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Application of GIS and SWMM model to assess urban flooding in
Hung Phu 1 Residential Area of Cai Rang District

Ngan Thanh Nguyen'", Trung Hieu Nguyen?

ABSTRACT

Cai Rang District is a fast-growing urban district in Can Tho City. In recent years, the construction
land areas in this district have expanded at a rapid rate, showing that the urbanization level in this
region is quite strong. Besides urbanization, Cai Rang District also faces three important environ-
mental problems: climate change, land subsidence, sea level rise. These problems make urban
flooding in this inner-city district quite serious. One of the areas often affected by urban flooding in
CaiRang District is Hung Phu 1 Residential Area. This paper introduces the preliminary results of the
application of GIS and SWMM model to assess urban flooding in Hung Phu 1 Residential Area. The
research has shown the main features of urban flooding in the study area, including the degree of
flooding, time of flooding, flow velocity, flood volume and locations that were often flooded. Simu-
lation results from the SWMM model indicate that when heavy rain and high tide occur at the same
time, most roads in the northern area of Hung Phu 1 Residential Area were flooded. Heavily flooded
roads were Ly Thai To Street, Nguyen Ngoc Bich Street, Hoang Van Thai Street, A2 Street, A6 Street,
B3 Street, B18 Street, B20 Street, B23 Street. The day with the heaviest flooding in the study area
was 22/10/2021. The obtained data is an important basis for developing suitable flood reduction
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solutions and improving the quality of life of the residents in Hung Phu 1 Residential Area.
Key words: Urban flooding, GIS, SWMM model, Cai Rang District, Hung Phu 1 Residential Area

INTRODUCTION

Cai Rang is a fast-growing urban district located in
the south of Can Tho City. This district is an impor-
tant socio-economic center of the city. According to
statistical data for 2021, Cai Rang district has an area
of 67.82 km?, a population of 107,766 people with a
population density of 1,589 person/km?, is one of the
three administrative units with the largest population
concentration in Can Tho City!. The whole district
has a combined drainage system for both storm water
and wastewater like most other urban areas in Viet-
nam?. In the current period, Cai Rang District has
the phenomenon of increasing construction land area
at a rapid rate. This phenomenon shows that this area
has a strong urbanization level. Besides urbanization,
three other environmental problems that Cai Rang
District is facing are climate change, land subsidence

and sea level rise’

. These negative environmental
problems make urban flooding in this district quite
serious.Hung Phu 1 Residential Area is located in the
north of Cai Rang District, which is an area frequently
impacted by urban flooding. This is a new residen-
tial area with modern infrastructure and convenient
location for socio-economic development. In recent
years, this residential area is often flooded in the rainy
season, especially on days with heavy rain and high

tide. Urban flooding has made travel difficult, creat-
ing an environment for disease transmission and re-
ducing the quality of life of residents. In order to re-
duce the negative impacts of flooding, this research
is handled to combine GIS and SWMM model to as-
sess urban flooding in Hung Phu 1 Residential Area.
The SWMM model has been used in many countries
to solve problems related to urban flooding, bringing
many practical and positive results in drainage man-
agement *~14. The SWMM model is also used in many
localities in Vietnam to support urban drainage and
flood control 1719,

RESEARCH METHODS

Research methods

To work out the research problem, a directional ap-
proach using GIS combined with drainage model is
deployed to assess urban flooding in Hung Phu 1 Res-
idential Area. GIS is used to build data layers de-
scribing the drainage network, while drainage model
is used to imitate urban flooding. The QGIS software
is chosen to digitize the drainage data layers because
it is open source software so it is royalty free to use.
In addition, this software has a diverse and efficient
library of supporting tools. The drainage model cho-
sen to simulate urban flooding is SWMM because it
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Gathering pertinent data

QGIS software

Digitizing drainage data layers

QGIS software + inpPINS tool

Processing input data for drainage model

SWMM model

Simulating urban flooding with drainage model

SWMNM model

Presenting the results in the form of maps and graphs

Analyzing the results and suggesting solutions

Figure 1: The flowchart of the research process.

has proven effective in solving flooding problems in
many countries. In this research the flooding assess-
ment process is divided into six main steps: (1) gath-
ering pertinent data, (2) digitizing drainage data lay-
ers with QGIS software, (3) processing input data, (4)
simulating urban flooding with SWMM model, (5)
presenting the results in the form of maps and graphs,
(6) analyzing the results and suggesting solutions. The
general research process is shown in Figure 1.

Research data

To assess urban flooding in Hung Phu 1 Residential
Area, this research uses four main types of data: (1)
reports on urban drainage and flooding, (2) rainfall
and water level data, (3) high resolution satellite im-
ages, (4) the drainage drawings. Urban drainage and
flooding reports are used to assess the overall status
of drainage in Hung Phu 1 Residential Area. These re-
ports are collected from the Can Tho City Department
of Construction. Rainfall and water level data, an im-
portant input to the SWMM model, are gathered from
the Can Tho City Hydrometeorological Center. High
resolution satellite images are collected using Google
Earth Pro software. The images showing the land
covers of Hung Phu 1 Residential Area belong to the
Maxar Technologies imagery. The drainage drawings
depicting the main components of the drainage net-
work is obtained from the Can Tho City Department
of Construction. Figure 2 shows the study area se-
lected to simulate urban flooding.

RESULTS AND DISCUSSION

Results of building vector drainage data
layers in Hung Phu 1 Residential Area

The drainage data layers of Hung Phu 1 Residential
Area are built using the Create Layer tool of QGIS
software. These data layers are digitized based on high
resolution satellite images and drainage drawings with
the format selected as Shapefile (*.shp) to suit various
GIS software. High resolution satellite images are col-
lected using Google Earth Pro software, and then con-
verted from the original coordinate system to UTM
zone 48N WGS84 coordinate system. Drainage draw-
ings from the Can Tho City Department of Construc-
tion are used to extract the necessary data layers and
georeferenced in UTM zone 48N WGS84 coordinate
system. After georeferencing process, drainage draw-
ings are converted to Shapefile format to be used on
QGIS software.Based on satellite images and drainage
drawings, vector data layers representing the main
components of the drainage network of Hung Phu 1
Residential Area are created. These components in-
clude roads, sidewalks, blocks, vegetation covers, sew-
ers and manholes in the study area. The subcatch-
ment layer is built based on blocks and vegetation
covers with 129 objects. The link layer is built based
on sewers with 366 objects. The node layer is built
based on manholes with 361 objects. The above three
data layers (subcatchments, links, nodes) are the ba-
sic components to generate input data describing the
drainage network in the SWMM model. Figure 3 de-
picts the thematic map showing the main components

of the drainage network in the study area.
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Figure 2: The map of Hung Phu 1 Residential Area.
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Figure 3: The thematic map of the main components of the drainage network in Hung Phu 1 Residential

Area.
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Results of simulating urban flooding in
Hung Phu 1 Residential Area

The input data for the SWMM model is built based
on the vector drainage data layers digitized using the
QGIS software. The properties of the subcatchments
are updated based on information from satellite im-
ages and vector layers. The main components of
the drainage network on the SWMM model are de-
picted in Figure 4. Hourly rainfall and water level
data are also two important data types for operating
the SWMM model. These types of data are collected
from the Can Tho City Hydrometeorological Center
with time series format. The urban flooding simu-
lation process is carried out during the period from
20/10/2021 to 23/10/2021. This period is chosen be-
cause of heavy rain and high water levels. Figure 5
shows the graphs of hourly rainfall and water level in
Can Tho City during the simulation period.

After the input data preparation step is the model cal-
ibration step, the parameters of the SWMM model
are adjusted to suit the actual conditions in the study
area. Adjusting the roughness coeflicient of the con-
duits, the slope of the subcatchments, the roughness
coefficient of the permeable and impermeable sur-
faces through the following steps:

- Simulating and comparing simulation results us-
ing the SWMM model with measurement results on
20/10/2021.

- Adjusting the parameter set by the gradual trial
method for the parameters selected for the initial sim-
ulation to increase the NASH.

- Using the adjusted parameters to validate the model
with data on 21/10/2021.

The validated parameters are selected as follows:

- The roughness coefficient of the conduits: 0.015.

- The slope of the subcatchments: 0.50.

- The roughness coefficient of the permeable surfaces:
0.15.

- The roughness coeflicient of the impermeable sur-
faces: 0.013.

Validating results at outfall N151 located on Nguyen
Ngoc Bich Street of Hung Phu 1 Residential Area show
that the NASH coefficient is 0.94. Figure 6 is the graph
comparing simulated and measured flow rate at out-
fall N151 during the validation period.

After being calibrated and verified, the SWMM model
is used to simulate urban flooding in the study area
at selected time period (4 days). Preliminary flood
simulation results at Hung Phu 1 Residential Area are
shown in Figure 7 to Figure 14 respectively.

The modeling results show that 348 out of 361 nodes
(about 96% of the total) are flooded due to the influ-
ence of rain and tide during the simulation period.

The simulation results also express that maximum
rate varies from 2.37 1/s to 19,022.46 1/s, total flood
volume varies from 1,000 1 to 14,230,000 1, flooding
time varies from 0.01 hours to 2.81 hours. The day
with the highest number of flooded nodes during the
simulation period in the study area is 22/10/2021. The
node with the longest flooding time is N188 (2.81
hours) on Nguyen Ngoc Bich Street. The simulation
results also show that most of the roads in Hung Phu 1
Residential Area are flooded during the study period
due to the impact of rain and high tide. Table 1 intro-
duces some typical parameters of the nodes with the
longest flooding time in the simulation area.

CONCLUSION

The simulation results have reflected the current sta-
tus of urban flooding in the study area through char-
acteristic parameters such as flow rate, flow velocity,
flood volume, inundation times and hours of flood-
ing. The data from the simulation show the level of
flooding and frequently flooded locations in Hung
Phu 1 Residential Area. Simulation results from the
SWMM model indicate that when heavy rain and
high tide occur at the same time, most roads in the
northern area of Hung Phu 1 Residential Area were
flooded. Heavily flooded roads were Ly Thai To Street,
Nguyen Ngoc Bich Street, Hoang Van Thai Street, A2
Street, A6 Street, B3 Street, B18 Street, B20 Street,
B23 Street. The areas with the longest flooding time
were on Nguyen Ngoc Bich Street. The day with the
highest number of flooded points during the simu-
lation period was 22/10/2021. The information ob-
tained from the simulation is the initial basis for
building appropriate solutions for each flooded loca-
tion, thereby minimizing the harmful effects of urban
flooding and improving the quality of life of the resi-
dents in the study area. This research also proved that
the SWMM model is a useful tool for scientists and
managers in urban flood assessment. The research has
built a process using QGIS software in combination
with SWMM model to assess urban flooding, reduc-
ing time and labor in building input data for drainage
model, creating an effective method in studying urban
flooding. The research results and methods used are a
useful reference for similar studies on urban flooding
in Can Tho City in particular and the Mekong Delta
in general.
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Table 1: The parameters of the nodes with the longest flooding time.
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Figure 4: The diagram of drainage network at Hung Phu 1 Residential Area on SWMM model.
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Figure 5: The graphs show the hourly rainfall and water level in the period from 20/10/2021 to 23/10/2021.
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Figure 7: The diagrams show Max Lat Flow (m?/s) at nodes in Hung Phu 1 Residential Area.
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Figure 8: The diagrams show Max Flooding (m?/s) at nodes in Hung Phu 1 Residential Area.
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Figure 9: The diagrams show Total Flooding (megaliter) at nodes in Hung Phu 1 Residential Area.
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Figure 10: The diagrams show Hours Flooded (hour) at nodes in Hung Phu 1 Residential Area.
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Figure 11: The diagrams Max Flow (m?/s) at links in Hung Phu 1 Residential Area.

Figure 12: The diagrams Max Velocity (m/s) at links in Hung Phu 1 Residential Area.
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Figure 13: The diagrams Hours Full (hour) at links in Hung Phu 1 Residential Area.
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Figure 14: The diagrams Hours Limiting (hour) at links in Hung Phu 1 Residential Area.
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Ung dung GIS va mé hinh SWMM danh gia hién tuong ngap dé thi
tai Khu dan cv Hung Phu 1 Quéan Cai Rang

Nguyén Thanh Ngan'"*, Nguyén Hiéu Trung?

TOM TAT

Quan C&i Rang la maét quan nodi d6 co tée dd phat trién nhanh & Thanh phd Can Tho. Trong nhiing
nam gan day, dién tich dat xay dung trén dia ban quan mdé rong véi téc dd nhanh cho thay muc
d6 do6 thi hoa tai khu vuc nay khd manh. Bén canh do thi hoa, Quan Cai Rang con phai déi mat vaéi
ba van dé méi trusng quan trong: bién déi khi hau, sut ltn dat, nuéce bién dang. Nhing van dé
nay khién tinh trang ngap do thi tai viing nay kha nghiém trong. Mot trong nhiing khu vic thuong
xuyén bj dnh huédng bdi ngap do thi & quan Cai Rang la Khu dan cu Hung Phd 1. Bai bao gidi thiéu
két qua Uing dung cong nghé GIS va mo6 hinh SWMM dé danh gia hién tuong ngap dé thi tai Khu
dan cu Hung Phu 1. Nghién ctu da chi ra nhimg dac diém chinh cda hién tugng ngap dé thj tai
khu vuc nghién ctiu bao gém muc d6 ngap, thai gian ngép, lugng 14, van téc dong chay va cac v
tri thuong bi ngap. Két qua moé phong tir mé hinh SWMM cho thay khi mua 16n va triéu cudng xay
ra cung luc, hau hét cac tuyén dudng & khu vuc phia Bac Khu dan cu Hung Phi 1 déu bi ngap. Cac
tuyén dudng bi ngap nang la dudng Ly Thai T6, dusng Nguyén Ngoc Bich, dudng Hoang Van Thai,
duong A2, dudng A6, duong B3, dudng B18, dudng B20, ducng B23. Ngay xay ra tinh trang ngap
lut ndng nhat tai khu vuc nghién ctu la ngay 22/10/2021. Cac s6 liéu thu dugc la co s& quan trong
dé xay dung céac gidi phap gidm ngap pht hap va nang cao chét lugng cudc séng clia ngudi dan
Khu dan cu Hung Phu 1.

Tu khoa: Ngap do6 thi, GIS, mé hinh SWMM, Quan Céi Rdng, Khu dan cu Hung Phu 1
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