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Abstract— Water Scarcity is serious problem throughout the 

world for both urban and rural community. Urbanization, 

industrial development and increase in agricultural field and 

production has resulted in overexploitation of groundwater 

and surface water resource and resultant deterioration in 

water quality. The conventional water source namely well, 

river and reservoirs, etc. are inadequate to fulfill water 

demand due to unbalance rainfall. While the rainwater 

harvesting system investigate a new water source. The aim of 

the present study is to use rainwater and thus taking close to 

the concept of nature conservation. In this study, the rain 

water harvesting system is analyzed as a alternative source of 

water at area of Mumbai Metro Rail. The expected outcome 

of the study is the development of rainwater harvesting 

system for catchment area of Metro Rail Over Head Bridge, 

Station, Parking and Roads. 
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I. INTRODUCTION 

Rainwater is a source of high quality water that is available 

every rainy season and has the potential to reduce the pressure 

on the use of fresh water resources. The concept of rainwater 

harvesting is a technology that has been long enough and can 

be used to supply water, reducing the burden of the aquifer 

and surface water and prevent flooding. Several years ago, 

Rainwater Harvesting is only used as an alternative to 

compliance in areas of water shortage. Along with 

technological advances and increasing environmental 

awareness of the human will, RWH concept began to be used 

as an alternative source of water to meet the needs of either 

the main or additional source of water. The concept of RWH 

can be applied to large or small catchment area scale. 

Rainwater harvested from roofs can still be used for drink, 

cook and bath since has a quality that is not much different 

than the water coming from the taps. 

 Rainwater Harvesting system is a method that can 

be used to prevent flooding and reduce the use of 

groundwater. Many studies were conducted related to the 

implementation and development of Rainwater Harvesting 

systems in commercial buildings and households in urban 

areas. 

A. Operational definition of terms 

 The term Rainwater Harvesting is usually taken to mean 

the immediate collection of rainwater running off 

surfaces upon which it has fallen directly. This definition 

excludes run-off from land watersheds into streams, 

rivers, lakes, etc. 

 It includes water that is collected within the boundaries 

of a property, from roofs and surfaces. 

 The Rainwater harvesting is the simple collection or 

storing of water through scientific techniques from the 

areas where the rain falls. It involves utilization of rain 

water for the domestic or the agricultural purpose. The 

method of rain water harvesting has been into practice 

since ancient times.  

B. Techniques of rain water harvestings: 

 Storage of rainwater on surface for future use:  

 The storage of rain water on surface is a traditional 

techniques and structures used were underground tanks, 

ponds, check dams, weirs etc. 

 Recharge to ground water: the collected rainwater is 

transferred to the ground through suitable means for 

recharging the depleting aquifers. 

C. Structures generally used 

 Pits: - Recharge pits are constructed for recharging the 

shallow aquifer. These are constructed 1 to 2 m, wide and 

to 3 m. deep which are back filled with boulders, gravels, 

coarse sand. 

 
Fig. 1: Percolation Pit 

 Trenches: - These are constructed when the permeable 

strata is available at shallow depth. Trench may be 0.5 to 

1 m. wide, 1 to 1.5m deep and 10 to 20m. Long 

depending up availability of water. These are back filled 

with filter materials. 
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Fig. 2: Recharge Trenches 

 Dug wells: - Existing dug wells may be utilized as 

recharge structure and water should pass through filter 

media before putting into dug well. 

 
Fig. 3: Recharging of Dug Wells 

 Recharge wells: - Recharge wells of 100 to 300 mm. 

diameter are generally constructed for recharging the 

deeper aquifers and water is passed through filter media 

to avoid choking of recharge wells. 

 
Fig. 4: Recharge Wells 

 Recharge Shafts: - For recharging the shallow aquifer 

which are located below clayey surface, recharge shafts 

of 0.5 to 3 m. diameter and 10 to 15 m. deep are 

constructed and back filled with boulders, gravels & 

coarse sand. 

 
Fig. 5: Recharge Shafts 

II. REVIEW OF LITERATURE 

A. General 

This reviews recent literature on rainwater harvesting and its 

potential application for Mumbai Flood and Water 

Requirement. Some articles published between were found, 

all of them revealing an awareness of the increasing need for 

rainwater harvesting and recognition of its potential. 

 A definition of rainwater harvesting is presented on 

the basis of three characteristics common to it: arid to semi-

arid climate, local water, and small-scale operation.  

B. Literature Summary 

Related to the project topic, a brief review of investigations, 

design parameters and theories by many people has been 

reported in this chapter and summarized as follows: 

1) Dr. K. A. Patil and G. K. Patil describe advantages of 

rainwater harvesting i.e. its cost effectiveness and 

improvement in quality of water. The paper also deals 

with methods of rainwater harvesting. The paper 

concludes that it is the responsibility of Government as 

well as every individual to harvest every drop of water 

falling on earth. 

2) R. K. Parghane , S. P. Kulkarni & A. W. Dhawale in the 

paper entitled Rainwater Harvesting and Recharging 

Groundwater. In this paper various rainwater harvesting 

techniques are discussed. The paper discusses amount of 

rooftop rainwater that can be harvested for a small family 

and also the recharging methods of harvested rainwater. 

3) P. K. Singh, Bhaskar Singh and B. K. Tewary focuses in 

brief about the components of the roof top rain water 

harvesting structure, types of recharge structures and the 

benefits of the system. 

4) Er. L. K.Bisoyi describes factors that are to be taken into 

consideration for rainwater harvesting practices and also 

international as well as national initiatives that are taken 

for harvesting water effectively. 

5) S. R. Asati and Abhijit Deshpande deals with various 

facts and figures of groundwater depletion. The paper 

describes critical groundwater deficit problems observed 

in various states of India. It also describes structures used 

for rainwater harvesting 

6) S. K. Sinha describes different design for trenches and 

pits and methods for harvesting rainwater. 

7) R. M. Dhoble and Dr. A.G. Bhole describes the need for 

harvesting water giving the different advantages and 

disadvantages of the same. The paper also describes 

various components of RWH system and also description 

of various filters including sand filters, Dewas filter etc. 

III. OBJECTIVES OF PROJECT WORK 

The main objectives of Rainwater Harvesting are 

1) To Study Mumbai Metro Rail for Rain Water Harvesting. 

2) To obtain Data of : 

a) Rainfall in Catchment Area 

b) Ground Water Table Depth 

c) Annual Runoff 

d) Catchment Area 

3) Analysis of Collected Data and Study of Drainage 

System. 
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4) Design of Direct Storage tank and Ground Water 

Recharge system for rainwater harvesting. 

5) Cost estimation of Designed Rainwater Harvesting 

System. 

6) Identify the suitability of designed Rainwater Harvesting 

System. 

IV. METHODOLOGY 

 
 In this step, the main criteria and sub-criteria are 

arranged in a multi level hierarchical decision structure. In 

this study case, the objective of the Rainwater Harvesting 

represents the table. The table contains the main criteria for 

the assessment. These criteria define the aspects by which the 

intervention is assessed e.g., how it fits within the local 

conditions (climate, drainage length and landscape), 

functionality and reliability based on the engineering design, 

and socio-economic aspects. The sub-criteria used to measure 

the performance of each main criterion are represented in the 

level. Figure shows the structure of the applied methodology 

for our case study. 

V. STUDY AREA 

 

Fig. 6: Study area 

 
Fig. 7: Study Area Land used Map 

VI. MUMBAI METRO LINE I (VARSOVA - ANDHERI – 

GHATKOPAR) 

A. Overview of Mumbai Metro Line 1 

1) Versova-Andheri-Ghatkopar Metro corridor is 11.40 km 

elevated corridor. 

2) This corridor provides much needed transverse 

connectivity to Mumbai in East West direction. 

3) There are total twelve New Station along this metro 

route. These twelve new stations have provided twelve 

nodes for development. 

B. Project Features of Mumbai Metro Line 1: 

1) Length of the route : 11.07 km (Elevated) 

2) Car Depot /Area: D. N. Nagar (13.8 Ha.) 

3) No. of stations : 12 (Elevated) 

4) Length of the Platform(6 Coaches) : 135 m 

VII. STATION BUILDINGS 

D N Nagar grid spacing of stations is 15m + 17m x 9 + 15m 

= 183m. Total length of station is 185m. The overall width of 

station is 20.5m.  

 

 

VIII. LAND FOR CAR DEPOT 

Two sites for locating the proposed depot were examined. 

One was at Vikhroli, from the large vacant plot owned by M/s 

Godrej and which is reserved for “Exibition Grounds” in the 

D. P. Total area of the land is about 20 hectares. Other large 

open plot is available near the junction of J. P. Road and Link 

Road near D. N. Nagar. The available land area is about 13.8 

hectares. It is reserved as “Sewage Disposal Plant” in the 

Development Plan. We are of the view that the location near 

D. N. Nagar is more appropriate and is recommended. 
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However the land at exhibition ground is to be acquired for 

future use. 

 
Fig. 8: D N Nagar Car Depot Map 

 

A. Land for Traction and Received Substation and Radio 

Towers 

Two RSSs are proposed to be located for this corridor One in 

D. N. Nagar depot area and another at Marol Naka station. An 

area of 550 sqm (22X25) has been earmarked at each 

location. Similarly, two radio towers are also being proposed 

to be located at these locations occupying an area of 100 sqm 

(10 m X 10 m) for each radio tower. 

 
D N Nagar Car Depot 

List of Building for the D N Nagar Depot 

Sr No Name Of Building 
Rooftop area 

(M2) 

1 Inspection Shed 2400 

2 Associated Sections 480 

3 Sun Shade roof 9157 

4 DCOS Stores & offices 1806 

5 Elect. Substation 550 

6 ETU Shed cum 2400 

7 Cycle & Scooter Stand 150 

8 Coach Washing Plant 300 

9 Washing Apron 910 

10 Blow down plant 434 

11 P. Way office 1600 

12 Security office 312 

13 Check Post 47 

14 Pump House 40 

15 Work Shop 600 

16 Canteen 400 

17 Compressor Room 144 

18 D N Nagar Station 3793 

19 Overhead Bridge Area 3500 

B. Collected Data 

 Car Depot Catchment area  

1) Rooftop area =21730 m2 

2) Open area =138000 m2 

 D N Nagar Station & Overhead Bridge 

1) Rooftop area =7293 m2 

2) Open area =14043 m2 

C. Weather Condition 

 General Information 

Temperature: Maximum- 32.2°C; Minimum - 16.3°C 

Normal Annual Rainfall : 1800 mm to 2400 mm 

 Soil Type  

Medium to deep black and reddish soil 

 Hydrogeology 

 Pre monsoon Depth to Water Level: 2.65 to 4.25 m bgl  

 Post monsoon Depth to Water Level: 2.00 to 5.00 m bgl  

 Pre monsoon Water Level Trend: Rise: 0.02 to 0.04 

m/year 
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 Post monsoon Water Level Trend: Rise: 0.02 to 0.05 

m/year 

D. Ground water quality 

Suitable for drinking in areas at higher elevation but high 

concentration of pollutants is high at low lying areas. 

E. Geomorphology 

Major Physiographic Units:  Hill Ridges with  

Intervening Valleys and Coastal Plains 

Major Drainage: Mahim and Mithi 

F. Climate and Rainfall 

The climate of the district is characterized by an oppressive 

summer, dampness in the atmosphere nearly throughout the 

year and heavy south – west monsoon rainfall from June to 

September. The mean minimum temperature is 16.3°C and 

the mean maximum temperature is 32.2°C. The normal 

annual rainfall over the district varies from about 1800 to 

about 2400 mm. It is minimum in the central part of the 

district around (1804.9 mm). It gradually increases towards 

north and reaches a 3 maximum around (2382.0 mm). 

G. Annual Rainfall 

Month Avg Rainfall mm Rainy Days 

January 1.0 0.0 

February 0.5 0.1 

March 0.7 0.1 

April 0.4 0.0 

May 29.6 1.0 

Jun 475.1 13.5 

July 815.9 22.8 

August 579.3 21.7 

September 328.4 13.8 

October 93.7 3.4 

November 8.2 0.4 

December 1.9 0.3 

Total 2334.6 77.2 

H. First Flush Mechanisms 

First flush mechanism is shown in the fig. Due to long dry 

period, the catchment area generally gets dirty. Hence in 

order to prevent entry of excess dirt from the catchment area 

from entry into tank and polluting the water, first flush 

mechanism is designed. And the order of this mechanism 

becomes highly important when water preserved is utilized 

for drinking purpose. Turbidity factor was also considered 

while design first flush mechanism. After studying our 

requirement and prevailing condition, the design value of this 

mechanism was fixed to be 8litres/10m2. And finally Ball- 

Valve design was chosen. Ball- Valve design has a unique 

mechanism for controlling the flow of water into and outside 

of the tank. Ball- Valve design is shown in the figure. This 

system consists of ball inside the specially designed pipe 

which opens and closes the opening of outlet to the storage 

tank and diversion chamber according the level of water. 

When the water fills up to the brim, the water is diverted to 

the main tank from the side outlet. And when the water needs 

to be rejected is sent to the small diversion chamber where it 

fills the inlet pipe. Hence total volume of the diversion 

chamber and the pipe up to the Ball- Valve are carefully 

designed to match the diversion volume that is calculated. 

The connection between the terrace water and storage tank 

rebuilds when water reaches the level of the ball making the 

ball to float and block the connection between the terrace 

water and diversion chamber, thus sending the water back 

again to main storage tank. In this way, Small diversion 

chambers are designed for the downpipes from each terrace. 

The diversion tank can have a tap which may be operated. 

 
Fig. 9: Flush Mechanisms 

I. Filtration 

Filtration is highly required for the rainwater which is 

harvested from the rooftop area. When water is use for 

drinking purpose then this process become even more 

important. But, basic filtration is preferable required to avoid 

excessive dirt entering the system. A very simple, cost- 

effective mechanism has been chosen preferred over 

elaborate commercial systems. Leaf and twig screen, for 

basic which is a 5mm thick mesh with wire frame running 

along the gutters was selected. With most of the commercial 

fine filtration systems, there is a general difficulty of handling 

high flow rates, thus, a practical filtration method was 

selected running the flow through a fine cloth/mosquito net 

mesh. The flow rate would not be impeded much; it’s very 

cost effective and can be easily maintained and replaced. 

Again, two cloth filters for hydraulic and cleaning efficiency 

using a graded sand load can be chosen whose results are 

highly comparable to commercial filters. Based on their 

results, the muslin type of cloth filter with conical shape was 

selected for usage in the proposed rainwater harvesting 

system. The proposed cloth filter design arrangement is 

shown in the Figure. 

 
Fig. 10: Filtration 
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IX. RAINWATER HARVESTING CALCULATIONS 

A. Parameters for Rainwater Calculations 

Sr. No. Description Details Units 

(1) Areas   

 Car Depot Catchment area   

a) Total Area of the Site /Plot 138000 M2 

b) Terrace/Roof area 21730 M2 

c) Paved/Pavement/Road /open area 116270 M2 

 D N Nagar Station & Overhead Bridge   

a) Total Area of the Site /Plot 14043 M2 

b) Terrace/Roof area 7293 M2 

c) Paved/Pavement/Road /open area 6750 M2 

    

(2) Co-Efficient and factors Adopted   

a) Harvesting efficiency factor for terraces & rooftops 0.95  

b) Harvesting efficiency factor for roads and paved surfaces 0.8  

    

(3) 
Coefficient for Calculation for Capacity for Collection: 

Wells for Harvesting 

 

 

 

 

a) Peak Hourly rainfall assumed 45 mm/hour 

b) Retention time for capacity of Recharge Tank 60 Minutes 

c) Average annual rainfall 2334 mm/year 

B. Calculations for Roof Top Rainwater Harvesting  

Sr. No. Description Details Units 

1 Car Depot For Roof/Terrace only   

(i) Average Runoff co-efficient for terraces and roofs 0.95  

(ii) Area considered (For Terrace/Roof Only) 21730 M2 

(iii) One Hour Intensity of rainfall considered 45 mm/hr 

(iv) Infiltration well/Storage Tank Capacity design period 60 Minutes 

(v) Average annual rainfall 2334 mm/year 

(vi) 
Theoretical Volume required. Approximately (Total Area x Average  

annual rainfall x Runoff co-efficient ) 
44755.10 m³ /year 

2 Storage Tank Sizing   

(i) Total Calculated Volume of Rainwater from Terrace 44755.10 m³ /year 

(ii) Percentage of Volume to be provided as Storage 30.00 % 

(iii) Total Capacity of Storage Tank Required 13426.5 M3 

(iv) Storage Tank Capacity Proposed 15000 M3 

    

3 Recharge Pit Sizing   

(i) 
Total Calculated Volume of Rainwater from Terrace (Total Area x Intensity 

 of rainfall x Runoff co-efficient)/1000 
928.95 M3 

(ii) Percentage of Volume to be recharge (as per guidelines) 45.00 % 

(iii) Total Capacity of recharge pits require 450 M3 

    

Sr. No. Description Details Units 

1 D N Nagar Station & Overhead Bridge   

(i) Average Runoff co-efficient for terraces and roofs 0.95  

(ii) Area considered (For Terrace/Roof Only) 7293 M2 

(iii) One Hour Intensity of rainfall considered 45 mm/hr 

(iv) Infiltration well/Storage Tank Capacity design period 60 Minutes 

(v) Average annual rainfall 2168 mm/year 

(vi) 
Theoretical Volume required. Approximately (Total Area x Average  

annual rainfall x Runoff co-efficient ) 
15020.66 m³ /year 
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2 Storage Tank Sizing   

(i) Total Calculated Volume of Rainwater from Terrace 15020.66 m³ /year 

(ii) Percentage of Volume to be provided as Storage 30.00 % 

(iii) Total Capacity of Storage Tank Required 4506.20 M3 

(iv) Storage Tank Capacity Proposed 5000 M3 

    

3 Recharge Pit Sizing   

(i) 
Total Calculated Volume of Rainwater from Terrace (Total Area x Intensity 

 of rainfall x Runoff co-efficient)/1000 
309.47 M3 

(ii) Percentage of Volume to be recharge (as per guidelines) 45.00 % 

(iii) Total Capacity of recharge pits require 150 M3 

C. Calculations for RWH Structures 

Sr. No. Description Details Units 

1 For  Car Depot Paved/Road/open Area   

(i) Average Runoff co-efficient for landscaped, green and other open areas. 0.8  

(ii) Open Area 116270 M2 

(iii) One Hour Intensity of rainfall considered 45 mm/hour 

(iv) Infiltration well capacity design period 15 Minutes 

(v) Net run off percent area for which holding is required for infiltration 11.25 mm 

(vi) 
Theoretical Volume of Infiltration Wells required. Approximately  

(Total Area x Average annual rainfall x Runoff co-efficient ) 
200 m3 

    

2 For  D N Nagar Station & Overhead Bridge open Area   

(i) Average Runoff co-efficient for landscaped, green and other open areas. 0.8  

(ii) Open Area 6750 M2 

(iii) One Hour Intensity of rainfall considered (Peak) 45 mm/hour 

(iv) Infiltration well capacity design period 15 Minutes 

(v) Net run off percent area for which holding is required for infiltration 11.25 mm 

(vi) 
Theoretical Volume of Infiltration Wells required. Approximately  

(Total Area x Average annual rainfall x Runoff co-efficient ) 
11.70 M3 

    

 Direct Storage Under Ground Tank   

(i) Dimensions of Under Ground Tank 15 X 15 X 5 M3 

(ii) Volume of Under Ground Tank (1) 1125 M3 

    

 Recharge Pit   

(i) Dimensions of Recharge Pit-1 5 X 5 X 2 M3 

(ii) Volume of Recharge Pit -1 50 M3 

(iii) Dimensions of Recharge Pit-2 4 X 4 X 2 M3 

(iv) Volume of Recharge Pit -2 32 M3 

    

 Car Depot area Under Ground Tank & Recharge Pit   

(i) Under Ground Tank (15 X 15 X 5) 13 No’s 

(ii) Recharge Pit- (5 X 5 X 2) 13 No’s 

    

 Car Depot area Under Ground Tank & Recharge Pit   

(i) Under Ground Tank (15 X 15 X 5) 4 No’s 

(ii) Recharge Pit- (4 X 4 X 2) 5 No’s 

D. Abstract of Estimation Cost 

Sr No. Particular Quantity Rate/ M3 Cost(Rs) 

1 Earthwork in excavation 19935 M3 150 2990250 

2 Cement concrete with brick ballast 1125 M3 2700 3037500 

3 I class brickwork 1:3 cement mortar 765 M3 3000 2295000 

4 R.C.C work 1530 M3 2700 4131000 

5 12mm plastering 7650 M3 2700 20655000 
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6 

PVC piping for rainwater pipes 

 - 110 mm diameter 

 - 200 mm diameter 

Per Meter 

 

165.00 

275.00 

687500 

7 Making borehole in meter with 200 mm 216 M 180 38880 

Total 33835130 

Contingency + work charges establishment 5% 1691756 

Engineering profit 10% 3383513 

Total Cost 38910399 

X. RESULTS AND DISCUSSION 

A. Car Depot Catchment area  

Calculation of total amount of rainfall that can be harvested 

will be: - 

 Area of rooftop = 21730 M2 

 Average annual rainfall = 2168mm/year 

 Assuming coefficient of runoff f = 0.95 

 Total amount of rainfall which can be harvested    

 = 21730 x 2.168 x 0.95 = 44755.10 m³ /year 

Calculation of total amount of rainfall that can be harvested 

will be: - 

 Area of Open = 116270 M2 

 Average annual rainfall = 2168mm/year 

 Assuming coefficient of runoff f = 0.8 

 Total amount of rainfall which can be harvested  

             =116270 x 2.173 x 0.8 = 202123.76 m³ /year 

B. D N Nagar Station & Overhead Bridge 

Calculation of total amount of rainfall that can be harvested 

will be: - 

 Area of rooftop = 7293 M2 

 Average annual rainfall = 2168mm/year 

 Assuming coefficient of runoff f = 0.95 

 Total amount of rainfall which can be harvested    

 = 7293 x 2.173 x 0.95 = 15055.30 m³ /year 

Calculation of total amount of rainfall that can be harvested 

will be: - 

 Area of Open = 6750 M2. 

 Average annual rainfall = 2168mm/year 

 Assuming coefficient of runoff f = 0.8 

 Total amount of rainfall which can be harvested  

             = 6750 x 2.173 x 0.8 = 11734.2 m³ /year 

XI. CONCLUSION 

Recharge of ground water table is a gradual process, we 

cannot suddenly increase the ground water table after 

constructing recharge structures, by constructing any type of 

recharge structure, and we can give our contribution in 

aquifer recharge. This will help to rejuvenate the depleting 

ground water resources. Also help to save the little amount of 

rain water which used to drain away from many years. Thus 

it is concluded that implementation of Rainwater Harvesting 

system of Mumbai Metro would result in the form of the best 

approach to deal with present scenario of water scarcity and 

storing huge quantity of 2Crores liters in a year in Metro 

campus. 

 Rainwater harvesting appears to be one of the most 

promising alternatives for supplying freshwater in the face of 

increasing water scarcity and escalating demand. 

 The pressures on water supplies, greater 

environmental impacts due to new projects, no development 

of new surface water sources, as well as deteriorating water 

quality in surface, constrain the ability of communities to 

meet the demand for freshwater from traditional sources, and 

present an opportunity for augmentation of water supplies 

using this technology. Use of sand filter in-built in pipe will 

minimize the turbidity improving the quality of water and this 

water then can be efficiently used for various purposes such 

as gardening, cleaning floor, cleaning bathrooms as well as in 

fluid mechanics laboratories and other non consumptive use. 
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