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Abstract: Majors cities in India have witnessed huge floods
from past few decades. Due to rapid population growth and
improper urban planning the chances of creek, localised or flash
urban floods have drastically increased. Climatic changes arealso
akeyreason for heavy rainfall that increasesthe flood volume and
depth in a catchment. Modelling of Storm water playsakeyrolein
estimating flood runoff quantity and quality. To check these
issues SWMM is used to simulate floods scenario in Urban areas.
This hydrological study is carried out to smulate and understand
the rainfall runoff characteristics of the study area by using
SWMM. Itisan effective tool used for simulating flash floods and
runoff in urban areas. In this study catchments have been
subdivided into 14 partsand modelled for year 2017 rainfall events
of 1-hr interval. The present study area is evaluated by importing
AutoCAD map of the area in SWMM. Further Rainfall Data is
imported as time series in the model. The results depict that the
Runoff for the Sub catchments of S1, S2, S3, S9, S13 blocks are
maximum. The study states that no nodes are flooded and also no
overflow sections. Thus, the selected study area storm network
system has been well planned and has enough carrying capacity to
carry the simulated rainfall for a prolonged duration.
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I. INTRODUCTION

Urban Flooding is one of the most acute problem prevalent in
the existing society. Many Indian cities are facing flash
floods due to extreme rainfal event [1]. Well planned
cities/towns are less likely to face the risk due to storm water
flooding, but the problem arises in unplanned cities. Due to
the rapid increase of industrialization and urbanization there
isatremendous loss of pervious land surface, which leads to
increase in surface runoff and overflow [2]. This has cause
enormous loss to the society in terms of life and property.
Climatic changes are also akey reason for heavy rainfall that
increases the flooding problem [3]. Most of the cities are
unplanned, by considering into these issues there should be
proper planning for the outlet of storm water [4]. In this
context, there is an urgent call for the improvement and
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upgradation of the drainage system design to check the
failure of sewage system, gullies, manholes etc [5].

In 2017 due to the heavy rainfall, flash flooding situation
prevailsin Chennai which resulted in great financial loss and
business, trade was affected deeply and many employment
opportunities are lost. From these issues there is awareness
about land use planning policy and flood risk management to
safeguard the community with respect to the urban flooding.
According to the EN 752 (European Standard) the design of
drainage system should withstand for about 10 to 15 years of
service depending upon traffic infrastructure [6].

There are many reasons for urban flooding like solid waste
blocking in pipes/conduits, storm water carrying capacity is
low, encroachment of canals/water bodies. From these, there
should be a protection for urban areas, because these are the
economic and trade centers which tend to change the fate of
one’s own financial status [7]. Due to urban flooding thereis
lots of damage to infrastructure and also loss of human lives,
property, causes of epidemic diseases. Hence, proper analysis
of storm network and flood management is required in urban
areas to forecast flash flood conditions [8].

Designing of drainage system can be done by some
hydrologic and hydraulic models like MIKE Flood, SWMM,
MIKE URBAN etc. SWMM model is used to simulate the
flood volume through its one-dimensional flood routing
characteristic [9]. In case of MIKE URBAN model the two
dimensiona flow routing can be done during an extreme
rainfall event occurring in short period which results in the
flooding of drainage [10]. Roughness of the channel, slope
and flow network plays a crucial role in building model in
SWMM [11].

There are two types of estimation methods. In the physical
parameter method DEM (Digital Elevation Model) data was
deducted by spatial and geometry tools in Geographic
Information  System like Area, Width, Slope,
Imperviousness, Depression Storage, Max Infiltration rate,
Min Infiltration rate, Decay Coefficient [12]. Area, width,
Slope are computed and in the hydrological parameter
method, land cover in urban areas experimental values are
determined by using Remote sensing image I mperviousness,
Depression storage, Infiltration rate are computed from the
hydrological parameters by Remote sensing [13].

In hydraulic module SWMM is used in simulating the sub
catchments through main conduit where storm water islinked
through these sub catchments. In the calibration process both
the hydraulic and hydrologica module are performed by
Genetic Algorithm which isimplemented by GANetXI [14].
From these parameters it is observed that by using Visual
basic Application model, GANetX| and EPA SWMM, the
calibration for such a giant drainage system are satisfied in
case of peak volumes[15].
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In this SWMM model rainfal runoff is evaluated and the
behavior of flood water flow though drains and pipes.

In HEC-RAS, which is a hydraulic model generaly used in
simulation of heavy rainfall eventsincluding flash floods and
also to determinesthe water flow through open channels[16].
For evaluating normal elevation level for drainage network,
terrain model HAND isused in calibrating of low-lying areas
[17].

Arc SWAT (Soil and Water Assessment Tool) whichisatool
in ArcGIS softwareis used for watershed modelling [18]. For
computing runoff rate from rainfal, Soil Conservation
Service (SCS) curve number (CN) method also can be used
[19]. ArcGIS based modeling with the help of Digita
Elevation Model, Contour map model was simulated for
Krishna Delta Andhra Pradesh [20]. Another attempt was
made to estimate the flood and surface runoff with real time
through GIS and Remote sensing for Krishna river, here
discharge of flood from daily runoff is calculated by depth of
runoff obtained from the SCS method [21].

For calculating runoff for Sarada river basin MNRCS-CN
method isused, here various hydrological detailslikerainfall,
land use, soil information, land cover were considered in
MNRCS method. Depth of runoff was also computed by
using IRS-P4-LISSIV. Land use and Land cover patterns are
interpreted using ERDAS IMAGINE software [22]. In case
of estimating rainfall runoff, optimal Manning’s roughness
coefficient is used from Genetic Algorithm [23]. In this study
the model provides information about roughness coefficient,
the performance is tested by Correlation coefficient (r) and
Nash Sutcliffe Efficiency (NSE) [24].

Predicting frequency of flood, Gumbel’s, Hazen’s, California
methods are used for Prakasam barrage at Vijayawada. From
the results it is obtained that discharge from the barrage for
next 20 years is 1823 TMC these are generated from
Gumbel’s method [25].

Figure-1 Layout of study areain SWMM

I1. STUDY AREA

The area considered in present study is Devinagar in the
vicinity of Vijayawada city. The Geographic location of the
area is isl6°53°28”°N latitude and 80°64°31° E longitude.
The areais about 2.5 sg.km which is situated on the banks of
budameru cana. The research area is situated on
North-Eastern side of Vijayawada city. The area is situated
on an dtitude 20.5 m to 23 m above the mean sealevel. The
areaisreceiving average annual rainfall of about 2000 mm to
1100 mm for 2017 and 2016 rainfall event. Temperature here
ranging from 28 °C to 38 °C, with average temperature of 34
°C.

The data required was drawings of storm water network,
dimensions of system and Rainfall data. The 1 hr interva
rainfall data for 2017 rainfal event was collected from
Andhra Pradesh State Disaster management Authority,
drainage details and present drainage network data is
collected from Amravati Development Corporation. The
Drainage data will be shown in AutoCAD with various
features of the catchment.
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& outfalls are required. The study areais subdivided into 14
sub catchments, 14 Junction nodes, 14 Conduit links, and one
Qutfall.
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The Establishment of SWMM devel opsfrom stageto stage as
varies, first we have to Import the AutoCAD map and snip
the Design area, then check out the model parameters and
implement drawing objects.

Make sure the network presentation of each sub catchment to
the outfall through conduit and junction is clear. In case of
object parameter set up provide the area for various sub
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catchments, provide junction node Invert elevation with the
help of mean sea level values of the study area. Implement
circular conduit to the study area by providing 1 m depth. In
case of the Rain gage parameters the rainfall datais observed
in the h:m format. From the rainfall event, the data should be
entered properly on the basis of hourly data.

Fig — 2 Study area representation in Google map

Table-1 Various Sub catchments Details

Sub catchment Area (Acres) Width (m) N- Perv Average dope % Imperviousness (%)
S1 4.26 452 0.01 0.1 2 92
S2 4.32 408 0.01 0.1 25 90
S3 6.31 508 0.01 0.1 32 85
A 153 340 0.01 0.1 3 87
S5 1.45 100 0.01 0.1 4.5 85
S6 0.82 120 0.01 0.1 4 92
S7 1.85 122 0.01 0.1 25 91
S8 0.43 100 0.01 0.1 3 85
Y 3.16 220 0.01 0.1 35 76

S10 1.14 190 0.01 0.1 4.2 85
S11 2.16 220 0.01 0.1 33 83
S12 141 225 0.01 0.1 4 90
S13 2.22 240 0.01 0.1 2.8 84
S14 2.82 180 0.01 0.1 15 88

A. MODEL SETUP

In the present study, Devinagar area was modelled using
Storm Water Management Model the version used is EPA
SWMM 5.1 software. For simulating the model, sub
catchment, conduit, junction, rainfall, land use map for time

series editor.
SWMM

Data Collection Model Parameters
Urban Water Network
Data of VIA City

Rainfall Data

Importing Map/
Drawing objects

Network representation,
setting object properties

Underground Pipe
Network Data

Setting model Properties

Run Simulation, and
Results the Simulation

Figure-3 Swmm Workflow Procedure
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1. RESULT AND DISCUSSION

The Peak runoff, water elevation profile, outlet inflow and
design of sewer were smulated by using SWMM. The
selected areais divided into various sub catchments, designed
with proper sewer lines and efficient slope at each junction
node. It is observed that the SWMM has generated the peak
runoff for the three different extreme rainfall events of Aug
28, Sept 5 and Oct 12 - 2017 respectively. These results help
in understanding the Rainfall Runoff of the sub catchments
with respect to various rainfall events.

From the Table 2 it is concluded that simulation results of
Sept 5 extreme rainfall event shows that maximum flooding
occurring at S1, S2, S3, S9 sub catchments.
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Sub Catchments

A. ProfilePlot
Fig-4 Sub catchments Runoff for Sept 5 rainfall event
Water Elevation Profile: Node J1 - Outl
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, , Elevation between each Junction node is made in the model.
I Average depth(m) Maximum depth(m) e Maximum HGL (m)

The Fig 8 shows the decrease in level from node J1 to Outl.
This states that there is no water logging by providing

Fig-5 Hydraulic Gradient line Vs Node Depth minimum invert elevation.

Table - 2 Node depth Valuesfor various Junctions
14 40 AVerage a a

138 % Nl 0.1 0.1 23.71
136 30 5 2 0.13 0.13 23.27
2134 5 B 0.14 0.14 22.89
é‘ ‘ bg § 0.22 0.22 22.78
g 132 0 & 5 005 0.05 2291
&1 a % 0.26 0.26 22.59
- 154
718 - J7 0.05 0.05 22.63
%16 10 g J8 0.25 0.25 22.39
5 ¥ 9 0.29 0.29 22.18
A 124 I I I I ) 10 0.04 0.04 2259
12 I 0 J1 0.29 0.29 21.98
§1 52 3 54 S5 S6 57 S8 $9510511512513514 J12 0.05 0.05 225
13 0.28 0.28 2164
Sub Catchment J14 0.06 0.06 21.93
outl 0.25 0.25 21.08
Fig-6 Sub catchments Runoff for Oct 12 rainfall event
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Node depths for various junctions are shown in Table-2. This
understands about Average depth, Maximum depth for the
different junctions. Hydraulic gradient line for the entire
section is amost same with minimum difference. These
values help in determining proper flow by providing suitable
dope. Link flow for various sections is shown in Table-3
helps in understanding about Maximum flow for each
conduit. Conduit C13 has maximum discharge because the
runoff arisesfrom various conduits, thisLink leadsto Outfall.
Thisflow helpsin design of cross section of conduits.

Table- 3 Link Flow at various Conduits

=
Maximum Velocity Full
Link flow (Ips) (m/s) Full Flow depth
Cl 107.4 0.95 0.1 0.21
C2 211.58 1.27 0.16 0.27
C3 156.85 0.88 0.18 0.29
C4 404.08 1.11 0.47 0.48
C5 35.55 0.82 0.03 0.11
C6 454.27 0.98 0.65 0.59
C7 45.37 0.83 0.04 0.13
C8 501.85 1.16 0.59 0.55
C9 557.97 1.01 0.8 0.68
C10 29.17 0.9 0.02 0.09
C11 625.8 12 0.73 0.64
C12 36.64 1 0.02 0.1
C13 697.85 1.49 0.63 0.58
Cl4 69.72 115 0.04 0.13

The Table-4 depicts about the maximum surface runoff for
each sub catchment. it is observed that maximum flooding
has occurred at S1, S2, S3, S9.

Table - 4 Sub catchment Runoff

‘ ‘ Peak Runoff

Sub catchment Area (Acres) (Ips)
S1 4.26 105.29
S2 4.32 106.11
S3 6.31 153.91
A 1.53 38.57
S5 1.45 34.89
S6 0.82 20.37
S7 1.85 44.98
S8 0.43 11.2
S9 3.16 76.9
S10 114 28.8
S11 2.16 53.48
S12 141 35.84
S13 2.22 54.526
S14 2.82 68.81

V. CONCLUSION

Present study modelled the one-dimensional drainage
network for the Devinagar area using SWMM model for
simulating the urban rainfall runoff rate. The data required to
design the model is collected from Amravati Development
Corporation and Andhra Pradesh State Disaster Management
Authority. From this model it is observed that SWMM is
used for well-planned systematic drainage system and for
closed channels. SWMM isalso used in simul ating the design
for ungauged catchment. The result is generated from the
three extreme one-year hourly rainfall event during 2017.
Simulation results of one-year return period design storm
shows that maximum flooding occurring at J2, J4, J6, J8, J9,

Retrieval Number: B3928129219/2019©BEIESP
DOI: 10.35940/ijeat.B3928.129219
Journal Website: www.ijeat.org

3720

International Journal of Engineering and Advanced Technology (IJEAT)
I SSN: 2249-8958 (Online), Volume-9 | ssue-2, December, 2019

Ji11, J13- 104, 210, 403, 453, 501, 560, 630, 701 Ips nodes.
Some conduits C2, C3, C4, C6, C8, C9, C11 and C13, has
212, 157, 405, 454, 502, 557, 625 and 698 |ps of maximum
flow. The peak Runoff for Sub catchments are S1, S2, S3, S9
are 105, 106, 153 and 77 Ips respectively. In this model,
design depth and pesk flow are also simulated. From the
analysis of various literature surveys, it is observed that
heavy rainfall occurring for limited duration is the cause for
major floods in the urban areas which results in waterlogging
throughout the region. From these results designing and
analysis of the drains can be accompanied thus, flash flood
prevention and forecasting can be achieved. SWMM is
known as user friendly software because of the variables and
model parameters. For simulation of urban drainage system
along with SWMM we can use MIKE URBAN, HEC-RAS,
ICPR, Hydro CAD etc. For manual calculations Rational
method is the best for calculating Rainfall rate.
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