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Abstract

Introduction: Iran is facing shortage of water resources due to the
climate in which it is located. Since large areas of urban surfaces are
Impenetrable streets, the volume of water harvested from these surfaces
is significant and can reduce the pressure on water resources and meet a
large portion of the non-potable demands, it also prevents the spread of
pollution caused by overflows and backlogs in surface water collection
facilities and uneconomic increase of their volumes.

Materials and Methods: In this paper, the design of rainwater harvesting
system from asphalt surfaces was carried out with the aim of meeting part
of the green space demand of Tarbiat Modares University faculty of
agriculture, using drone images. For this purpose, available data of 22
years of daily precipitation and 761 aerial images were obtained using DJI
Phantom3 Professional drone. Then, the digital elevation map of the case
study was prepared and to determine the runoff direction, the basin of the
area was carried out in the GIS. Reliability percentage and overflow ratios
of the tanks were estimated for each level for different tank volumes. Then
the optimal volume of each tank was determined using genetic algorithm.
Findings: The results showed that due to the topographic status of the
faculty street surfaces, the runoff from them could not be collected in one
tank, so 4 tanks A, B, C and D with optimized volumes of 6.15, 3.46, 1 and
20 cubic meters were considered in different parts of the street surfaces,
respectively.

Conclusion: With designing rainwater harvesting systems, a significant
amount of rainwater can be stored for non-potable consumption.
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Introduction

Climatically, Iran is one of the arid and semi-
arid regions of the world. Frequent droughts
and excessive groundwater extraction are
critical to the country's water situation.
Population growth, traditional agriculture,
inefficlent management, and a desire for
development have also exacerbated the
crisis. On the other hand, the distribution of
precipitation in the country is not the same
and most of the precipitation occurs on the
shores of the Caspian Sea and the western
half of the country. Therefore, due to Iran's
small share of freshwater, it is necessary to
find a solution to compensate for the deficit
of water supply and demand balance. One of
the well-known and old methods of
providing non-potable water is the
construction of rainwater harvesting
systems. Compensating for water scarcity by
increasing water resources is not the only
advantage of rainwater harvesting systems,
but if they are properly designed, they can
also reduce the volume of urban runoff,
which reduces the size of runoff collection
facilities and prevents the spread of
pollution. This paper aims to design a
rainwater harvesting system for Tarbiat
Modares University's college of agriculture
using unmanned aerial vehicle (UAV) images
to meet the water demands of the college's
green space.

Materials and Methods

The college of agriculture, Tarbiat Modares
University, located in Tehran, was selected
as the study area. This college covers an area
of 35 ha, of which 2.8 ha are street surfaces.
In this paper, images of DJI Phantom3
Professional UAV were used to prepare the
map of the college. Flight information
including flight height, sweep width, image
overlap, and shooting range was given to the
UAV using the PIX4D CAPTURE software and
the UAV begins to imaging according to this
information. Also the Agisoft. Photoscan
software was used to process the images. In
this software, the images taken with the
UAV, based on their coordinates, which are
recorded by the UAV's GPS, are mosaicked.
To determine the runoff direction, the basin

of the study area was carried out using the
digital elevation map in the GIS software and
then, stream networks were drawn. Since
the trees in the college have different species
and ages and also the green space of the
college is non-standard, so in this study, the
average water demand of each tree was
considered 6 L/day and Alfalfa and Grass
water demands was considered 5 mm/day
according to previous experiences. Trees
and green spaces do not need irrigation
during the rainy season, but to prevent
runoff and water losses, it was assumed that
the demand was constant throughout the
year, and the stored water during rainfall
could be used to provide other non-potable
uses. The modeling of the rainwater
harvesting system was performed using
daily water balance modeling technique in
MATLAB software. One method to
determine the optimal volume of tanks is to
optimize in Matlab software using a genetic
algorithm. To solve a problem using a
genetic algorithm, it must be converted into
the special form required for this algorithm.
Therefore, an objective function must be
defined. In this paper, the objective function
was considered to maximize profits.
Therefore, all annual expenses and revenues
should be converted into the start year of the
project. Hence, revenues and expenses were
converted into the first year using the net
present value index (NPV), and the volume
of the tank with the highest NPV was
selected as the optimal volume of the tank.

Findings

To generate the digital elevation map, the
images of the UAV were processed using
Agisoft.Photoscan software. Due to the
topographic condition of asphalt surfaces,
their runoff cannot be collected in one tank,
therefor, 4 tanks (A, B, C and D) were
considered in different parts of the college.
To eliminate additional costs, all tanks were
considered underground, so that, runoff
could enter them gravitationally. Hence,
there was no need to pump runoff into them
and also prevent space occupancy. However,
it is necessary to pump the stored water to
distribute it in the consumption sites. The
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reliability results showed that on A Street,
the maximum number of days that harvested
rainwater from the surface of this street can
meet the surrounding green space demand is
equal to 57.85% of all days of the year and
the lowest percentage is related to the tank
with 1m3, which is equal to 13.64%. Among
the assessed streets, the lowest reliability
percent is related to C Street, so that, on this
street, the maximum number of days that the
harvested rainwater can meet the daily
demand of the surrounding green space is
equal to 2.73% and the lowest percentage of
meeting this water demand is equal to
2.09% of the all days of the year. Also the
tank optimization results showed that due to
the relatively low catchment area connected
to Tank C, the volume of runoff entering this
tank is also low. On the other hand, the water
demand from this tank is significant.
Therefore, the daily runoff entering it is
consumed at the end of the day and there is
no need to install larger tanks to store water
for the next day. Hence, the optimal volume
of Tank C was equal to 1m3. Also, due to the
low catchment area connected to Tank D, the
volume of runoff entering this tank is high
and a tank with a large volume must be used
to be able to store this volume of water.

Discussion
In this paper, the reliability and overflow
ratio of a rainwater harvesting system and
finally the design steps of the mentioned
system, including specifying the stream
network, determining the installation
location of the tanks, and the optimal volume
of the tanks were examined. The results are
as follows:

e Based on selected optimal volumes, for
Tanks A, B, C, and D, about 159809, 8306,
420655 and 895856 liters of water can be
stored per year, respectively. However, if
the final cost is not considered, more water

can be stored by selecting larger tank
volumes.

e As the volume of the tank increases, the
reliability percent will also increase, which
the slope of the curve dwindles, as long as
the reliability percent tends to be constant,
which will not be economical to use tanks
larger than this value.

e As the water demand increases, the
reliability percent decreases, and stored
rainwater will be able to meet water
demand in a low percentage of the days of
the year.

o If the volume of used tanks is large, the
overflow ratio will decrease, so that there
will be no more overflow and it will not be
economical to use tanks with a larger
volume.

Conclusion

Finally, according to the findings of the
present study, it can be concluded that with
designing rainwater harvesting systems, a
significant amount of rainwater can be
stored for non-potable consumption.
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