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Uncontrolled floods always cause extensive financial and human losses in cities.
Flood control is one of the most important goals of urban management. In this
regard, an attempt has been made to investigate the effect of delayed ponds on the
flood control of the Eghbal Floodway located east of Mashhad. East Eghbal
Floodway, with a sub-catchment of about 13850 ha, is one of the most significant
floodways of the developing Mashhad metropolis, including eight major floodways
and 213 sub-catchments with many urban facilities. To evaluate and simulate the
flood path, the precipitation pattern was calculated using different methods,
including the concentration time of each sub-catchment. The most extended length
of the stream, the uniform distribution of catchment sensitivity, periodic block, and
peak flood flow caused by critical rainfall with a 50-year return period were
calculated at the outlet. Finally, according to the topography of the area and
available places using two, three, and four detention ponds to consider 11 different
scenarios (economic-hydraulic), the peak flow of the flood decreased, and the time
of peak flow increased. By evaluating and comparing different scenarios, scenario
number 11 (using four detention ponds reduces the peak flood discharge by 48%)
was the best hydraulic scenario. In addition, scenario number 4 (using two detention
ponds reduces peak discharge by 24%) was the best economic scenario. A dry
trapezoidal catchment within the network with two outlets, a lower opening, and a
rectangular overflow was modeled in SWMM5.0. Geographic Information System
(GIS) and SWMMS5.0 rainfall-runoff simulation have been used to determine the
physical component of sub-catchments.
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EXTENDED ABSTRACT

Introduction: Development and construction in cities have caused an increase in impervious surfaces and an
increase in the volume of runoff due to rainfall, which, if the necessary measures to direct and control the runoff
are not considered, will cause extensive financial and human losses. In this regard, various software models are
used to simulate rainfall-runoff. There are different structural and non-structural LID methods for flood control
and management. Meanwhile, using flood control ponds in urban catchments is very effective. One of the flood
mitigation methods is storing and controlling floods in the upper parts of the catchments, which is done by
building flood control dams. Building said dams are usually impossible in flat areas and plains, so artificial
ponds and pools or natural pits on the ground are used to control floods (ICOLD, 1973). In Iran, water supply is
a critical and vital issue, and most cities in Iran need help in supplying drinking and non-potable water.
According to the government's plans, collecting the city's surface water for non-drinking and irrigation purposes
is possible, and it helps solve the crisis providing by water for the citizens (Rashidi Mehrabadi, 2019). The
current research was conducted to investigate the effect of the construction of delay ponds on the existing
surface water collection and channel network to reduce the peak discharge and increase the time to reach the
peak of the flood, as well as to protect urban facilities and downstream areas from the risk of flooding.
Methodology: East Eghbal catchment in Mashhad city is evaluated as a case study in this research. It is
divided into 213 sub-catchments based on the existence of different types of conveyors and channels and taking
into account the 1:2000 digital maps of the study area from the country's mapping organization, and based on
topography, land use characteristics and the main branches of the collection network and the outlet of the runoff.
According to the considerations related to the location of tanks, such as considering the abandoned lands and
green space, using Google Earth maps and Mashhad Comprehensive Spatial Information System and field visits,
the site of the tanks was done. Then, four different methods were used to obtain a suitable rainfall pattern,
including uniform rainfall pattern, most extended waterway length, uniform distribution of catchment sensitivity
with consistent rainfall cards, and periodic block method. The final network has 214 nodes and 206 transmitters
with a rectangular section, and seven transmitters with a circular section are modeled in Storm Water
Management Model (SWMM). After locating and determining the location of the proposed flood control
reservoirs and considering the extraction of different areas, these reservoirs are modeled in the software, and
their impact on the output discharge is determined. Each flood control tank consists of an orifice and an
overflow. The parameters related to the orifice and rectangular overflow affect the amount of flood adjustment.
Therefore, modeling the flood control reservoirs in the software has determined these parameters as a trial-and-
error process.

Results and Discussion: According to the topography of the region and the available places, the placement of
four delayed ponds in Figure (1). By considering different scenarios, including eleven combined scenarios of
two to four reservoirs, the optimal economic and hydraulic states were determined. Due to the location of the
ponds, considered abandoned lands, parks, and green spaces, the cost of land acquisition has yet to be included
in the calculations. The final dimensions of the reservoirs were obtained according to trial and error and
downstream flooding control and in the form of a dry reservoir with a circular orifice at the bottom of the
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reservoir and a rectangular emergency overflow to pass the flood of the design with a 50-year return period and
flood permeability control with a 100-year return period. Examining different hydraulic scenarios shows that
small delay ponds have a negligible effect on flow regulation, and this small effect also decreases with time and
along the course of the waterway. The presence of several flow adjustment structures in a single catchment can
change the peak flood timing due to the combination of hydrographs. The abovementioned phenomenon can
decrease or increase the peak flood downstream of the network. Therefore, it is necessary to check the effect of
the flood control structure in the collection or the entire surface water collection system in the design process of
reservoirs.

Figure 1- The channels and flow paths related to various sub-catchments and the location of the East Eghbal flood
control catchments and the borders between the sub-catchments (Technical and Civil Deputy of Mashhad
Municipality, 2013)

According to the examination of different situations (Table 1), the best hydraulic situation scenario number 11 is
the use of four delay tanks and a 47.5% reduction in the output flow of the East Eghbal outlet, and the best
economic situation is option number 4, the use of two tanks (tanks number 2 and 3) which has the lowest cost
per percent reduction of peak flood discharge. It is worth noting that the worst hydraulic condition is option
number 1, with a minor decrease in flood peak discharge, and the worst economic situation is option number 2.

Table 1- Combined states of reservoirs

Cost for each one

) The cost of Flood The outlet discharge after ~ The outlet discharge
percent decrease in

building tanks reduction the construction of ~ before the construction of ~ Name

P
o

(tc))ilIJItiFZ) l:]t IfQIiOaVI\;) (billion Rials) percentage reservoirs (m°) reservoirs (m°)
4.26 3.7 8.77 163.56 179.64 tank 1,2 1
3.94 81.7 20.7 142.45 179.64 tank 1,3 2
7.6 153.4 20.2 143.2 179.64 tank 1,4 3
3.67 88.9 242 136.1 179.64 tank 2,3 4
7.01 160.7 22.9 138.4 179.64 tank 2,4 5
6.23 205 329 120.5 179.64 tank 3,4 6
3.74 104 27.79 129.49 179.64 tank 1,2,3 7
6.39 175.7 27.5 130.1 179.64 tank 1,2,4 8
5.72 227.3 39.7 108.3 179.64 tank 2,3,4 9
6.1 220.1 36.04 114.9 179.64 tank 1,3,4 10
5.1 242.4 475 94.08 179.64 tank 1,2,34 11
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Conclusion: Obviously, due to the increasing expansion of Mashhad city due to the centrality and attraction of
the population and the authorized and unauthorized constructions on the outskirts of the city, the studies related
to the eastern Eghbal, which includes a large part of the marginal lands, should be reviewed every few years.
And according to the new conditions, a decision should be made regarding the remedy of the existing situation.
It is worth mentioning that the volume of flood stored for two reservoirs, including reservoirs number 1 and 2, is
14468 (m?) and for three reservoirs, including reservoirs number 1, 2, and 3, is 132017 (m°), and for four
reservoirs including reservoirs number 1, 2, 3, and 4 is 219620 (m?).
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Figure 1- The channels and flow paths related to various sub-catchments and the location of the East Eghbal flood
control catchments and the borders between the sub- catchments (Technical and Civil Deputy of Mashhad
Municipality, 2013)
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Figure 2- a) Determining the sensitivity time of the catchment and b) precipitation pattern by periodic block method
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Table 1- Outlet discharge with different precipitation patterns

Output flow rate (m°) Method
135.96 Concentration time of each sub-catchment
79.43 Concentration time of the most extended waterway length
113.78 Uniform distribution of catchments sensitivity
179.64 Periodic block
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Figure 3- Network modeling and delay ponds in SWMM 5.0
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Figure 4- Schematic design of trapezoidal delay catchment with circular orifice outlet and rectangular overflow
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Figure 5- Hydrograph of production runoff at the outlet of East Eghbal Flood Way with two delay ponds (50-year

return period)
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Figure 6- Hydrograph of production runoff at the outlet of East Eghbal Flood Way with three delay ponds (50-year

return period)
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Figure 7- Hydrograph of production runoff at the outlet of East Eghbal Flood Way with four delay ponds (50-year

return period)
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Figure 8- a) Placement of delay pond 1 in Namaz Boulevard, Zakaria branch, b) Placement of the delay pond 2
Zakaria branch, and c) Placement of delay pond 3 inside Torogh Park, Abu Dhar branch and d) Placement of delay
pond 4 at Mashhad Airport, East Eghbal Flood Way
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Table 2- Dimensions and final specifications of delay ponds

Length of the overflow The height of the overflow Orifice diameter Tank dimensions The name of the
crest (m) crown (m) (m) (m) delay tank
1 42 0.5 76.8x53.5x5 MAKH-1
15 35 0.6 94.7x62.3x5 MAKH-2
3 35 0.7 167.5x98.7x5 MAKH-3
55 3 1.2 243x136x5 MAKH-4
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Table 3- Combined states of reservoirs
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Cost for each one The_co_st of . The outlet discharge after ~ The outlet discharge
percent decrease in  building  Flood reduction the construction of before the construction Name No.
output flow _ tanks percentage reservoirs (m°) of reservoirs (m°)
(billion Rials)  (billion Rials)
4.26 3.7 8.77 163.56 179.64 tank 1,2 1
3.94 81.7 20.7 142.45 179.64 tank 1,3 2
7.6 153.4 20.2 143.2 179.64 tank 1,4 3
3.67 88.9 24.2 136.1 179.64 tank 2,3 4
7.01 160.7 22.9 138.4 179.64 tank 2,4 5
6.23 205 329 120.5 179.64 tank 3,4 6
3.74 104 27.79 129.49 179.64 tank 1,2,3 7
6.39 175.7 27.5 130.1 179.64 tank 1,2,4 8
5.72 227.3 39.7 108.3 179.64 tank 2,3,4 9
6.1 220.1 36.04 114.9 179.64 tank 1,3,4 10
5.1 242.4 47.5 94.08 179.64 tank 1,2,3,4 11
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