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ABSTRACT
                Water is essential for all forms of growth and development of human, animal and plants to sustaining
basic need. The fresh water is just 0.26% of global water. The rainwater is pure and can be stored and used for
required purpose. An attempt has been made to estimate the pure rainwater that can be harnessed from
College of Agricultural Engineering (CAE), Bapatla. The total rooftop surface area of college building and boy’s
hostel building were measured to be 1061.9

 
m

2 
and 608.74

 
m

2 
respectively. The average annual rainfall of

Bapatla for 10 years (i.e.1999-2008) is 998.33 mm. The average rainfall of CAE Campus at 50% probability is
806.05 mm and highest average weekly rainfall is 52.49 mm. In the College building,  the total water that can be
harvested, total water demand, total water supply and estate supply were 727562.10, 3503500.00, 3535562.10
and 2808000.00 litres per year respectively and a total of Rs. 25464.7 per year could be saved from the har-
vested water. In the boy’s hostel, the total water harvested, total water demand, total water supply and estate
supply were 417075.04, 2695680.00, 3112755.04 and 2839200.00 litres per year respectively and a total of Rs.

14597.63 per year could be saved.

Key Words: Probability, Rooftop surface area, Weekly rainfall, Water budget.

Water is essential for all forms of growth and
development of human, animal and plants to sus-
taining basic need. The fresh water is just 0.26% of
global water. The rainwater is pure and   can be
stored and used for required purpose. The fresh water
lakes and rivers, are the main source of water, con-
tain an average of  90,000  cubic  kilometers  of
water  or  just (0.26%) of total global fresh water
reserves. In India the average annual freshwater avail-
ability has been reduced from 5177 cubic meters
from 1951 to 1820 cubic meters in 2001 and it is
estimated to further come down to 1341 cubic meters
in 2025 and 1140 cubic meters in 2050 (Ministry of
Water Resources, GOI, 2003). The total average
annual run-off of all rivers is estimated to be 1,674
billion cubic meter (BCM).

Farrar (1974) reported that the catchment
area being both roof and ground, which was adopt-
able in a number of houses in Botswana and each
house has two rainwater tanks. One stands on the
ground and collects water directly from the roof to
provide water for drinking and cooking. The other
was an excavated tank filled by overflows from the
first as well as runoff from hard ground near the house.
This tank was used to provide small amount of wa-
ter for the garden as well as some water for wash-
ing.

Ghosh (1999) observed that if all the water
could be trapped and stored, all the people in Chennai
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could get 940 liters per head per day nearly fivefold
the revised estimate of 200 liters suggested for do-
mestic consumers by the Chennai Metro Water
Board. Gopinath (2000) stated that to meet the de-
mand, rainwater harvesting is a must for every home
and reported that average requirement of water per
person was 15 per cent for drinking and cooking, 30
per cent for flushing and 55 per cent for bathing and
washing. He suggested that rainwater harvesting
could be done in two ways either by collecting and
storing artificial recharge. The collecting and stor-
ing method can be adopted by independent houses,
flats as well as by industrial houses. Approximately
700 liters of water can be collected from ground in a
day when there is normal rainfall. This collecting
and storing method involves: diverting, filtering and
finally storing. Vishwanath (2001) reported that the
Bangalore is located at 12058´ N latitude and 77035´
E longitude and at an average altitude of 921 MSL,
encompasses 1279 km2 of comprehensive develop-
ment area with a current population of nearly 6 mil-
lion. The average annual rainfall is 970 mm from the
last 10 years and also the average for 30 years from
19510 to 1980 rainfall occurs about 85% between
4.30 p.m. to 4.30 a.m. In an average year of rainfall,
a 1000 m2 roof area would theoretically generate
97,000 liters of water of which about 77600 liters
could be harvested assuming 80% capture effi-
ciency. With a consumption of 100 lpcd (litres per



Drinking 5
Cooking 5
Bathing 55
Washing of clothes 20
Washing of Utensils 10
Washing and cleaning of hoses and residences 10
Flushing of latrines, etc., 30

Total 135

Table 1 Average domestic water consumption in Indian city

Use Consumption in
litres/day/person

Fig 1. Average weekly rainfall (mm) and average weekly rainy days from 10 years (i.e 1999- 2008)
         rainfall data.
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Weekly rainfall At 40% level At 50% level At 60% level At 75% level At 90% level

1 15.75 8.58 2.02 0.00 0.00

2 3.58 1.40 0.00 0.00 0.00

3 0.00 0.00 0.00 0.00 0.00

4 1.94 0.92 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00

6 0.00 0.00 0.00 0.00 0.00

7 8.03 4.13 0.56 0.00 0.00

8 0.00 0.00 0.00 0.00 0.00

9 0.00 0.00 0.00 0.00 0.00

10 4.24 1.61 0.00 0.00 0.00

11 0.00 0.00 0.00 0.00 0.00

12 0.00 0.00 0.00 0.00 0.00

13 0.00 0.00 0.00 0.00 0.00

14 0.00 0.00 0.00 0.00 0.00

15 0.00 0.00 0.00 0.00 0.00

16 10.81 4.96 0.00 0.00 0.00

17 0.00 0.00 0.00 0.00 0.00

18 11.63 7.74 4.18 0.00 0.00

19 10.95 7.03 3.45 0.00 0.00

20 20.02 11.46 3.63 0.00 0.00

21 6.11 3.93 1.93 0.00 0.00

22 12.14 6.79 1.91 0.00 0.00

23 44.52 35.08 26.46 13.64 0.00

24 20.67 15.17 10.15 2.68 0.00

25 57.43 28.33 1.74 0.00 0.00

26 22.84 15.10 8.03 0.00 0.00

27 28.76 16.09 4.52 0.00 0.00

28 41.61 30.23 19.83 4.37 0.00

29 18.93 14.80 11.03 5.41 0.00

30 56.70 48.89 41.75 31.14 18.16

31 54.85 43.37 32.88 17.27 0.00

32 46.70 34.13 22.64 5.55 0.00

33 22.11 15.78 10.01 1.42 0.00

34 66.16 45.99 27.57 0.16 0.00

35 36.39 25.91 16.34 2.10 0.00

36 39.98 31.83 24.39 13.31 0.00

37 33.03 25.28 18.20 7.67 0.00

38 64.14 49.99 37.07 17.84 0.00

39 52.15 41.20 31.20 16.31 0.00

40 54.85 35.51 17.85 0.00 0.00

41 45.99 31.83 18.89 0.00 0.00

42 61.89 46.74 32.90 12.30 0.00

43 42.65 33.28 24.71 11.98 0.00

44 95.04 52.49 13.62 0.00 0.00

45 15.40 11.30 7.55 1.97 0.00

46 10.83 5.16 0.00 0.00 0.00

47 13.13 7.04 1.49 0.00 0.00

48 0.00 0.00 0.00 0.00 0.00

49 14.92 6.28 0.00 0.00 0.00

50 0.00 0.00 0.00 0.00 0.00

51 1.46 0.72 0.04 0.00 0.00

52 0.00 0.00 0.00 0.00 0.00

Table 2  Expected rainfall (mm) estimation at different probability levels  by   Gamble’s probability distribution
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capita per day) and a family size of 4 members rain-
water should theoretically suffice for 194 days in a
year. Vishwanath (2005) stated that the conserva-
tion practices like rainwater harvesting, including
rooftop rainwater harvesting, need to be practiced
to further increase the utilizable water resources.
The aim of rooftop rainwater harvesting especially
in rural areas is to provide drinking water for both
humans and animals.  The Karnataka State Water
Policy stated that the water requirement for urban
people is 55 liters per person per day, for rural ar-
eas 70 liters per person per day, in towns 100 liters
per person per day in the municipal council areas
135 liters per person per day.

MATERIAL AND METHODS
The present investigation on rooftop rainwa-

ter harvesting was carried out during 2008-2009 at
CAE Campus, Bapatla. Bapatla is situated in Coastal
Zone of Andhra Pradesh state at 150 541 N latitude
and  800 301 E longitude with an altitude of 5.49 m
above the mean sea level. The average annual rain-
fall of CAE is 998.329 mm.

Description of the Study Area
The College main building in the CAE Cam-

pus is the major roof top collecting surface, which
is situated near to the main road [Bapatla to
Karlapalem road] which is of three storied building
with flat terrace roof surface. Water is supplied from
a circular overhead tank, which is  located on top of
the building and about 175 members are working in
this building. The roof top area of this building is
1061.91 m2.

The boy’s hostel building is two stored build-
ing with the flat terrace roof surface, which is lo-
cated about 250 meters from the left side of the
CAE College building. Water is supplied from two
circular overhead tanks they are located on top of
the building. Nearly 66 members are staying in this
building. The roof top area of this building is  608.74
m2.

Water budgeting studies
For the water budgeting analysis, the indi-

vidual buildings of boy’s hostel and college building
were selected. The weekly demand and supplies
for these buildings were arrived at during the study
period.

Source of data
By conducting personal interview method with

the help of comprehensive interview schedule, the

data were collected from the selected college and
boy’s hostel buildings of CAE campus, Bapatla. The
data collected from the respondents include total
persons present in individual buildings, total water
requirement and estate water supply.

 Demand calculation
The total weekly drinking water demand was

calculated by multiplying the water requirement for
drinking per person per week and the number of
persons present in the building. Similarly for cook-
ing, bathing, washing clothes, cleaning dishes,
cleaning houses and flushing toilets demands were
calculated. By adding all these different demands,
the total water demand was worked out for individual
buildings.

Supply calculation
The total supply constitutes the rainfall col-

lected from rooftop surface of individual buildings
using established system components and water
supply from the CAE campus. The daily rainfall data
for the study area were collected from Meteorology
Center,  Bapatla for 10 years (1999 to 2008). By
using this rainfall data,  the weekly  rainfall was
estimated  at 40, 50, 60, 75 and 90 probability lev-
els, using Gumble distribution.  The effective rain-
water collected from the rooftop surface area was
calculated by the following formula.

 Where,

Er = Effective rainwater storage per week in liters
(L)
Dr = Depth of rainfall received during the standard
week (mm)
A = Area of the rooftop surface (m2)
C = Effective rainfall proportion for storage

Surplus or Deficit water
The surplus or deficit water was worked out

by the difference between the total supply and the
total demand i.e. total water requirement. From this
difference, the supply demand gap for various build-
ings was worked out. The cumulative supply and
cumulative demand were calculated to know the
supply and total demand of a calendar year for each
building. The saving per week was worked out by
multiplying the volume of water and with the cost of
municipal office water supply per 1,000 litres i.e.
Rs. 35 per 1,000 litres. The total cost of saving per
year was worked out by adding weekly savings.
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RESULT AND DISCUSSION
Supply – Demand analysis

This analysis was carried out to estimate the
supply-demand gap for individual building before and
after installation of the rooftop rainwater harvesting
system.

Demand analysis
The domestic water demand includes the

water required in individual building for drinking, cook-
ing, bathing, washing of clothes, washing of uten-
sils, washing and cleaning of houses and resi-
dences, flushing of latrines, etc. The total domestic
consumption generally amounts to 55 to 60 per-
centage of the water consumption. On average, this
domestic consumption under normal conditions in
an Indian city is expected to be around 135 litres/
day/person as per IS: 1172-1971. The breakup of
135 litres/day/person may be approximately taken
as shown in Table 1. The total demand of water do-
mestic purposes was estimated as 135 litres/per-
son/day from all needs or 945 litres/person/week.

The total demand of water for individual building was
calculated by adding the water requirement per head
per week.

 Supply analysis
Graphical representation of average weekly

rainfall and average weekly rainy days for 10 years
(i.e. 1999-2008) is shown in Fig. 1. The weekly rain-
fall at different probability levels i.e. 40, 50, 60, 75
and 90 %  were calculated  using Gumble’s distri-
bution and represented in Table 2.

The effective rainfall was calculated by multi-
plying the weekly rainfall at 50 percentage probabil-
ity level (chosen for this study keeping the risk fac-
tor)  with runoff coefficient (0.85). The volume of har-
vested water for each building was calculated by
multiplying the effective rainfall per week with the
roof surface area of respective building. The total
water supply was calculated by summation of the
total harvesting water and of external supply from
estate branch. Deficit/ Surplus and total savings were
calculated per year for each building.

Fig 2 Water budgeting of College Building
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(Received on 02.08.2010 and revised on 20.10.2010)

Water budgeting for college building at 50%
probability level weekly rainfall

The values of total water harvested, demand
and supply were estimated and presented in Table
3. and it is observed that the total water harvested,
total water demand, total water supply and estate
supply were 727562.10, 3503500.00, 3535562.10
and 2808000.00 litres per year respectively. Hence,
the total water surplus of 32062.10 litres per year
can be stored and used when there is deficit. It was
also found that from harvested water, a total of Rs.
25464.7 per year could be saved. Graphical repre-
sentation of cumulative total demand, cumulative
total supply, and cumulative estate supply over pe-
riod of 52 weeks (one year) is shown in   Fig. 2 and
it is observed that the cumulative supply line was
moving just less than by cumulative demand line up
to 39th week. After this week the cumulative supply
line is almost equal to cumulative demand line.

Water budgeting for boys’ hostel by using 50%
probability level weekly rainfall

The values of total water harvested, demand
and supply were estimated and presented in Table
4 and  it was observed that the total water harvested,
total water demand, total water supply and estate
supply were 417075.04, 2695680.00, 3112755.04
and 2839200.00 litres per year respectively. Hence,
the total water surplus of 273555.04 litres per year
can be stored and used when there is deficit. It was

also found that from harvested water, a total of Rs.
14597.63 per year could be saved. Graphical repre-
sentation of cumulative total demand, cumulative
total supply, and cumulative estate supply over pe-
riod of 52 weeks (one year) is shown in Fig. 3. and
it was observed that the cumulative supply line was
moving just less than by cumulative demand line up
to 25th week. After this week the cumulative supply
line drastically increased due to South-West mon-
soon.
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