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Abstract

This is a study of location-specific rainwater harvesting techniques from the past to the present. To evaluate ancient methods of water harvesting/conversation, large-scale experiments were laid out using essentially two modern methods: spreading and water injection. The spreading techniques comprised of slopes, trenches, ponds, percolation tanks, etc., whereas injection techniques comprised of augured piles, dug wells, injection of water through tube wells, roof water collection and pouring it into tube wells.

In an area of 250 hectares, slopes along roads, trenches in and around the cultivated fields of 2 to 3 hectares, small ponds in low lying areas, percolation tanks for small catchments were developed. Water recharge in the deep aquifer through such spreading techniques was found to contribute around 23 % of rainwater available for conservation. An innovative Indore technique was applied to abandoned dug wells by pouring in runoff water. Round hole piles with a diameter of 22 cm and 2 to 3 m deep were augured and filled with pebbles and sand in places such as parking lots, gardens and empty areas. During the monsoon season, when surplus clean water was available on the surface or in dug wells, water was injected in the tube wells up to a depth of 30 to 50 meters with the help of motor pumps. The deep aquifer accepted water to its full capacity. Abandoned tube well bores and dug wells were used for pouring collected roof water. All these injection techniques contributed 77% of artificially recharge ground aquifer.

The estimated average recharge index over a period of nine years was 2,25% more. Simultaneously the integrated techniques of water recharge were extensively adopted by several industrial units and became part of a national watershed programme. This shows the current relevance and cost benefits of micro-minor methods of water conservation and ground water recharge.

Ancient water conservation practices
Rainwater is a precious gift of nature. Ancient cultures flourished near potential water resources. Findings on water as described by Varahamihira in the 5th Century AD at Ujjain in Central India withstood scrutiny and verification on the scale of modern scientific norms. The technology of constructing wells, infiltration galleries, Kanat, Kundis - underground tanks, roof water harvest, networks of ponds, tanks, stop dams have been developed in India, Iran, Italy, China and in many other old civilisations.

Underground baked earthen pipes/ tunnels, with masonry hallow pillars to maintain the flow of water with gentle gradient, suction and gravity without any external source of energy, are still functional at Burhanpur in Madhya Pradesh, India, at Golkunda and Bijapur in Karntaka and at Aurangabad to transport water to a distant place.

The study of ancient rainwater harvest techniques and their impact on civilisation, convinces one that ancient and modern systems can function simultaneously without any conflict. To support this contention, the experiment was undertaken, the details of which are as follows.

Rainwater harvest
Rainwater needs to be collected and conserved during the short span of the rainy season. Adoption of location-specific micro-minor measures in an integrated manner at the JNKVV College of Agriculture, Indore, Madhya Pradesh, India and also adopted by several industries at Dewas and Pithampur in M.P. has imparted encouraging results. Attempts have been made to assess the contribution and economics of each of the techniques, and their implications, in brief, with reference to JNKVV are as follows.

Ground water - invisible source
Ground water usually has the great advantage over surface water, as it is free from pathogenic organisms. Moreover, in the arid and semiarid regions, surface water evaporates at a faster rate, leaving concentrated salts on the surface. However, ground water too is not always available and the amount that can be withdrawn is usually limited. But under suitable situations it is possible to supplement the natural recharge of ground water aquifer so as to add to its capacity. Ground water is an invisible source; it is a sort of reserve fund.

One of the ancient practices of tapping ground water is through wells. With the sinking of deep tube wells, in recent years, most of the dug wells dried up and had to be abandoned; in many parts of India such dug wells were utilised in which to pour runoff water to recharge ground water.

Ground water recharge by dug well

The water recharge techniques through a dug well clearly indicate that the recharge of ground water through dug wells was the most effective measure. This method was found to be very economical, as diverting water into the well through trenches provided with filters cost around Rs.3000/- to Rs.4000/- per well and the yearly maintenance was also not much.

Roof water harvest
Rainwater after a first shower is moistly free from any contaminants. Roof water harvest was found to be effective in recharging ground aquifers. Collection of water from the roof and pouring into well/tube well cost around Rs.500/100 m2. 

Tube well injection
Clean water collected in a dug well was pumped into the deep aquifer of a tube well using electric motor pump at the rate 9,000 gallons per hour. It accepted water until it filled to capacity. The method was found to be useful in arresting and raising water table.

Percolation tanks
The cost of percolation tank and ponds was around Rs. 70,000/-. Expenditure incurred in making trenches around the fields and the cost of deepening of collectors and their bunding at a distance of 30-40 m, required an expenditure of about Rs. 1000/- per hectare.

Trenches & drilling of holes
The possible contribution of trenches in recharging ground water appeared to be quite low, but increase in water holding capacity in increasing production was quite perceptible. Drilling of holes of 25 cm diameter to a depth of 2 meters filled with pebbles and sand cost around Rs.100/- per pile hole. Such measure enhances infiltration of water in the deeper soil profile.

Water recharge by spreading vs. injection method
The various measures adopted to augment the ground recharge mainly comprised of water spreading and water injection. The details of each technique and its possible contribution in augmenting the water recharge revealed that an individual contribution was quite low. However, overall contribution of spreading versus water injection techniques revealed that the spreading techniques contributed around 23 %, whereas the injection techniques contributed 77 %, of the artificially recharged ground aquifer.

Cost
The total cost of the project, which was implemented in a phased manner, was around Rs.1.5 lakh (Rs. 4/m3 of water). The yearly maintenance cost was found to be less than 3 per cent of the cost of the whole project.

Index of recharge
The index of overall recharged water was used as a comparison of the draft prior to adoption of various measurers of recharge since 1990-91. The average draft from ground water since 1990-91 was calculated to be 49,250 m3, i.e.2.25 times more in comparison to 21,710 m3 draft available prior to adoption of artificial recharge techniques. The effective recharge in this technique was found to be around 65 per cent. (Table 1). 

Table -1 Artificial Water Recharge & Annual Draft at College of Agriculture, Indore 

(Madhya Pradesh)

Year 
1988-90

2 Yrs
90-91
91-92
92-93
93-94
94-95
95-96
96-97
97-98
98-99 up to Nov
Mean

Total Precipitation in meters
0.852
1.090
0.745
0.550
1.060
1.440
0.957
1.320
1.186
0.969


Water Recharge method
Natural

Recharge
Artificial Water Recharge m3

Trenches/ Collector
-
-
7930
2293
9460
13480
8295
12710
10185
9000
9166

Percolation tank / pond
-
6250
4870
2250
6100
7500
3396
6910
6965
4500
5415

Roof Water (Area 300 m2)
-
-
-
96
250
380
245
310
195
200
239

Dug well
-
40556
30430
13245
43750
55770
36750
49585
46370
40500
39773

Tube Well (injection @ 4 litres/ second
-
-
1220
-
1395
2275
1630
-
-
-
1630

Augured Pile Holes 2 m depth
-
-
-
-
-
115
95
175
105
105
119

Total
-
46816
44450
17884
60955
79520
50411
69690
63820
54305
55442

Annual Draft
21710
55100
50300
32250
68920
62350
42270
55485
52785
45025
49250

Average increase in draft
-
-
-
-
-
-
-
-
-
-
27540


NOTE: US 1$ = Rs. 42.50

Results
The need of artificial recharge of ground water with reference to Malwa Plateau of Central India has been seriously felt, as most of the ground water basins reach faster to a critical stage of depletion adversely affecting the yield of crops and eco environment.

The present study also revealed that the hydrological situation in basaltic terrain varied widely. Therefore, the technique to be adopted depends on the basis of the study of their nature. Study of potential wells and tube wells for the purpose of artificial recharge proved to be quite effective in increasing ground water reserve.

Trenches in and around the fields, ponds, tanks, augured pile of around 2.5 m. depth filled with pebbles and sand also proved to be effective in augmenting ground water recharge.

Benefit 

Cost ratio is calculated by Annual benefits divided by Annual cost, Major structure (like wells, tube wells, tanks, etc) and artificial recharge techniques adopted in such structures remain effective for at least 25 years. The yearly cost in the present study is computed to be around Rs.15,000/- which includes depreciation, interest on the capital invested and annual maintenance cost. The increase in draft by 27,540 m3 could provide one irrigation in about 50 ha of additional land area. Additional availability of water made it possible to give one life saving irrigation to Kharif crops in drought years. Moreover, it was possible to raise Rabi crops (through with only one irrigation). It also increased production to the extent of 25 to 30 per cent. The cost of the water for one irrigation (along with operation cost) is estimated to be around Rs.600/- per ha. If only the increase in production by 2 to 3 quintals/ ha is accounted for, then on an average the benefit earned per irrigation per hectare is around 3 to 4 thousand rupees.

On the basis of experience gained at JNKVV, Indore, and industries at Dewas and Pithampur, Madhya Pradesh, India, it can be concluded that the techniques of rainwater harvest have a relevance even in the modern era and their use in artificial recharge of ground water in the Peninsular basaltic terrain of Malwa Plateau is cost effective. The judicious use of artificially recharged water make it possible to give life saving irrigation to Kharif crop or make it possible to harvest a Rabi (Winter) crop in a dry land area. Rainwater harvest has been adopted even with great advantage in urban area and by industries.
