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Abstract:
Kakund river is a moderate size southern sub-tributary of
the Gambhir river. Its watershed area is 163.31 Sq. Kms,
and a part of eastern Rajasthan plains with isolated hillocks
and flat topped hills. Administratively it is belong to the
Bayana tehsil of Bharatpur district. The perpetual problems
of the Kakund watershed are inadequate supply of surface
water, overexploitation of ground water and deteriorating
quality of groundwater (salinity and nitrate are the major
problems). For this study, IRS Resourcesat-2 LISS-IV Mx
satellite imagery was used for detailed LULC, hydrogeological and geological mapping. watershed boundary,
flow accumulation, flow direction, stream ordering,
contour, slope-aspect, and hillshade have been prepared
using ESRI-ArcGIS-10.2 software with ArcHydro-Tool, and
Spatial-Analysis-Surface-Tool. Different thematic maps i.e.
LULC, geological, hydro-geological, depth-to-water level,
and water level fluctuation have been prepared by using
ArcGIS10.2 software.
Author has calculated annual groundwater increment,
annual ground water draft, and groundwater balance
through the ModelBuilder in ArcGIS-10.2 software. The
groundwater development has increased from 46.23 % in
2004 to 86.44% in 2013 and has categorized as dark zones.
This categorization is based on the data which shows that
groundwater draft is more than the dynamic potential
(annual replenishment). It leads to the conclusion that not
only the dynamic potential has been completely exploited
but ground water in-storage has also been exploited. In the
present scenario of incessant decline in groundwater
levels, the energy consumption for lifting the water has
increased drastically. Energy consumption can, however be
reduced if there is rise in water level which will occur when
additional recharge adds to the groundwater gradually.
This in turn, will also improve the quality of ground water.
In a nutshell, it can be said that the runoff conservation
would not only enhance the status of groundwater and
storage water but also the socio-economic condition of the
areas.
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1. Introduction
A study of groundwater development necessarily encompasses many aspects of surface water flow. Surface water occurs in readily
discernible drainage basins. The boundaries are topographic and may be easily delineated on a topographic map. The water
conveniently flows in the direction in which the land surface is sloping. Moreover, surface water does not cross topographic divides
(except, perhaps, during floods) and the location of the drainage divides are fixed. Ground water, on the other hand, occurs in
aquifers that are hidden from view. The development and management of groundwater is more complicated than that of surface
water. This more so because the occurrence, flow and recharge of groundwater is governed by many and varied forces and factors,
which may often not be manifest and detectable on the surface.

2. Study Area
The watershed area of Kakund River is 163.31 Sq. Kms and situated between 26.78 to 26.96 N latitude and 77.25 to 77.45 E longitudes
(Fig. 1). Though there are no main tributaries of the Kakund River, there are some small tributaries pouring into the river. The study
area is mainly drained by the Kakund River, a tributary of the Gambhir River, which flows primarily in an N-S direction showing
meandering pattern. A significant reservoir i.e. Baretha Lake covering 4.94 Sq. Kms is located on Kakund River, which is used for
storing rainwater for drinking and irrigation purposes in Bayana and surrounding areas. The major part of the watershed falls in
Bayana tehsil of south Bharatpur district. The main town Bayana is 48 Kms SW of the Bharatpur town, and is well connected by road
and railway network to Delhi, Jaipur and Agra. The study area falls in the sub-tropical and semi-arid climatic region. The average
annual rainfall in the area is 1049.76 mm.

Figure 1: Location Map of the Study Area

2.1. Rainfall
Rainfall is the main source of recharge to ground water. Therefore, a thorough study of rainfall distribution and its behaviour is
essential for water sustainability study. Long term periods (1993-2013) of 10 rain gauge stations have been statistically analyzed to
study the rainfall behaviour in the area. The average mean annual rainfall (1993-2013) works out to be 1049.76 mm. Most of the
rainfall occurred during the monsoon season, i.e. between Junes to September.
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2.2. Temperature and Humidity
0

May is the hottest month of the year with maximum temperature exceeding 45 C on several occasions. However, normal maximum
0
0
temperature of the district is 42.1 C for the month of May. A minimum temperature goes below 5 C quite often during winter i.e. in
0
December and January. The normal minimum temperature is 6 C in the month of January. The temperature start increasing from the
month of February till maximum is reached in the month of May or June.
In general, the relative humidity in the study area is moderate to high except during the summer period i.e. from March to June. The
normal relative humidity recorded at 8:30 in the morning is more than 60% in the non-summer months. The average relative humidity
is highest (78%) in August and lowest (25%) in April.

2.3. Drainage
A drainage basin is an extent of land where water from rain or snow melt drains down slope into a water body, such as a river, lake,
reservoir, estuary, wetland, sea or ocean. The drainage basin includes both the streams and rivers that carries the water as well as the
land surfaces from which water drains into those channels, and is separated from adjacent basins by a drainage divide. The area is
generally flat due to which the drainage density is also very poor. Drainage density in the northern and central parts of the watershed
2
varies from 1.0 to 7.0 Km / Km (Fig. 2).

Figure 2: Drainage Map, and Drainage Density Map

2.4. Soils
There is mainly Saline-Alkali soils under irrigation system is found in the study area. The problem of soil salinity and alkalinity is very
conmen in the watershed. The problems of impended drainage and salinity and alkalinity is more in irrigated are as (both well and
canal irrigation). This can be attributed mainly to the high salinity in ground water and shallow water table in certain areas.

2.5. Geology
The geological setup of the area is characterized by the occurrence of geological formations ranging in age from Proteozoic to
Quarternary. The study of geology, geomorphology and hydrogeological structural set up is very important for such an area as this
plays a significant role in guiding the occurrence and movement of groundwater which help in identification of the potential areas for
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groundwater development. The geology also guides the location of sites for construction of water conservation structures. The
presence of fractured zones within Granite, Quartzite and Sandstone constitute potential water bearing strata under favourable
hydrogeological conditions. The area is tectonically disturbed and a number of faults displacing different formations are well
discernible in this area. The study area comprises of the (i) Alluvium and Blown Sand, (ii) Dhaulpur Shale, and (iii) Upper Bhander
(Maihar) Sandstone (Fig. 3).

Figure 3: Geological Map

2.6. Hydrogeology
The exploratory boreholes data has been collected from secondary sources. These boreholes reveal information about subsurface
geology in the study area. Thickness of alluvium is about 100 m around Kaman River. There is predominance of clay which is found
mixed with kankar and little amount of gravels thus forming poor aquifers separated by clay layers in thickness from 3 to 25 m
(Saifuddin, 1999). Favourable modes of extraction of groundwater are through hand pumps, open wells and shallow tube wells. Since
canal irrigation is confined to a limited area in the north, most of the irrigation is done through shallow tube wells resulting in over
exploitation of shallow aquifers. Deep aquifers, semi-confined to confined, occur below 50 m depth to the bed rock (CGWB, 1996).
The general direction of flow of groundwater is from west to east (Umar and Absar, 2003). Depth to water table in the study area
shows wide variations and fluctuations as well. In the central part, i.e. in and around Baretha lake and along the valley fills water table
is very shallow i.e. 2-3 m below ground level (bgl). Most of the open wells in the plateau zone are reportedly dry; hence no definite
assessment could be made on the occurrence and fluctuation of the water table (Javed, et al., 2009).

2.7. Depth to Water Level
The depth to water level varies widely depending on topography, drainage system and geological set up of the area. In order to
monitor the depth to water level 13 Observation wells data collected from different sources in the study area. Pre and post monsoon
water levels were monitored during the Oct 2012 and May 2013. Based on the data so collected, depth to water level and water table
fluctuation map of all the study area were prepared.
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3. Data Used and Methodology
Table 1: Different Data Layers / Maps and Sources
S.No.
1.

Data Layer / Maps
Topographical Map

2.

Remote Sensing
Data

3.

Geological Map

4.
5.

Geomorphological
Map
Slope Map

6.

Drainage Map

7.
8.

Land Use / Land
Cover Map
Soil Map

9.

Ground Water

10.

Climatic Data

11.

Demographic Data

Source
- Topographical Map, Survey of India (1:50,000)
- No. 54 F / 05
- IRS (ResourceSAT-2) LISS-IV Mx satellite imagery with 5.8m spatial resolution (Year - 2013)
- IRS (ResourceSAT-2) LISS-III satellite imagery with 23.5m spatial resolution (Year - 2011)
+
- LANDSAT-7 ETM satellite imagery with 30.0m spatial resolution (Year - 2001)
- Bharatpur district geological map has been collected from GSI and updated through RS-2 LISS-IV
Mx satellite remote sensing data with limited field check
- Landforms & geomorphological map have been prepared by using satellite remote sensing
techniques with limited field check
- Slope map has been created using Spatial Analyst Extension in ArcGIS-10.2 software, and ASTER
(DEM) @ 30m spatial resolution / CartoSAT-1 (DEM) @ 30m spatial resolution
- Drainage network has been generated in GIS environment using ASTER (DEM) data, CartoSAT-1
(DEM) data and ArcHydro Tool in ESRI ArcGIS-10.2 software
- Land use and land cover map have been prepared by using IRS (ResourceSAT-2) LISS-IV Mx
satellite imagery, and it was verified through limited field check
- Soil map of Bharatpur district has been collected from National Bureau of Soil Survey and Land
Use Planning (NBSS&LUP) and updated through satellite data
- The well- inventory data has been collected from primary field survey & depth to water level
maps have been prepared & interpreted
- Climatic data i.e. rainfall, temperature, relative humidity have been collected from Indian
Meteorological Department (IMD)
- Census of India, 2011

4.
Result and Discussion
4.1. Water Management
Water management is the practices of planning, developing, distribution and optimum utilizing of water resources under defined
water policies and regulations. The availability of water is limited and water cannot be produced. All the water, which comes every
year, is in the form of precipitation, which includes rain, snowfall. The proper management of water resources is the need of the day
since the availability is limited while demand is increasing due to increase in population, better standard of living, thereby creating
huge gap between demand and supply.

4.2. Annual Groundwater Increment
To calculate the annual groundwater increment, the fluctuation method is adopted by taking the dug well inventory data into
consideration. Further, it may be noted that the annual groundwater increment is not only due to the rainfall but also the application
of surface water for irrigation. To use the fluctuation method, the area in between two contours of water table fluctuation (at two
meter interval in the present study), was determined by the graphical method. Then the area obtained is multiplied by the average
thickness of the fluctuation in the groundwater levels between the two contours. This gives the volume of the saturated aquifer
material occurring in between the contours. This saturated volume of the aquifer materials lying in between successive contour pairs
was summed up for all contours crossing an aquifer to get the total saturated volume of the aquifer materials.
The specific yield values for different aquifers given by A.R.D.C. (1979) and N.A.B.A.R.D. (1984) have been used in the calculation of
recharge which is given in Table 2.
Table 2: Specific Yield Values for Different Aquifers
S. No.
1.
2.
3.

Lithology
Alluvium and Blown Sand
Dhaulpur Shale
Upper Bhander (Maihar) Sandstone

Specific Yield (%)
06 - 12
02 - 03
02 - 03
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Then the total volume of the weathered material (within the pre and Post-monsoon fluctuation zone), is multiplied by the specific
yield to calculate the annual groundwater increment. Therefore, the equation used in calculation is as follows:
Annual Groundwater Increment (in hectare metres) = Volume of Saturated Material (in hectare meters) * Specific Yield (in
Percentage)
The data pertinent to this equation are given in below Table 3.
Table 3: Annual Groundwater Increment of Kakund Watershed
Water Level Fluctuation in m
00 to 02
02 to 04
04 to 06
Average Fluctuation in m
1
3
5
Area of Fluctuation (in hectare)
Alluvium and Blown Sand
1,033.34
356.78
216.80
Dhaulpur Shale
5,546.79
945.78
1,722.25
Upper Bhander Sandstone
3,333.31
1,456.12
497.93
Reservoir
494.04
Total
10,407.48
2,758.68
2,436.98
Volume of Rock Material in which fluctuation take place ( in Hectare)
Alluvium and Blown Sand
1,033.34
1,070.34
1,084.00
Dhaulpur Shale
5,546.79
2,837.34
8,611.25
Upper Bhander Sandstone
3,333.31
4,368.36
2,489.65
Reservoir
494.04
Total
10,407.48
8,276.04
12,184.90
Annual Groundwater Increment (in hectare m)
Alluvium and Blown Sand
93.00
96.33
97.56
Dhaulpur Shale
138.67
70.93
215.28
Upper Bhander Sandstone
83.33
109.21
62.24
Reservoir
4.94
Total
319.94
276.47
375.08

06 to 08
7

Total

145.89
536.36
45.90
728.15

1,752.81
8,751.18
5,333.26
494.04
16,331.29

1,021.23
3,754.52
321.30
5,097.05

4,208.91
20,749.90
10,512.62
494.04
35,965.48

91.91
93.86
8.03
193.81

378.80
518.75
262.82
4.94
1,165.31

A glance at the Table 3 brings out that the total annual groundwater increment for Kakund watershed works out to be 1165.31
hectare metres.

4.3. Annual Ground Water Draft
To calculate the annual groundwater draft by the different types of wells, the number of pumping hours has been recorded by
consulting the users and the average rates of discharge has been measured by Horizontal Jet Line Method for different wells. The
number of existing wells in the study area was sourced from the Land Record Office, Govt. of Rajasthan. The annual groundwater
draft has been calculated with the help of following equation.
Annual Groundwater Draft = Number of Wells * Average Rates of Discharge in KLPH * Number of Pumping Hours in a Year.
The results obtained are given in Table 4. The calculated annual groundwater draft in the study area is 320.66 hectare metres by all
types of wells.
Table 4: Average Rates of Discharges for the Different Types of Wells and Annual Ground Water Draft in Kakund Watershed
Average Rate of Discharge
Annual Water
No. of
S.
No. of Pumping
from Ground Water Bodies
Draft
Type of Wells
Mode of Lift
Existing
No.
Hours in a Year
Wells
in GPH
in KLPH
(in Hectare M.)
A.
Dug Well
1 Domestic
Bucket
35
90
0.34
500
0.60
75
3000
11.36
1000
85.17
Irrigation-Cum Diesel Pump
2
-Domestic
Electric Pump
125
3500
13.25
1050
173.89
B.
Bored Well
Hand Pump
25
160
0.61
600
0.91
1 Domestic
Electric Pump
35
2500
9.46
400
13.25
2 Irrigation cum Electric Pump
40
4000
15.14
750
45.42
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C.
1

- Board well
(Submersible Pump)
Dug - Cum -Bored Well
Irrigation Electric Pump
Cum-Domestic
Total

150

250

485

0.95

100

1.42
320.66

4.4. Groundwater Balance
A study of groundwater balance is essential in order to evaluate total groundwater potential of a watershed. Water balance of an area
is defined by the hydrologic equation, which states that in a specified period of time all water entering in a given area must be
consumed. It can be calculated by using following equation.
Groundwater Balance

=
Net Annual Recharge - Net Annual Draft
=
1,165.31 - 320.66 Hectare Metres
=
844.65 Hectare Metres
Calculations show that the net annual groundwater utilization (draft) approximates to 320.66 hectare metres whereas the net annual
recharge approximately determined amounts to be 1,165.31 hectare metres. Therefore the balance of groundwater available for
future development in a year works out to be 844.65 hectare metres.

4.5. Groundwater Management
Water is essential component for human life and from fresh water resources, groundwater contributes 24%. Population growth and
development programs have led to intensive utilization and haphazard exploitation, as well as irrigational tactics have resulted in
depletion, and water-logging problems in the various areas. Thus management of groundwater is felt very necessary because it mainly
concerns about optimal, economical utilization of the valuable resource without disturbing hydrological equilibrium. Burdon (1972)
had defined Technical management and Overall Integrated management. Technical management includes unit study of watershed
and its technical consideration and method of natural recharge, aquifer characteristics, quality etc. Over all integrated management
cover wider aspect of groundwater, integrated with its resources and policy related to its development (economic, social and
financial). In a way it also includes basic work of technical management associated with various policies (plus environmental) for
existing water resources and their optimal utilization.
The various authors have suggested number of principles for groundwater management and these are summarized in Table 5.
1.
2.

3.

4.
5.
6.

Table 5: Various Principles for Groundwater Management
Identification of various problems related to groundwater (quantitative, qualitative, social, economic, environmental etc.)
and hazard (subsidence, water logging etc.) and alternatives
Groundwater Development and
Basin, Reservoirs dimension, boundary, hydro-meteorological set-up
Policy
Hydrodynamic condition
Aquifer characteristics
Natural recharge, stream flow
Water quality
Yield, storage & overdraft.
Geophysical and other data
Groundwater Model Generation
Mechanism of operation of G.W. reservoir
Prediction of response for future condition
Carrying out research work
Method of optimal utilization within balanced condition
Monitoring the parameter without affecting the others
Implementation of recommended policy (Safe distance, numbers of tube well, avoid overdraft etc.)

Proper groundwater resource management of a basin requires various data like hydro meteorological, hydro-geological and
geophysical, which can be studied in more detail for modeling using GIS technique. Application of computer now provides a better
scope in groundwater management.

4.6. Proposed Groundwater Management Plan
4.6.1.

Gully Plug
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In the non-arable land, soil conservation is carried out by growing vegetative contour hedges with furrows and plugging of all gullies
st
on the 1 order stream. Gully plugs are the smallest soil conservation structures built across small stream in hill slopes. The sites
proposed for the gully plugs are shown in Fig. 4. Although, the gully plugs are soil conservation structures, they also help in
maintaining the soil moisture with enhanced recharge to ground water storage. The average storage capacity of a gully plug is
considered as 0.005 mcm. 37 sites for gully plug have are proposed in the study area.
4.6.2.

Check Dams
nd

Check dams and earth dams built across 2 order streams in which stored water is confined to stream courses. These structures also
facilitate the recharge to groundwater storage. Check dams are 10 to 5 m long and 2 to 3m high, with width 1 to 3 m, constructed in a
trapezoidal form. For the foundation of core wall a trench is dug 0.6 m wide in hard rock or 1.2 m in soft rock and cement wall is
constructed 0.6 m wide to the height of at least 2.5 m above the streambed. The core wall is buttressed on both sides by a bund made
up of local clays with stone pitching done on the upstream side. The average storage capacity of a check dam is 0.01 mcm but during
monsoon due to multiple fillings, the gross storage capacity is considered as 0.03 mcm (Romani, 2000). 15 Sites for check dam
proposed for the study area are shown in Fig. 4.
4.6.3.

Masonry Dam

The masonry dam constructed across the major streams or rivers to impound water for irrigation in the adjoining villages. Masonry
dam can be constructed with iron, stones, cement and concrete material. The average storage capacity of a masonry dam is
considered as 0.2 mcm. 1 site for masonry dam have been proposed and shown in Fig. 4.
4.6.4.

Village Ponds and Tanks

These are ponds/tanks in or around the villages to collect the rainwater for domestic purpose throughout the year. Village ponds also
recharge the aquifer in many places, which in turn sustains the dug wells (Thomas, 1999). There are 6 village tanks in Kakund
watershed.
In the watershed, most of the village ponds are either dry or dwindled due to silt deposition. The average recharge capacity through
village ponds and tanks is considered as 0.01 mcm.
4.6.5.

Percolation Tanks

These are the tanks built in the watershed reaches to harvest rainwater through which water percolates into the ground and
recharges aquifers in the downstream area. The artificially developed surface water body is the percolation tank, which facilitates the
percolation of surface runoff or harvested rainwater into the ground water storage by submerging in its reservoir a highly permeable
land area. The tube wells and dug wells in the downstream are better sustained due to recharge through these percolation tanks.
The percolation tank should be constructed by earth material with masonry structure only for spillway. Normally the storage capacity
of a percolation tank is 0.1 to 0.5 mcm. The average storage capacity is generally considered as 0.2 mcm. Based on the hydrogeological studies, 8 appropriate sites have been proposed for percolation tanks, shown in Fig. 4.
4.6.6.

Recharge through Dug Wells

The abandoned dug wells can also be used for recharge of groundwater in the study area. There are many dug wells dry and
abandoned due to declining of water table. If these abandoned dug wells in 10 villages are converted into recharge shafts, 0.100 mcm
water can be augmented in the aquifer system in Kakund watershed.
S. No.
1.
2.
3.
4.
5.
6.

Table 6: Estimated Quantum of Recharged Water by Proposed Structure
Structures
Numbers
Storing Capacity (MCM)
Gully Plugs
37
0.005
Check Dams
15
0.030
Masonry Dams
01
0.20
Village Ponds and Tanks
06
0.010
Percolation Tanks
08
0.200
Recharge through dug wells
10
0.010
Total

Page 8 of 10

Recharge (MCM)
0.185
0.450
0.200
0.060
1.600
0.100
2.595

th

14 Esri India User Conference 2013

Figure 4: Proposed Ground Water Management Plan

5.

Conclusion

The study has demonstrated the utility of remote sensing and GIS techniques in ground water management, as well as land use - land
cover, hydro-geological, depth-to-water level, and water level fluctuation and geological mapping. ESRI-ArcGIS-10.2 software is very
useful to delineating of watershed boundary, flow accumulation, flow direction, stream ordering, contour, slope-aspect, and hillshade
The annual groundwater increment in the area is 1,165.31 hectare metres and the annual groundwater draft is 320.66 hectare
metres. Hence, the balance of the available groundwater for exploitation is works out to be 844.65 hectare metres every year. Most
of the groundwater gone is the effluent seepage during the summer through the Kakund River and other effluent streams.
The future development of groundwater can be done by construction the new wells such as dug wells shallow tube wells, dug-cumbore wells, deep tube wells, etc. The renovation of village ponds, the construction of stop dams, recharge shafts would be necessary
to arrest the draining of surface water resources from the basins. The percolation tanks, and recharge shafts are especially
constructed for the augmentation of groundwater resources. However, stop dams and village ponds may also function as recharge
structure at some places in the area. In the Kakund watershed, 37 gully plugs, 15 check dams, 1 masonry dams, 6 village ponds &
tanks, 8 percolation tanks, and 10 recharge dug wells have been proposed. The estimated quantum of recharge from the proposed
structure would be order of 2.595 mcm.
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