage density and steep slopes. Zagalwadi-2 shows 

moderate recharge and falls in good category zone. Also 

geophysical interpretation states that it benefits the 

unconfined aquifers up to 15m thickness. WHS in 

Kavathe is constructed on 2
nd

 order stream and falls in 

good potential zone category. It shows moderate 

recharge while the VES survey shows that the at 50m 

distance there is high water saturation but as the distance 

increases it shows less saturation mainly due to lowering 

of infiltration rates and changes in joints and fracture 

patterns. Bholi location is extremely close to Nira River, 

and back waters are highly influencing the structure. 

This structure is located in excellent recharge, having 

least groundwater fluctuation due to the support of 

surface water. Limbachiwadi and Zagalwadi-1 both 

have low storage capacity with low recharge rates. They 

fall in moderate to poor recharge zones. Zagalwadi-1 

shows saturation impacts to about 10m. Kesurdi shows 

highest groundwater fluctuation indicating low storage 

capacity resulting in less recharge. Also it is located on 

1
st
 order stream and falls in moderate recharge potential 

zones. Thus, it has been concluded that the 

implementation of water augmentation structures at such 

sites has significantly benefitted by elevating the 

groundwater levels in dug wells and retaining soil 

moisture in the area. 

Further, apart from long term monitoring of 

groundwater levels, to strengthen the assessment, 

remote sensing-based indices such as NDVI, NDWI, 

SMI and Land use change detection could be 

formulated. The field information regarding the increase 

in crop yield, support of groundwater for cultivating 

summer crops, increase in irrigated area would confirm 

the efficiency of such water conservation structures. 

Finally, it is believed that the findings of this study 

would be of great help to the planners, developers and 

decision makers in assessing the groundwater recharge 

status of similar middle order catchment developed in 

the hard rock terrain of the world. 
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