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1.0 BACKGROUND:
Rainwater harvesting has come to be considered as one of the essential tools for a
sustainable city. As cities of the developing world grow rap idly and as more and more

areas become urbanzied, water, an essential natural resource, has come under stress.

The city of Mumbai receives an average annual rainfall of about 2200 mm - a
considerable amount as compared to many other cities such asJaiselmer which
receive less than 100mm annually. The Mumbai Municipal Corp oration supplies
nearly 3000 million liters per day albeit at a subsidized rate of Rs. 3.5 perKkilo liter for
residential buildings. For commercial establishments, it charges Rs. 25 per kilo liter
in addition to a sewerage tax amounting to 60% of the cost of th e bill. This amounts
to more than Rs. 40 per kilo liter indicating a cross subsidy f or residential
consumers. Despite this, large numbers of people are deprived of fresh water in the
city owing to inequitable distribution and wastage. Severa | housing societiesin the

city depend on tanker water supply - which is neither economi cal nor safe.

Consequently, rainwater harvesting has been made mandatory by several
Municipalities in the country, among them, Chennai, Bangal ore, Mumbaiand Jaipur.
The Municipal Corporation of Greater Mumbai has made it comp ulsory for new
buildings to harvest rainwater (IOD condition vide circula r CHE/DP/64 2002-03 with
effect from October 2002 - attached) and fulfill the non-dom estic water requirements
onits own. Conservation of rainwater by harvesting it where it falls is one of the
methods by which this resource can be conserved. Several individuals, organizations,
institutions and housing societies have reaped the benefit s of rainwater harvesting.
Some of these include the Naval Dockyard, Fort, the St. Catherine’s Home, Andheri,
Vasant Vihar Housing Society, Thane, Vinayak Darshan Housi ng Society, Dombivili,

etc.

Apart from conservation of water, these examples exemplify an ethical stand in a city
where a vast majority of people do not receive adequate domestic water supply. More
than residential and institutional agencies, itisthe indu strial and commercial
buildings which can gain from rainwater harvesting. Decent ralized storage and use
of rainwater as well as ground water recharge will be benefic ial over along-term
period in a city where less than 3% of the land surface is unpav ed allowing for

ground water percolation in the natural manner. Itis theref ore, imperative for
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corporate bodies such as HPCL to take up the challenge and provide a demonstrative

model which can be emulated by other corporates.

Considering the importance of above as a corporate social responsibility, Corporate
SHE-(Refineries) Department approached Rachana Sansad'institute of
Environmental Architecture and requested to provide a holi - stic & sustainable solution
with respect to implementation of Rooftop as well as Surface Run-off water
harvesting at its Headquarter Office, Mumbai. Itisinthisre gard that a detailed
proposal was prepared and submitted to HPCL, Mumbai. Onitsa cceptance, this

feasibility study was conducted.

1.1- Scope of work:

The scope of work as described in Annexure 1 of the work order dat ed 24 May 2008 is
produced below:

Site Investigation: A basic site investigation will be conducted in order to unde rstand
the topography and hydro geological conditions of the site. This will entail a plain
table or total station survey, a hydro-geological test usin g electrical resistivity method

and others if required.

Catchment Area: There are three potential catchments at the site — two terraces of the
main and annex office blocks, and the side open space of the building. The Institute
will study these areas of catchments & consider for carrying out the rainwater

harvesting study.

Conduits and storage: Catchments 1 & 2 are connected by down take pipes below
ground level to the storm water gutter within the premises. T hese are in turn connected
by series of inspection chambers to the Municipal storm wate r drain. A study will be

carried out by Institute :
n To ascertain the containment area.

n To assess the need to modify the existing drain system so that surface water can
be diverted to the rainwater harvesting system and ascertain a ny change in the

drain system to be undertaken

Rainwater harvesting potential:  The institute will assess exact and accurate
rainwater potential from the violable & identified catchme nt areas through site

investigation and meteorological data of last 5 years.
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Institute will suggest the strategy for harvesting and usin g rainwater at Petroleum

House from the available catchment area with respect to the fol lowing:

n

The storage are required & identification of location for wa ter from roof top
catchment areas as well as surface run-off. An exhaustive study for the selection
of location of appropriate storage area with required dimension s will be taken up
and will be based on the most economically feasible as well as structurally stable

solution.

Usage of this harvested water with schematic diagrams consisting of entire

layout details, dimensions etc.

Groundwater charging with the rain water and the selection of are a for ground
water charging which will depend on the geological analysis based on electric

receptivity technique.

A study will be carried out to assess the construction requireme nt of either a ring well

or sump well, depending on the soil strata and charging.

n

For rainwater harvested from roof top Catchment areas, a filt ration scheme will
be developed consisting a horizontal or vertical pre-made fi lters composed of
different grades of sand and charcoal and will form part of the do wn-take pipes

or storm-water.

The scheme should also suggest a first flush device — its location and dimensions
- which will be attached to the filters in order to prevent stora ge of contaminated

or polluted water at the beginning of monsoon.

For rainwater harvested from surface run-off catchments, a fil tration pit
comprising. of sand. Gravel and charcoal will be suggested aroun d the recharge

system, This may be preceded by a grease filter depending on the water quality.

Rachna Sansad’s Institute of Environmental Architecture will provide all the working

drawings & engineering drawings along with bill of materials and wi  th technical details

required for implementations of the recommendation /schemes as suggested in the

study report. Rachna Sansad’s Institute of Environmental archit ecture will also provide

a detailed cost estimate for implementation of the study recomm endations which will

be based on the selection of appropriate material & spaces.
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2.0 RACHANA SANSAD’S INSTITUTE OF ENVIRONMENTAL
ARCHITECTURE

The Rachana Sansad’s Institute of Environmental Architecture is the Postgraduate

department of the Academy of Architecture, Prabhadevi, Mumbai,

schools for architectural education in India. It is part of the Rachana Sansad, a

parliament of creative education founded in 1960 to promote educ ation in the field of

Art, Architecture, Building Technology and other allied sub jects. Today, the institutions

that function under the auspices of the Rachana Sansad are:

n

Academy of Architecture (Five-year full-time B.Arch. Course)
College of Applied Art & Craft (Four-Year B.F.A.(Applied Art ) Degree Course

School of Interior Design (Three-Year part-time Govt. Diplo ma and Two Year

part-time College Diploma in Interior Design )

School of Fashion & Textile Design (Three-Year part-time Govt. Diploma in

Fashion & Textile Design)

Post Graduate Diploma in Environmental Architecture (Twoy ears
Masters Degree in Environmental Architecture recognized b vy the
Yashwantrao Chavan Open University, Nashik, and the Counci | of
Architecture, New Delhi and One-year postgraduate diploma in
Environmental Architecture recognized by the

Maharashtra State Board of Technical Education)

Postgraduate Diploma in Project Management in Building Constr uction (Two
years Masters Degree in Project Management in Building Construction and

One-year postgraduate diploma in Building Construction Mana gement)
School of Fine Arts (Three years full time diploma course in Fi ne Arts)

Academy of Performing Arts

one of the premiere
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The Rachana Sansad’s Institute of Environmental Architecture conducts environmental
projects and awareness programs in addition to the academic programs. These include
seminars and training programs on various subjects such as green architecture, eco-
housing technical criteria, eco-friendly building materi als, rainwater harvesting and
several others. In addition, the Institute organizes free s apling distribution program
and an annual rainwater harvesting competition, Harvest to Harness (since 2004),
which documents and creates awareness on this issue. The Ingitute is part of a
committee of the Municipal Corporation of Greater Mumbai (MC GM) for evaluation of
consultants for rainwater harvesting. The Institute is als o a member of the team

drafting eco-housing criteria for the Municipalities of Mum bai and Pune.
Contact:

Roshni Udyavar

Head, Rachana Sansad’s Institute of Environmental Archite cture
278 Shankar Ghanekar Marg, Prabhadevi, Mumbai 400025
Tel: +91 22 24301024

Cell: +91 9820827434

Email: roshniudyavar@gmail.com; academy architecture@yahoo.com

Web: www,rachanasansad.com
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3.0 OBJECTIVES:

Rainwater harvesting at the Petroleum house has the followi

%)

To accomplish these objectives, the following techniques ¢ an be adopted:

%)

to harvest and conserve as much rainwater as possible on the site rom

roof-top and surface run-off;

to recharge the groundwater;

to reduce the municipal supply to the bare minimum especially du ring
monsoon months;

to prevent run-off flow into municipal storm water

to avoid water supply from tankers or other such sources in case o f

future scarcity.

Collection of rainwater from the rooftop / terrace of the bui Idings and

use it for non-domestic purposes during rainy season

Recharging groundwater by collection of surface runoff rai n water.This
may be recovered and used in the long run for non-domestic purpo ses

such as washing, flushing and gardening throughout the year

ng objectives:

10
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4.0 SITE INVESTIGATION:
4.1 Total Station Survey:

Atotal station survey of the Petroleum House site was conduc ted on 28th May 2008
which provided the base drawings for the feasibility study. The total station survey
marked the location of the buildings on site, drainage lines and patterns, trees and
gardens. Figure 1 below shows the drawing obtained from the tot al station survey.
_
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4.2 Hydro-geological Investigation:

A hydro-geological investigation of the HPCL site was conduct ed on 4 June 2008
by geologist Dr. Amar N. Joshi. Prof. Mukund Porecha accompani ed the geologist to
mark the locations on site. Mr. Ashok Kumar of HPCL accompanie d the team during

the investigation. The investigation was conducted using geop hysical exploration
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method which is a scientific measurement of the physical prop erties of the earth’s crust.
It provides the geologic structure of the heterogenous mass of the earth’s surface. The
investigation was conducted with a special 2-pin method. One pr obe was fixed at
random around a proposed well or bore-well; the other probe was taken around the
area to be searched for the lowest reading point. This point was t hen taken as a new
reference. Given below is an extrapolation of the findings of t he investigation as well as

earlier geological studies in Mumbai:

1. Mumbai is part of the Deccan plateau where Basalt is the major rock type. The
cracks that develop in basaltic rocks during cooling of lava are crucial to the perco-
lation of ground water in conjunction with the ground slope, dr ainage pattern and

lineaments of the area.
2. In the area around Mumbai, the bore wells drilled in weather ed Basalts yield about

2-10m3/ hour while in exceptional cases the yields are about 25m3/ hour, at depths

<100m. Shallow open wells in sandy strata in South Mumbai area h ave relatively

Fig. 2: Satellite Image showing HP main and annexe builodagesd in the reclaimed
Nariman Point area
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high yields of good quality of water. The quality and quantity of g

found in reclaimed area is of varied nature.

13

round water

3. For reclaimed areas, “the vadose zone” or unsaturated zone is of very limited thick-

ness and comprised of filling material. Hence high yielding wells in these areas are

yet to be reported.

S.No| Depth Range R oh-m R oh-m Oh-m{Oh-m Remarks
(Feet) Spotl Spot2 Spotl Spot2

1. 5 10° 0.4 0.2 2.66 3.55 Filling

2. 10 10° 1.2 2.5 15.99| 33.32 Murum

3. 20 108 0.6 0.25 15.99 6.66 Saturated zong

4, 30 10 1.0 1.55 39.99 61.99 Fracture zone

5. 40 10° 1.85 2.65 98.66| 141.32| Flow:l

6. 50 10° 0.15 0.2 9.99 13.32 | Wwater bearing

Table 1: Ground data of apparent resistivity

Spot No. Pref,  Saill Strata Change Water strata Yield IphI

Entry 1. 15-18ft 30ft., 40 ft. 10to 18ft. 1000 - 250

Canteen 2. 15-181t 30ft., 40 ft. 10to 18ft. 800 - 1040

Table 2: Inferences from field data for groundwater resourc

4. It is possible to recharge ground water in a reclaimed area as freshwater, due to its

lower specific gravity normally floats above salt water without m

ixing. However,

when ground water levels drop, there is a tendency of seawater t 0 move landwards

displacing the fresh water aquifer, advancing until conditio ns of equilibrium are

established.

5. The two-pin geophysical exploration method indicated the f ollowing results:

a. There are two good locations to obtain groundwater

b. Localized pools of water encountered in pockets within the g round may have been



Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
14

formed due to filling and watering of the ground. This cannotb e a perennial water

source.

c. Relatively overall low resistivity values in the area survey ed may be an indication of

brackish to non-saline water.

From the above geophysical data, it can be inferred that:

1. The area is not very good in groundwater resources

2. The soil in the ‘vadose zone’ is mainly transported fill material.

3. There is no sandy strata to act as a channel way for non-saline gound water

4. The bouldary nature of the filling and the bed-rock below indi cates ground water at

a shallow depth and in lower quantity.

5. Sea-water intrusion is likely in the existing filled zone.

»

. Expected water flow will be between two flow layers and could b e slightly brackish

in nature

7. Since above results are based on field data of the heterogeneas nature of filled earth

system, variations and failures cannot be ruled out.

Based on the above conclusions, the following recommendations are given for ground-

water recharge:

1. Groundwater from the site can be exploited by digging ring wells - which

have both storage as well as charging capacity
2. Average depth of the ring well to be 4.5m to 6 m

3. Diameter of the dug area for ring well to be 2.1 to 2.4 m with h  ume pipe rings

or collars of at least 1.5 m diameter.

4. The ring wells can be used for recharging groundwater from  the overflow of

rainwater harvested from roof-top and surface run-off.
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5.0 DATA COLLECTION:

5.1 Water Consumption:

Based on the water bills submitted by HPCL for 6 months from Oct ober 2007 to March
2008, the average monthly consumption of water has been calculated at 17,07,000

liters. This amounts to approximately 56,900 liters per day.

Average Consumption

Months Units Amount
October 2007 1750 65344.00
November 2007 1644 60086.00
December 2007 1747 55236.00
January 2008 1815 70597.00
February 2008 1757 64987.00
March 2008 1529 58586.00
Total 10242 374836.00
Average monthly 1707 62472.67
(Total / 6 months) (Rs.)

Table 3: Average monthly water consumption

5.2 Water usage:
5.2.1 Flushing:

Data about the number of flushing cisterns and urinals in the P etroleum House build-
ing and the Annexe building was supplied by SHE Department of HPC L. Considering
one water closet for every 20 persons @20 liters per flush per p&son (inclusive of do-
mestic use) and one urinal for every 7-20 persons @ 10 liters perflush per urinal (Na-

tional Building Code Norms 1995) , the following water demand has be en estimated:

1. Petroleum House - W.C. flush: 12,400 liters per day
2. Petroleum House - Urinal flush: 4,800 liters per day
3. Annexe Building - W.C. flush: 10,400 liters per day

4. Annexe Building - Urinal flush: 3,600 liters per day
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5. Total Petroleum House flushing needs: 17,200 liters per d ay
6. Total Annexe Building flushing needs: 14,000 liters per d ay

7. Total Flushing needs of Petroleum House and Annexe Buildi ng: 31,200 liters

Number of W.C and urinal flushing cisterns at
Petroleum House and Annexe Building

Number of flushing P.H. Annexe
cisterns

Indian Toilets 12 12
Western Toilets 19 14
Total W.C. 31 26
Total Urinals 24 18

Table 4: Number of Flushing cisterns

5.2.2 Canteen:

Considering 360 persons visiting Annexe building canteen and 300 persons visiting
Petroleum House canteen, the water requirements for the 2 Canteens based on NBC

standards are as follows:
1. Canteen in Petroleum House on ground floor @ 25 liters per ¢ apita: 7,500 LPD

2. Canteen in Petroleum House on upper floor @ 25 liters per ca pita:9,000 LPD

5.2.3 Gardening:

Water requirements for gardening considering existing garden area of approximately
492.5 square meters at the rate of 5 liter per square meter is 2462.4%iters per day or

8,98,813 liters per year.

5.2.4 Cooling Tower:

Water requirements for Cooling Tower of Petroleum House consi dering 64 TR and

10.88 liters per hour per ton is approximately 7000 liters per d ay.
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5.2.5. Total water usage

The estimate of total water usage at Petroleum House and Annexe building for

a. Flushing: 31,200 liters per day
b. Canteen: 16,500 liters per day
c. Gardening: 2,463 liters per day
d. Cooling Tower 7000 liters per day

Total: 57,163 liters per day
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6.0 RAINWATER HARVESTING POTENTIAL & STRATEGY:
6.1 Rainwater harvesting potential at Petroleum House:

Rainwater harvesting potential is the total amount of rainwate r that can be harvested

from a given site throughout the year. It can be calculated usin g the following formula:

Rainwater Harvesting Potential P = Catchment Area (sq.m.) x average annual rainfall

(m) x run-off coefficient

As per the Indian Meteorological Department, average annual rain fall in Mumbai is

approximately 2100 mm or 2.1m.

There are 3 potential catchments for rainwater harvesting at Petroleum House:
1. Rooftop or terrace of Petroleum House Building (Area = 1012 sq.m.)

2. Rooftop or terrace of Annexe Building (Area = 320 sg.m.)

3. Surface runoff at ground level excluding garden (1287.5 sq.m.)

Fig3 Run-off coefficient for the terrace is considere®aswbile for the paved surface at ground it is 0.85

The run-off coefficient for the roof-top or terrace is consid ered as 0.95 while the surface

run-off at ground level is considered as 0.85 (Refer Appendix for Run-off Coefficients).

Based on the above figures, Rainwater Harvesting Potential for Petroleum House dur-

ing monsoon period is as follows:

1. Rooftop of Petroleum House Building = 20,189.4 liters per day
2. Rooftop of Annexe Building = 6,384 liters per day

3. Surface runoff at ground level = 22,981.875 liters per day

The total rainwater harvesting potential at Petroleum Hous e site is

49,555 liters per day during 100 days of monsson
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6.2 Strategy for harvesting and using Rainwater at Petroleu m House:

Considering Water Consumption (5.1), Flushing requirement s (5.2) and Gardening
(5.3) as well as the total rainwater harvesting potential (6.1), the f ollowing strategy for
harvesting rainwater has been proposed with an objective of ut ilizing the maximum

potential with the minimum cost.
STRATEGY FOR HARVESTING & USING RAINWATER AT PETROLEUM HOUS E

1. Rainwater harvested from 3 rainwater outlets on the North -east side terrace
of Petroleum House amounting to 10,000 liters per day will be  collected using
existing down-take pipes to two tanks of 5000 liters each pla ced on garden in
between the Petroleum and Annexe building. The 3 existing ra inwater

downtake pipes on the northeast-sidewill be looped and conn ected to three 100
liters filtration tank before collection in the rainwater h arvesting storage tanks.
This water will be supplied to the ground floor canteen for wa  shing purposes
using a separate line. The overflow from the two tanks will be connected using

a 50mm dia PVC pipe to the main rainwater ground storage reser voir (RWGSR).

2. Rainwater harvested from the remaining three outlets loc ated on the south-
west side of the Petroleum House will be collected after loop ing and filtration

to the main RWGSR.

3. Rainwater harvested from the rooftop of Annexe building w ill be terminated
at the first floor level and stored in three tanks of 2000 lite rs each after passing
through three filtration tanks of 100 liters each. This wate r will then be
pumped to the flushing compartment of the overhead tank of an  nexe building
for which a separate pump of 7.5 HP will be provided in the exis  ting pump

house behind Annexe building.

4. The surface run-off water amounting to 22,000 liters per d ay and the rainwa-
ter harvested from the southwest-side of Petroleum House bu ilding amounting
to 10,000 liters will be collected in the main RWGSR of capaci ty 35 cu.m. This

storage reservoir will have a filtration system around it co mprising of different
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filter material. The overflow of this tank will be used for re charging the ring
well no. 2 of lower yield and then further to ring well no. 1 of h igher yield( see

hydro-geological investigation 4.2). by using a PVC pipe of 200mm dia.

For surface run-off, the looping will be in the following man ner (as indicated in

the working drawingsheet):

Loopl: R1 to R10 (existing stormwater drain) connected to ex isting F1 to pro-

posed N1 and N2 to main RwWGSR through filters.

Loop 2: L1 to L8 (existing stormwater drain) connected to pro posed N3 to main

RwGSR through filters

5. Water collected in the RWGSR will be pumped to the terrace o f Petroleum
House to 4 nos. of 2500 liters each interconnected FRP tanks. This water will be
supplied to the upper floor canteen on Petroleum House for wa shing purpose

using a separate line during monsoon.

6. For groundwater recharge, 2 ring wells of capacity 10.6 cu .m. admeasuring
1.5m diameter x 6m deep will be constructed. The water which w ill be charged
into the ground using the ring well should ideally not be util ized for the first
two seasons. Therafter, it may be used by pumping the water us ing a low-yield
submersible mono-block pump of 2 HP to the RWGSR during non-m  onsoon
season. Thereafter, it can be utilized for washing purposes in upper floor can-

teen and/ or cooling towers during non-monsoon period.

A schematic of the proposed scheme of rainwater harvesting at Petroleum House is

shown in Fig. 4 .
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6.3  Catchment Area: There are 3 catchment areas for the Petroleum House site:
- Terrace of Petroleum House building

- Terrace of Annexe building

- Surface run-off from the site at ground level.

Their water harvesting potential as provided in section 6.1 are 20189.4 Ipd, 6384 Ipd
and 22981.875 Ipd respectively (total 49,555 Ipd). It is important to check the
catchment areas for cleanliness before the onset of monsoon. e presence of leaf litter

or any other solid waste may lead to clogging of the rainwater har vesting system.
6.4  Conduits and storage:
Conduits:

The Conduits for the roof-top Catchments in Petroleum House B uilding (Northeast
side) and Annexe Building will be the existing down take pipes w hich will be curtailed
at the first floor level and connected to three FRP filter tanks ¢ omprising of various

grades of filter material.

The Conduits for the Roof-top Catchment of Petroleum House b uilding on southwest
side will be the existing down take pipes which will be stored in the RWGSR after

passing through filtration chambers.

The Conduits for the third Catchment area - Ground surface run- off will be the existing
storm water channels (Loop 1: R1 to R10 existing stormwater drain connected to
existing F1 to proposed N1 and N2 to main RwWGSR through filter s; Loop 2: L1
to L8 existing stormwater drain connected to proposed N3 to m ain RwWGSR
through filters) which will be extended and diverted to the proposed rainwater

storage tank at ground level of 35 cu.m. after passing through f iltration chambers.
Storage:

There will be in all 5 storage systems for rainwater harvesting amounting to about 72.2

cu. m. Of this, 21.2 cu. m. will be ring wells. They are as given b elow:
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[ J
S.No. Location Storage Capacity Numbers Catchments d\Vateri
(cu.m.)
1. Garden between 10 2 nos. of PH house rooftop FRP
PH & Annexe bldg. 5 cu.m. each (3 outlets on NE side)
2. Above Pump House 6 3 nos. of Annexe bldg. rooftop FRP
behind Annexe building 2 cu.m. each
3. South-west of PH bldg 35 1 nos. of Surface run-off Concrete

35cu.m PH house rooftop
(3 outlets on SW side)
Overflow of storage 1

4, Low-yield ring well 10.6 cu.m. 1 nos. Overflow of storagd@me pipes
near garden

5. High-yield ring well 10.6 cu.m. 1 nos. Overflow af storagelume pipes
near Entry

6. Terrace of PH on south 10 cu.m. 4 nos. of Pumped froB storaP
west side 2.5 cu.m.each

Table 5: Storage tanks: location, catchments and material

6.5 Filtration:
There are two types of filtration systems in the proposed rainw ater harvesting system:

1. FRP filter: The FRP filters will comprise of three FRP transparent tanks of 100 liters

Fig. 5: Flow Diagram of filtration system

Grease [rap
Rainwater from (for surface Sl e Gravel
Catchments runoff only)
Activated Boulders/Bric |
Charcoal Bats
To storage tank for use

each filled with sand, charcoal and gravel respectively. They wi Il be placed prior to the

storage tanks in storage 1 &2 above.

2. Civil filter: A Civil filter will be constructed around the RWGSR. It will be  fabricated

with brick and mortar and designed as per the flow rate requirement (refer working
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drawing sheet for size). and consists of filter material just as in the FRP filters. A grease
filter is attached prior to the first chamber to screen any oil, grease or detergent that

may enter the storm water channel.

A first flush device will be provided to the looped downtake r  ainwater pipes, the valve

of which should be regulated manually to let out the water during  first seven days of
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monsoon.

4.0 Cost Estimate for Rainwater Harvesting at Petroleum Hous e

Sr. No. Description of work Quantity Rate Amount

1. Constructing underground tankin
R.C.C. withwater proofing 35,000 liters 21/ Lit 7,35,000.00

2. Filtrations pitaround R.C.C. tank
0.75m width with gravels, sand &
charcoal filter medium 15,000 liters 26/ Lit 3,90,000.00

3. Construction of Ring wells 1.5m dia
&5 mdepth 2 Nnos. 45,000/no  90,000.00

4. Fiber Reinforced Plastic (Sintex
or equivalent tanks) with down take
pipe lines for toilets with fittings &
fixtures, inter connections, valves etc.
(1000 liters X 10 nos.) 10,000 liters 24/t 2,40,000.00

5. Fiber Reinforced Plastic (Sintex
or equivalent tanks) for canteen with
3m high elevated structure steel with
water supply line, valves fixture &
fittings etc. 5,000 liters 24/ 1it 1,20,000.00

6. Providing & laying 9" P.V.C. line with
I.C.'s up to underground storage tank
inclusive of breaking laying and redoing
floor 125R.M. 660/-R.M.  82,500.00

7. Providing & fixing 5 H.P. mono block
submersible pumps with pumping lines
from u/g tank & Ring wells to terrace
of Petroleum house & Annex Building 3 nos. 37,500/- each 1,12,500.00

8. Interconnection of 8" pipe at terrace
level looping in petroleum House with
vertical filters & down take line up to
storage tank at different levels &
connections to toilet blocks 280 R.M. 460/-R.M.  1,28,800.00

Total 18,98,800.00
Add 5% contingencies of above 94,940.00
Grand Total 19,93,740.00
Note: 1 Supervision charges @ 10% of above cost for execution of

work.
Service tax extra on supervision charges as applicables bmme by the client.



Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
26

8.0 COST-BENEFIT ANALYSIS & ENVIRONMENT
SUSTAINABILITY:

The total rainwater harvested from the proposed system will b e 49, 555 liters per day
for the monsoon period of 100 days. This is equal to 4955.5 kilo lit er. At the existing rate
of Rs. 42 per kilo liter ( Rs. 25 existing rate per kilo liter + sew erage tax + additional tax)

this amounts to Rs. 2, 08,131 per year. This is saving per year.
The estimated cost of proposed rainwater harvesting system is Rs. 19,93,740/-.

This does not take into account the water available from the ring we lIs. If we consider
average yield of 1000 liters per hour per well (2 nos.), an additional 12,000 liters per
day will be available for use considering only 6 hours of pumpin g. This amounts to
4,380 kilo liters per annum. This gives an additional cost benefit of Rs. 1,83,960 per

annum.

Thus, total saving amounts to Rs. 3,92,091 per year. And the p ayback period is 5

years.

This payback period is calculated based on existing municip al charges for
water. However, the water prices are likely to escalate with in the next few years
considering the growth of the city and the load on water resou rces supplying

water to it.
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9.0 APPENDIX:
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