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Introduction

Qeshm city is located at the end of the eastern part of Qeshm Island, which is the
largest urban human settlement of Qeshm Island. Part of the neighborhoods of this city,
especially the eastern areas which are also towards the coast, due to the topographic slope
of the ground and also the way of human constructions, are water catchers, and after the
flood rains that occur mainly in the cold half of the year, the generated runoff does not
leave the surface of the neighborhood. This causes accumulation of surface water and
creates a source of pollution. In order to carry out civil and structural operations to remove
water from the neighborhood, the volume and flow rate of the runoff at the neighborhood
level must be predicted first. Then, based on the hydrological characteristics of the
neighborhood, the surface topology of the neighborhood, the slope of the bed and the
surface of the streets, the direction of the slope of the neighborhood and other
hydrological-physiological characteristics and land use of the neighborhood, solutions
based on the disposal of surface water from the neighborhood are made; Therefore, in this
research, SWMM hydrological model has been used for modeling, forecasting and
disposal of surface water in Qeshm city after floods.

The movement of surface water and canals in the city is a function of the slope and
the main direction of the land slope and west to east, center to north and center to south
towards the sea. In low-lying coastal areas, due to the small height difference and in some
cases the land surface is negative compared to the sea, surface water disposal is difficult.
This problem is doubled in open sea coasts that have semi-tides, and the height of the sea
water during the tides creates significant disturbances in the disposal of surface waters.
The main direction of surface water disposal is from the highlands to the plains and finally
it flows towards the sea in the direction of the general slope. The method of surface water
disposal in Qeshm city and its roads is based on the general slope of the land. Among the
areas that face the problem of surface water disposal in the city, we can mention Chabahar
neighborhood and Old Bazaar. According to the findings of flood management in
advanced and leading countries in the face of environmental crises, in this research, due
to the flooding of the neighborhoods of Qeshm city, the main goal is to simulate the
hydrological flow of Qeshm urban basins during urban floods.

Methodology
The present research has been conducted in the direction of modeling, forecasting
and disposal of surface water in Qeshm city after floods by using SWMM hydrological
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model. Thus, this research is considered to be an applied research in terms of its purpose
and a descriptive-analytical research in terms of its nature. In this research, in order to
estimate the volume of surface water in Qeshm urban sub-basins, canals and manholes
when heavy rainfall of more than 50 mm occurs, it has been simulated and estimated with
SWMM hydrological model. Using this model, the rate of conversion of precipitation into
runoff has been calculated at the level of the neighborhoods of Qeshm city. Also, in times
of flood, what is the response of the surface runoff collection network against the flood
and the amount of discharge depth and water flow in urban canals and manholes are
predicted.

Thus, in the current research, in order to estimate and simulate Qeshm urban flood
and runoff using the SWMM model, the following steps have been performed:

1) Dividing the city of Qeshm into sub-districts based on the slope and exit route of
urban runoff;

2) Drawing a map of drainage channels, manholes and the final outlet of flowing
water;

3) Preparing and entering meteorological and hydrological information into the
model;

4) Determining the unsustainable flow of Qeshm urban runoff;

5) Solving Horton's equation to calculate water penetration in Qeshm urban sub-
areas.

Also, in this study, to determine the boundary of the Qeshm urban area, the
boundaries of the basin and sub-basins were determined from the land use map and field
surveys regarding the method of surface water collection, the slope of streets and alleys,
as well as the use of a topographic map. In order to calculate the characteristics of the
canals, field visits and note its characteristics such as the length of the pipe, the roughness
coefficient, the shape of the cross-section, the width of the floor and the cross-sectional
area are required. The specifications of the connections and the location of the flow of
water of each sub-basin into the drainage network channels have been calculated through
field visits and determination of their physiographic characteristics using ArcGIS
software.

Results and Discussion

In this study, two events (2019/6/17) and (2020/1/9) were used for the SWMM model
interface. In order to analyze the results from the NASH criterion, the third event
(2020/4/5) was used to evaluate the model as well as to analyze the results of the error
coefficient and the average square squares. The results of calibrating the model with the
observed values of discharge, depth and runoff velocity with the NS and RMSE criteria
indicate their appropriate compliance and the ability of the model to simulate the
hydraulic behavior of floods. The output of the model showed that in the event of 70 mm
of rain, 47.8 mm of it turned into runoff. This issue has created 355 million liters of water
in Qeshm city, which manholes and drainage channels in residential and dense sub-areas
with a reverse or very low slope, where the ground is flat and located in the eastern part
of Qeshm city near the coast, do not have enough capacity to transfer the runoff. This
caused the flooding of urban sub-districts. The depth of water rises from the surface of
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canals and manholes in Chabahar and Old Bazar neighborhoods and spreads over the
neighborhood. These neighborhoods are water catchers and water enters the
neighborhood with an intensity of 9 to 10 meters per second and suddenly the water
stagnates as the slope of the bed decreases. In general, the largest volume of flooding in
the neighborhoods of the old texture of Qeshm city in the eastern areas has occurred in
the neighborhoods of Old Market and Chabahar, where between 100 and 200 million
liters of water exited the canal and entered the neighborhood; Therefore, the results of
this model show that the surface water disposal system of Qeshm city, especially in the
eastern areas and near the coast, needs to be improved and designed to transfer runoff
caused by floods.

Conclusion

Understanding the hydraulic behavior of runoff caused by urban floods plays an
important role in planning and formulating management strategies for flood control.
Researchers have also used computer models such as SWMM, HEC-HMS and HEC-RAS
along with geographic information system to simulate and estimate flood flow in different
uses.

In the present study, the amount of urban runoff was estimated using the SWMM
model, and the observed and simulated values were used in the evaluation of the model,
and the results of the validation criteria indicated the acceptability of the model simulation
results. The result of urban flood modeling in Qeshm indicated that dense areas and the
old structure of Qeshm city, including Bazar Qadim and Chabahar neighborhoods, due to
the very low slope and flat surface and even the reverse slope of the land bed, are
waterlogged during floods and surface water does not leave these neighborhoods. This
problem causes that manholes and drainage channels in these neighborhoods do not have
enough capacity to transfer runoff during floods. With these conditions, the results of this
research can be available to planners and designers of surface water management systems
and urban drainage network of Qeshm.
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