Iranian Journal of Irrigation and Water Engineering _ 144

Research Paper

Evaluation Urban Drainage Network Using SWMM Model (Case
Study: Shahrood City)

Mohammad Ali Rahimi!,  Samad Emamgholizadeh?",  Gholam Hossein karami® Mahdi Delghandi 4 Zahra Ganji Noroozi®

I Master of Water Structure Engineering, Department of Water and Soil Engineering, Agriculture Collage, Shahrood
University of Technology, Iran. Email: mohammadaliii906 @gmail.com

2 Professor, Department of Water and Environmental Engineering, Civil Engineering Collage, Shahrood University of
Technology, Iran Email: s_gholizadeh517@yahoo.com

3 Associate Professor, Department of Applied Geology, Earth Sciences Collage, Kharazmi University, Iran. Email:
g.karami@khu.ac.ir

4 Assistant Professor, Department of Water and Soil, Agriculture Collage, Shahrood University of Technology, Iran. Email:
delghandi@gmail.com

5 Assistant Professor, Department of Water and Soil, Agriculture Collage, Shahrood University of Technology, Iran. Email:
z_ganji@shahroodut.ac.ir

d 10.22125/IWE.2023.357737.1666
Received:
August 24, 2022 Abstract
Accepted: The change of land use and the reduction of permeable surfaces due to urban
April 17, 2023 development are one of the main reasons for the increase in the peak discharge

Available online:

December 30, 2023 and the volume of rainfall runoff, which causes flooding of roads and damage to

urban areas. By accurately estimating the amount of runoff and properly
designing the urban drainage network, as well as managing this runoff, the
damages of urban floods can be reduced. SWMM rainfall-runoff model is one of
the most efficient models in the design of drains and urban runoff management.
Since the hydrological models must be evaluated before use, in this study the

Keywords: SWMM model was evaluated using 6 rainfall-runoff events for the city of
Urban flood, SWMM Shahrood and the efficiency of the urban drainage network for floods with return
model, runoff, periods of 2 to 15 years was investigated. For this purpose, six flood hydrographs

hydrograph, Shahroud ' of precipitation events were measured at the two main outlets of the city. The
results showed that the SWMM model with the mean square root of the
normalized error (NRMSE) of about 20% and R?=0.90 in the validation stage has
a suitable efficiency in simulating the flood hydrograph. Also, the examination of
the performance of urban drains showed for precipitation with a return period of
2, 5, 10, and 15 years, 9.1, 31.8, 36.4, and 41% of the canals are flooded,
respectively.

1.  Introduction

Flood is one of the most important and dangerous climatic events that threaten human societies. In most
cases, human activities cause the destruction of the environment and as a result intensify the effects of
natural factors during floods (Qian et al., 2021). Changing the use of agricultural land for urban
development has increased impervious surfaces. With the expansion of impervious surfaces, the natural
water balance is disrupted and causes a decrease in permeability, a decrease in concentration time, and
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an increase in runoff, which eventually increases the peak discharge and the volume of runoff and causes
flooding of roads, pollution of water sources and reduction of groundwater aquifers. Normally, natural
beds can absorb and transfer a significant amount of generated runoff, but with the change of land use,
there is opportunity for water to penetrate into the land is reduced (GebreEgziabher et al., 2020). In
recent years, researchers have used the SWMM model as a powerful model to predict urban watershed
rainfall-runoff (Zhu et al., 2023).

2. Materials and Methods

One of the basic steps in conducting flood studies is dividing the study area into sub-basins and hydrological
units (Alizadeh, 1400). In this research, to separate the urban basin into hydrological units, in the first step,
based on the land use map and topography, the initial boundary of the sub-basins was drawn using Arc map
software. In the second step, using Google Earth software and determining the slope and height points under
the watersheds, the basin borders were corrected. In the last stage, with a field visit to the water transfer
channels of the city and determining the slope of these channels, the borders of the sub-basins were modified,
and finally, the study area was divided into 18 sub-basins.

Evaluation of the SWMM model

SWMM hydrological model should be calibrated before use. Since there was no hydrometric station for
hydrograph measurement in the studied basin, the runoff flow was measured at 10-minute intervals at
the outlet of the sub-basins (Outlets number one and two). For this purpose, a micromolina was used to
measure the flow velocity and Meter was used to measure the flow depth. By determining the average
velocity and cross-sectional area of the flow at different times, the flood discharge at different times
(flood hydrograph) was calculated. To evaluate the model, 6 precipitation events were used to calibrate
the model, and three precipitation events were used for validation.

The maximum flood occurs when the duration of the rainfall is equal to the concentration time of the
basin (Alizadeh, 1400). Therefore, to calculate the concentration time of the basin, two relations of
California and Kerpich were used. In this research, to calculate precipitation with different return
periods, due to the lack of intensity, duration and frequency (IDF) curves, the relationships proposed
by Ghahraman et al.

Precipitation distribution pattern

After calculating the amount of precipitation in the design, the amount of precipitation intensity was
calculated using the triangular hydrograph method.

In this method, the hyetograph of precipitation is considered triangular so that the base of the triangle
is equal to the duration of precipitation and its height (h) is determined from equation (1). In this study,
because the precipitation duration of the design is equal to the concentration time (60 minutes), the
value of Td was also considered equal to 60 minutes; The time to reach the maximum intensity of
precipitation (ta) is also calculated from equation (2). The value of r was estimated to be 0.45 for
Shahrood based on the distribution pattern of precipitation in the region (Chow et al., 1988).

_2p
h-2 ")
ta=Td.r (Y)
3. Results

Validation results

The results of the validation for output number one (O1) show that the difference between the simulated
peak discharge and observations (error) in 5 rainfall events is less than 7% and in only one rainfall event the
error value is 17.3%. These error values show that the peak flow in the validation stage is well estimated.
Statistical indices, NRMSE, MBE, and R2 have been used to evaluate the ability of the model in hydrograph
simulation. Based on the obtained R2 values, there is a high correlation between the observed and simulated
discharge. The average value of NRMSE is about 22%, which shows the percentage of acceptable error in
flood hydrograph simulation. The average values of MBE for the two outlets No. 1 and 2 are -0.036 and -
0.053 m3/s, respectively, which shows that the simulated flow rate model has estimated less than the actual
value, which is a small difference.
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Runoff simulation results with different return periods

The evaluated SWMM model was implemented based on the design rain with different return periods.
According to the results of the percentage changes of precipitation in different return periods, compared to
2-year precipitation for return periods of 5, 10, 15, 20 and 50 years, respectively, 1.47, 1.82, 2.01, 2.12 and
2.51. It is obtained while in outlet number one, the ratio of the peak discharge caused by these rains to the
2-year rainfall is 1.71, 1.99, 2.13, 2.22 and 2.47, respectively. With the hydraulic simulation of the water
transmission channels, it was determined that with 2-year rainfall, about 10% of the channels get flooded,
and when the planned rainfall reaches 50 years, the percentage of flooding reaches 45%.

4.  Discussion and Conclusion

In this study, the SWMM model was evaluated using 6 rainfall-runoff events for the city of Shahrood, and
the efficiency of the urban drainage network for floods with return periods of 2 to 50 years was investigated.
For this purpose, the flood hydrograph of 6 rainfall events was measured at the two main outlets of the city.
The results of the model evaluation showed the appropriate efficiency of the model in simulating the flood
hydrograph (NRMSE about 20% and R2 about 0.90 in the validation stage). The examination of the
performance of urban drains also showed that for rains with a return period of 2, 5, 10 and 15 years, 9.1%,
31.8%, 36.4% and 41% of the canals are flooded, respectively.
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