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Received: July 18, 2021  The risk of floods in urban basins compared to non-urban basins has increased
Revised: October 08, 2021 and has caused a lot of damage to urban infrastructure. Hence, it is necessary

Accepted:  October 09, 2021 to use approaches that, while preventing the detrimental effects on the urban
environment, provide maximum efficiency in runoff management projects at
Keywords: the source. Therefore, in the present study, the combination of structural and
Green Infrastructure non—strgctural methods of flood m_anagement and technical-economic
Hydraulic Simulation comparison of thesg methods were studied. Bent_ley StormCAD software was

. used as a hydraulic model for structural design, and modern LID-BMP
Rational Method approaches were used as non-structural methods for surface runoff

Urban Environment management. Modern approaches included were soakaway, infiltration trench,
Urban Flood rain gardens, temporary dry detention basin, and vegetated swale. The results
- of the hydraulic analysis of the network showed that the average flow rate in
*Corresponding author:  the whole network is 370 I/s and the minimum flow rate is equal to 10 I/s,
kaviani@eng.iKiu.ac.ir which justifies the possibility of using non-structural methods. A comparison

of methods showed that the use of an integrated approach to a purely
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structural approach has reduced costs by 48% and runoff by 90% over a 2-to-
10-year return period. During the 50-and 100-year return periods, it also
[= T reduced surface runoff at the outlet points of the basin by 74 and 59%,
respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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in metropolitan areas, have led to drastic changes
in the morphology of urban or near-urban
watersheds. On the other hand, the harms of
urban development include the destruction of
trees and vegetation and the reduction of land
permeability, and thus the reduction of

Introduction

Harmful human activities often lead to an
increase in floods. Population growth, advances
in science, the expansion of industrial facilities,
and the lack of space for construction, especially
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groundwater resources, which are considered
serious damage to the environment of the urban
area. Thus, these changes increase the risk of
flooding roads and significantly increase
maintenance costs and potential financial and
human losses. Computational models are used to
investigate the hydrological and hydraulic
processes in surface runoff systems within cities
and basins. These models take into account the
hydrological characteristics of the basin
including infiltration and rainfall and simulate
the hydraulic properties including flow, velocity,
and slope at different points within the basin.
One of these models is the Bentley StormCAD,
which by solving precipitation flow calculations
by numerical methods, makes it possible to
design suitable drainage systems in different
conditions. However, the design of networks
using only hydraulic models and structural
methods (such as open and covered canals or
drainage pipes and runoff collection), in addition
to being unaffordable, is also not compatible
with the urban environment. Among the
hydrological control measures that are mainly
based on the infiltration and local storage of
runoff on a small scale are Low Impact
Development (LID) methods and Best
Management Practice (BMP). The purpose of
these methods is to try to return the urban basin
to natural conditions and prevent the spread of
impermeable and low-impermeable lands in the
urban area. As a result of using these methods,
the total volume of runoff at the basin outlet is
reduced and its quality is improved. Among the
reasons for the tendency of various researchers to
new approaches to urban surface runoff, it is
possible  to maintain pre-development
hydrological functions by maintaining/creating a
natural landscape, maintaining drainage patterns
and scheduling urban catchment areas, and
ensuring the effectiveness of small-scale runoff
control projects. Other previous studies lack
detailed hydrological and hydraulic analysis of
surface runoff networks and different types of
green infrastructure, their design criteria and
characteristics, integration of surface runoff
collection networks with green infrastructure in
an urban catchment, spatial and temporal scale,
and analysis of model application analysis and
economic review of the design. Therefore, in the
present study, first, the hydraulic-hydrological
aspects of runoff management in the university
are investigated, and then through modeling, a
combination of structural and non-structural
methods of runoff management along with the
economic comparison is presented.

Environment and Water Engineering

Materials and Methods

In the StormCAD model, the most common
method of calculating the peak runoff discharge
in small basins is the rational method. According
to this method, the maximum amount of runoff is
obtained when the rainfall period is equal to the
concentration-time in the watershed. To calculate
A in the Rational method and according to the
purpose of the study, dividing the basin into a
large number of sub-basins can have several
advantages:

* Reducing the area of sub-basins and reducing
the discharge of surface runoff

* Ability to create local plans for green
infrastructure due to the small size of the basins

* Reducing the need for flood collection and
management structures

Therefore, based on the runoff collector nodes
(units) defined at the beginning and end of each
passage according to the general slope of the
ground, Thiessen polygons have been drawn to
create study sub-basins. Thiessen polygon
method is considered one of the interpolation
methods in which the value of a point is
attributed to all points that are located in the area
of the points. In spatial information systems, in
this regard, Najafabad Azad University with an
area of 294.7 ha is divided into 134 small sub-
basins and a surface water collection,
conduction, and disposal network is created in
the Bentley StormCAD model.

Results

According to the hydrological-hydraulic
modeling and also the use of new approaches
separately and in combination with structural
approaches in the collection, Conveyance, and
disposal of surface runoff of Najafabad Azad
University, the results showed that the use of the
integrated approach compared to the purely
structural approach reduces the total costs by
48% and also reduces the runoff by 90% in the
return period of 2 to 10 years. In the return
period of 25 to 100 years, due to the increase in
flood speed and lack of sufficient opportunity for
penetration, the efficiency of non-structural
approaches has a significant reduction.
Telescopic increase of geometric dimensions of
canals by moving from upstream to the outlet of
the basin, an increase of impermeable uses by
creating concrete or stone and cement canals,
high operating costs, and the need for a suitable
outlet for safe disposal of surface runoff, the
main disadvantages of structural approaches in
this Have been researching. Lack of application
in a high return period and the need for structures
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to guide runoff into LID areas are the
disadvantages of new approaches. The use of
LID-BMP designs in the return period of 2, 5,
and 10 years, on average, reduces the discharge
above 90% at the outlets. This is done through
the local infiltration of surface runoff into each
of the green infrastructures. However, in the 25
and 50- year return period, due to the increase in
flood intensity and speed and lack of sufficient
opportunity for local infiltration, as well as
insufficient dimensions of infiltration ponds and
biological waterways, the controlled runoff
decreases and in the 100-year return period up to
59% of total discharge. Assuming the use of non-
structural methods, modeling in StormCAD
software has shown that flood volume of 264,000
m3 in the 10-year return period and 317,000 m3
in the 25-year return period can be controlled.
This volume is equivalent to a flood with a return
period of 10 and 25 years, which is calculated
based on the Kerpich method at the time of
concentration of each of the proposed areas.

Environment and Water Engineering

Conclusions

A comparison of methods has also shown that
the use of an integrated approach to a purely
structural approach has reduced costs by 48%
and runoff by 90% over a 2 to 10-year return
period. During the 50- and 100-year return
periods, it also reduced surface runoff at the
outlet points of the basin by 74% and 59%,
respectively.
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Table 1 Flow Discharge in the surface runoff collection system of Islamic Azad University of Najafabad

Return Period (Year)

Parameter 2 5 10 25 50 100
Discharge (m®/s)
Mean 0.26 0.37 0.45 0.56 0.65 0.74
Max 2.19 3.16 3.89 4.86 5.59 6.33
Min 0.005 0.01 0.015 0.02 0.03 0.04
Std.d 0.31 0.44 0.54 0.68 0.79 0.89
Parameter Velocity (m/s)
Mean 1.75 1.93 2.00 2.11 2.24 2.41
Max 4.55 5.08 5.39 5.72 5.93 5.92
Min 0.280 0.33 0.350 0.39 0.41 0.43
Std.d 0.77 0.85 0.90 0.94 0.97 1.04
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Table 2 Financial estimation of the cost of constructing a network for collecting, directing and disposing of

surface runoff

Conduit Description (mm) Cost (Rial) Length (m) Total Cost (Rial)
200 x 200 13650000 1,612.70 22013355000
300 x 200 13725000 2,543.30 34906792500
400 x 200 13830000 1,683.70 23285571000
500 x 200 13910000 2,087.90 29042689000
500 x 300 26800000 2,301.80 61688240000
610 x 610 27900000 9,486.00 264,659,400,000
914 x 610 31330000 2,177.80 68230474000

1,219 x 610 54236000 1,184.50 64242542000
1,219 x914 56875000 1,187.50 67539062500
1,524 x 914 62456300 406.3 25375994690
Total Length - 24,671.40 660,984,120,690

oKisls 090 (_gl.lbxb?).‘)‘)‘ 5 LID Lglxaz,‘a ‘S{Loqb -Y Jiw
Fig. 3 LID assembly within the university basins
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Table 3 Execution costs of LID project and water
Conveyance channels to the Gl

Basin  Sub basins  Area (m?  Cost (1000 Rial)
Total 189 1000720.5 5,442,000
200x200 mm 24671 m 336,022,050
Total 341,464,000

Sl 2,850, 5 slosle slag,b SweS 4y (25,5 a0 Sl (25 analie ¥ Jour
Table 4 Comparison of runoff Discharge in three outlets with the help of structural design and integrated
approach

Return Period (Year)

Outfall System CA (ha) 2 10 25 50 100
Discharge (m3/s)

OF-1 Structural Approach 1.93 2.79 3.42 4.27 4.95 5.66
Integrated Approach 0.177 0.216 0.319 0.865 1.217 2.23

Difference (%) -90.83 -92.26 -90.67 -79.74 -75.41 -60.60
OE-2 Structural Approach 2.19 3.16 3.89 4.86 5.58 6.33
Integrated Approach 0.196 0.229 0.343 0.943 1.414 2.79

Difference (%) -91.05 -92.75 -91.18 -80.60 -74.66 -55.92
OF-3 Structural Approach 1.41 2.03 2.49 3.13 3.62 411
Integrated Approach 0.149 0.209 0.287 0.678 0.956 1.56

Difference (%) -89.43 -89.70 -88.47 -78.34 -73.59 -62.04

Mean Differences (%) -90.44 -91.57 -90.11 -79.56 -74.55 -59.52
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Table 5 Economic comparison of different scenarios

Percentage Difference of Structural

FID Cost (1000 Rial)
Approach
Non- Structural Approach 5,442,000 -99.18
Integrated Approach 341,464,000 -48.34
Structural Approach 660,984,120.69 -
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