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Abstract

Water is a precious asset of humanity. A well managed society is one that knows how to treat its water with care, prudence and respect. Keeping in view this dictum, the present study has been carried out pertaining to Jaipur, the internationally famous pink city of India which falls in the semiarid region and is situated very close to the eastern fringe of the Thar desert. The present requirement of water for domestic agricultural and industrial needs are met mainly by the subsurface water resources which is increasingly under great stress due to exponential growth in population, urbanisation, industrialisation and modernisation in agriculture and irrigation practices. The water table of the region is showing a declining trend which is evident from the fact that the water level declined during the period 1987-91 on an average of 1.25 m per year as compared to 0.47 m per year during the period 1981-87. Pollution and fluoride contamination has further worsened the situation. 

Integration of Remote Sensing Technology with meteorological data provides a reliable, accurate and updated data base on land and water resources which is also a prerequisite for an integrated approach in identifying runoff potential areas and to identify the suitable sites for rainwater harvesting. 

The present study, which is based on remote sensing data and a very limited field check, is a small case study with a sole objective to identify more runoff potential zones for planning of rainwater harvesting in Jaipur in western India and its hinterland, mainly to increase the ground water resources. Jaipur lies in the north east part of Rajasthan at 26 degree 55 minute North latitude and 78 degree 48 minute East longitude. Arawalli hills, one of the oldest on the globe, surrounds the city on the north and east sides. The rock types of the area are Quartzites and Phyllite belonging to Delhi Supergroup which is overlain by the quaternary and recent sediments. The Dhund river, which is an ephemeral river system, passes through the city and its hinterland. The methodology adopted in the present study consists of the preparation of various thematic maps using the high resolution satellite data, including Spot and IRS data, coupled with ground truth data. Using the existing model, water balance was computed, runoff potential zones were identified, and sites for rainwater harvesting were proposed. The areas with different recharge possibilities, such as highly favourable, moderately favourable, less favourable and poor were categorised. The sites for the construction of dikes has also been precisely located, which if effected may significantly recharge the groundwater reservoir by tapping the rain runoff water. The outcome of this study may be replicated in a somewhat similar terrain condition.

Introduction

In tropical countries like India, the water availability and demand varies due to exponential growth in population. The water table around Jaipur has shown a declining trend which is evident from the fact that the water table declined in recent years on the average of 1.25 m. per year. Thus inequitable demand of water in time and space has further made the matter more complex both for planners and users (Mehta et al, 1994). The only alternative is to recharge groundwater with the help of rainwater harvesting. The success of such recharge structures and its location depends on correct evaluation of hydrological parameter and the delineation of the groundwater potential zones. The Remote Sensing based methodology has been adopted in the identification of suitable sites for rainwater harvesting structures (Rao et al, 1993). Looking to this, Jaipur and its hinterland, and its calls for immediate attention, was chosen for the present study using Remotely Sensed data.

Study Area

The Study area which comprises Jaipur and its hinterland, falls on the Survey of India Toposheet No. 45 M/16 and 45 N/13 having latitude 26 degree 50 minute and 27 degree 12 minute North and longitude 75 degree 45 minute and 75 degree 58 minute East, covering an area of 1035 sq. Km. (approx.). The area has a semiarid climate with an average annual rainfall of 588 mm and is predominantly occupied by quartzites and phyllites of Delhi Supergroup and the alluvium deposits. The meteorological parameter are shown in Table 1. The main drainage system of the area is the Dhund river basin which is ephemeral in character.

Methodology

The study is mainly based on visual interpretation of IRS LISS II and Spot data to derive information on geology, geomorphology, lineament and hydrogeomorphology of the area. By integrating this information along with drainage density, lineament intensity, and their intersections, feasible artificial recharge sites have been proposed for the rainwater harvesting structures.

Morphometric analysis of Dhund River Basins has been done separately. The water balance study of the Jaipur region has been made which is shown in Table 2.

Geology

The study area mainly comprises of two litho-units i.e. Quartzites of Delhi Supergroup and Alluvium deposits of Quaternary formation. A small patch of Granitic Gneiss of Bhilwara Supergroup has been also observed in the southern part of the basin. Lineaments of the area reveals that the rocks of different age groups of the area are structurally controlled. Such features control the occurrence and movement of groundwater.

Geomorphology

Geomorphology of any basin/area has a greater control on the occurrence and movement of groundwater. The study reveals that the framework of this area is being constituted by buried channel, linear ridge, valley fill, buried pediplain, gullies and sand dunes complexes. Geomorphic unit and their hydrological characters of the area are shown in Table 3.

The morphometric analysis of the Dhund river basin have been done for both Linear and Areal aspect. The Bifurcation ratio of sub-basin ranging between 3 to 11. Maximum value of Bifurcation ratio reveals that the drainage pattern is affected by the geological structure. Drainage density has an immense control on runoff and infiltration. The higher value of the drainage density reveals that the runoff is greater and the infiltration is minimum. Infiltration Number also reveals that lower will be the infiltration and higher will be the runoff. Thus, the maximum rainwater will be drained out due to runoff.

Rainwater Harvesting Structure And Artificial Groundwater Recharge 

In this area groundwater occurs in both under unconfined and confined to semi-confined conditions. In Jaipur there is a wide range in depth to the water table and it ranges from less than 5 m. bgl (around Jalmahal) to more than 33 m. bgl (around Jhotwara).

In the present study, rainwater harvesting structure for augmentation of groundwater resources has been proposed on the basis of the characterisation of drainage density, lineament intensity, lineament intersections, lineament drainage intersections, lithological, and geomorphic set-up, hydrogeomorphic units, lineament controlled drainage courses, soil thickness and channel confluence.

On the basis of the aforesaid studies, suitable sites have been identified for various rainwater harvesting structures such as check dams, plugged dams and tanks to augment the groundwater resources depending upon the morphological set-up. All structures are recommended on 2nd and 3rd order streams ( Fig.1). The capacity of each structure will be less than 5-10 MCM. At a few places, constructions of sub-surface dikes have also been suggested in those areas where the water table is very near to the surface (Fig.2).

Conclusion

Remote sensing data is very much helpful in the identification of different geomorphic units and their lithology and hydrological characters. In the present study, highly elevated areas are beyond the approach, while low lying valley and plain areas are very much suitable for rainwater harvesting structures for sustainable development of Ground Water Resources with time and space. 
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TABLE 1

CLIMATOLOGICAL PARAMETERS OF JAIPUR REGION

Annual Rainfall



        
588 mm

Maximum Temp. during summer 

44 degree C

Minimum Temp. during winter          

8.3 degree C

Relative Humidity (8.30 Hrs.)     


53 %

Relative Humidity (17.30 Hrs.)    

37%

Wind Speed                        


12.4 Km / hr.

Data source: IMD, India and District Gazetters.

TABLE 2

GROUND WATER POTENTIAL, EXTRACTION AND BALENCE OF JAIPUR REGION

 Area of District    



11061.44 sq.Kms.

Total area of Potential Zones   


9994.67 sq.Kms.

Annual Recharge from Rainfall  


655.06 MCM

Annual Recharge from other source   

154.03 MCM

Annual Natural Discharge     


40.45 MCM

GW Draft for Irrigation       


992.16 MCM

GW Draft for Domestic and Industrial use  
133.58 MCM

Existing Gross GW Draft                    

1125.74 MCM

GW Allocation for Domestic & Industrial as on 

2025 AD



           341.45 MCM

TABLE 3

GEOMRPHIC UNITS , HYDROLOGICAL CHARACTERS AND RECHARGE STATUS

_____________________________________________________________________________
Sl.No.
Geomorphic 
Lithology
Hydrological Characters
Recharge Status

             Units   _____________________________________________________________________________


   1.
Burried

Sands, Alluvium Low runoff / High infiltration
Moderately favorable

          
Channel (bc)
Silts, Clays

_____________________________________________________________________________

   2.
Linear Ridge 
Quartzite  
High runoff / Low infiltration
Less favorable


(LR)

_____________________________________________________________________________

   3.
Valley Fill   
Boulders,
High runoff / High infiltration
Highly favourable

             (VF)              
pebbles                                        




Clays,Stones

_____________________________________________________________________________

   4. 
Burried -     
Alluvium, clays,
Low runoff / Moderate

Moderate to less                                                                                                                                                                    
Pediplain           Silts, Sands    
infiltration


favorable





(Bpp)

_____________________________________________________________________________

   5.
Gullies      
Clays, Sands  
High runoff / Low infiltration
Less favorable

            (gl)                    
Alluvium

_____________________________________________________________________________

   6.
Sand Dunes  
ClayiSands  
High runoff /Low infiltration
Less favourable.



(sd)
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