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Abstract: Urban areas become more prone to flood disasters due to the rapid urbanization with increasing rate of
impermeable layers. Integrated green infrastructure is one of the most effective tools for stormwater management
and runoff reduction in urban areas. Identification of flood-prone regions is crucial for flood mitigation. Improving
permeable paving and sustainable drainage system can reduce floods in urban areas. In this study, Baris Street in
Selguklu district of Konya is selected for stormwater drainage design using rational method. The study area is very
well developed in terms of constructed buildings, but there is lack of green infrastructure. Hence, this area might
be prone to urban flood. Intensity-Duration-Frequency (IDF) curves were used for the intensity determination.
Seven different periods of 2, 5, 10, 25, 50,100 and 200 years were selected for stormwater drainage design. Rainfall
intensity determination was based on 15 minutes of duration. Rain yield was calculated for each period. The pipe
diameter for drainage system was calculated for the selected periods according to partially full pipe flow rate of
60%. As a result; 400 mm diameter for 2 years, 500 mm diameter for 5, 10, 25 years and 600 mm diameter for 50,
100, 200 years return periods have been found. Considering the increasing impacts of climate change, 600 mm of
pipe diameter for Barig Street in Selguklu district of Konya would be appropriate for the urban drainage system.
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INTRODUCTION

Rapid urbanization changed the natural cover of the ground. The impervious surfaces are increasing
day by day in urbanized areas. In urbanized areas, the rate of runoff is increasing dramatically and the
rate of infiltrations is decreasing. The high rate of runoff is one of the biggest problems in urbanized
areas which responsible for urban floods. During the history the urban drainage has been considered as
a cleaning mechanism, an effective waste transportation tool, a flooding concern, a nuisance wastewater
and a transmitter of diseases [!l.

Some stormwater management models have been developed recently. Australian water authorities
have developed a Model for Urban Stormwater Improvement Conceptualization (MUSIC) which is used
as a decision support system in urban flood management 2. Sustainable Drainage System (SuDS)
developed by Woods-Ballard et al. ¥ is a system which consists of water management by natural way!*l.
Reed B! developed the trajectory of environmentally responsible stormwater management. A
regenerative urban stormwater management methodology was developed by Perales-Momparler et al.l®,
A low-impact development (LID) urban stormwater drainage system is used worldwide for reducing the
negative hydrologic and water quality effects of urbanization ). Zakaria et al. ¥ developed a model of
bio-ecological drainage system for water quality and quantity control. Best management practices
(BMPs) in stormwater management, traditionally in a centralized manner, have been widely used
worldwide for urban runoff mitigation . In Australia, an integrated system of rainwater harvesting
storage tanks and bio-filtration has been developed for urban flood mitigation 1'%, Recently developed
models for urban flood management are given in Table 1. Most of the models among these models are
Geographic Information System (GIS) based models.

Floods in Turkey

Floods cause severe damages such as property damages and death of people to many communities
every year. The amount of flood events has been increased dramatically due to climate change. Mersin
province affected by severe floods during November and December in 2001 '], In Turkey, about 51%
of floods occurs during the end of spring season, and the big portion of the rest of flood events happen
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during the winter season. Regions which are more prone to frequent floods are Black Sea region,
Mediterranean Sea region and Marmara region respectively which approximately 52% of the floods

occur in these regions 12/,

Table 1. Recently developed models for urban flood management

Model Country Purpose References
Urban Stormwater Improvement . Decision support system in
Conceptualization (M%SIC) Australia urban ﬂoodliganag}ément Wong etal.
Sustainable Drainage Systems United Flood mitigation Woods-Ballard
(SuDS) landed rocket Kingdom (UK) etal. B!
Trajectory of environmentally United States of Flood mitigation Reed 51
responsible stormwater management America (USA)
Regenerative urban stormwater Stormwater management Perales-
management methodology Spain Momparler et al.

(6]

Low-impact development urban

stormwater drainage system (LID) New Zealand

Reducing the negative
hydrologic and water quality
effects of urbanization

Elliott and
Trowsdale [7]

Bio-Ecological Drainage System

For water quantity and quality

. . (8]
(BIOECODS) Malaysia control Zakaria et al.
Stormwater BMPs Urban runoff mitigation by Loperfido et al.
USA . N
centralized manner ]
EPA Stormwater Management Model Stormwater management [13]
(SWMM) USA EPA
Integrated system of rainwater Urban flood mitigation
harvesting storage tanks and bio- Australia Burns et al. [1*]
filtration system
GIS model by using ASTER satellite For detecting the damages and
Yilmaz and
Turkey measures to be taken for flood [14]
e Kaya
mitigation
Multi-criteria decision support model Developing flood risk maps by
using GIS Turkey using multi-criteria decision Oguz et al. 13
support model
Platform of Tiirkiye Taskin Bilgi Turke Flood modeling and Haltag and
Sistemi (TABIS) by using GIS Y information system Demir 6]
Threshold rainfall data and 3-10 days Flood disaster prediction Turgu and
. L Turkey [17]
rainfall prediction Ceylan
Flood hazard maps by using GIS and Urban flood mitigation
Hec-GeoRAS and HEC-RAS Turkey Uslu et al. (18
program
Stormwater management by Netcad Turkey Sewerage, wastewater and Netcad 119!

stormwater management

Turkey suffers from three types of natural disasters related to gravity flows. These are floods,
landslides and snow avalanches. Turkey is a prone country to the gravity flow disasters due to its
geographical location, geology and topography. Floods are the second important natural hazard with
causalities after earthquakes with an annual average of 18 significant flood events that cause 23 deaths
(201 Floods and flash floods have become frequent disasters in recent years in Mersin. Mediterranean
climate is effective around Mersin. The most important factors for transformation of meteorological
events into a disaster are; climate characteristics, vegetation, earth shapes and human activities 1. Flood
distribution in Turkey is illustrated in Figure 1. An average of around 200 floods occur every year in
Turkey, resulting in an average loss of $100 million per year 1?2,

GIS by using ASTER satellite images with 15 m terrestrial resolution satellite imaging have been
used for detecting the damages and measures to be taken for flood mitigation in Atakum district of
Samsun province ¥, Sénmez and Demir **! conducted a study in Istanbul for flood maps and
determination of water levels in every building under the flood effect. GIS was used in Artvin province
for developing flood risk maps by using multi-criteria decision support model (MDSM) 151, In Turkey,
a platform of Tiirkiye Taskin Bilgi Sistemi (T ABIS) by using GIS was tried to develop for flood modeling
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and information system [, The integrated usage of historical methods with modern methods in flood
mitigation studies could provide healthier results in flood mitigation planning. Flood mitigation might
be possible by accurate analysis of historical data in regions which are prone to flood disaster 4.
Determining appropriate mitigation methods for each settlement is a necessity in Istanbul. Measures
should be taken uninterruptedly until the decision makers make it a policy °!. Eastern Black Sea Region
of Turkey is among the regions which is prone to floods due to intense rainfall events 1*°, According to
the natural disaster records for the last 67 years in Turkey, floods have the share of 29% out of natural
disasters occurred 2!, Threshold rainfall data which may cause flood for 182 meteorological stations in
Turkey between 1980-2006 years and 3-10 days rainfall predictions are used for flood disaster prediction
17 According to Turkish Disaster Data Bank, regions with climatological, meteorological and
hydrological disasters were assessed for 1987-2017 years. 2507, 1359 and 1340 climatological disasters
were detected in Eastern Anatolia, Black Sea and Aegean Regions respectively %], Flood hazard maps
were developed by using Hec-GeoRAS and HEC-RAS program for 10, 25, 50, 100, 500 and 1000 year
periods in Samsun province ['*!. In recent years, Netcad ') has gained a wide usage in sewerage,
wastewater and stormwater management.

In natural ground cover; the breakdown of processes are 50% infiltration, 10% runoff and 40%
evapotranspiration. These rates would be 15%, 55% and 30% respectively for 75%-100% impervious
surfaces ?°1. The rates of infiltration, runoff and evapotranspiration are shown in Figure 1 for various
impervious surfaces. High rate of runoff (55%) is responsible for urban floods in highly urbanized areas
characterized by 75-100% impervious surfaces.

® Runoff  m Infiltration Evapotranspiration

60

50

40

0 % (Natural ground) 10-20 % (Low density 30-50 % (Medium density ~ 75-100 % (High density
residential) residential) residential/commercial)

Figure 1. The rates of runoff, infiltration and evapotranspiration in various impervious surfaces
adapted from Shields et al. *!

The guidance of stormwater management planning and design for Canadian province Ontario
published in 1994 and updated in 2003 with some advancements especially groundwater recharging %,
The regulation on stormwater collection, storage, and discharge systems for Turkey published in 2017
with some advancements such as groundwater recharge, rooftop rainwater harvesting, planning and
design of drainage B!,

In this study, Barig Street in Selguklu district of Konya was selected for stormwater drainage design
using rational method according to the regulation on stormwater collection, storage, and discharge
systems which was published in 2017. The study area covers 11.04 ha. The study area has many grey
infrastructures beside having lack of green infrastructures. Appropriate diameter of pipes for various
return periods has been calculated using rational method.

221



Int. J. of Environmental Pollution & Environmental Modelling, Vol. 2(4): 219-226 (2019)

MATERIAL AND METHOD

Study Area

In this study, Barig Street in Selcuklu district of Konya is selected for stormwater drainage. This
street would be prone to floods during the heavy rainfall events due to the rapid high-dense urbanization
in the area. The study area covers 11.04 ha and located 8.7 km away from the city center. The study area
was divided into three parcels. The slope of the area is %0.2 between parcel 1 and parcel 3. Study area
is illustrated in Figure 2. There is lack of green infrastructure in the study area, so the infiltration rate is
low. The high rates of runoff would cause flood event during the heavy rainfall.

Google Ea[_gh

B 2004 Gorintd Tarihi k 1036 m  gdz hiza

Figure 2. Study area: Baris Street in Selc;uklu district of Konya (Google Earth, Dlgltal Globe)

The distance between inlets are recommended between 50-70 m for pipes <1200 mm. In this study,
70 m distance was selected due to the estimated pipe diameters. The location of 24 stormwater inlets
have been determined. The study area with parcels and runoff inlets is illustrated in Figure 3.

o | | s ; —
Figure 3. Study area w1th parcels and runoff 1nlets (Google Eaﬂh Dlgltal Globe)
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Calculation of Rainfall Yield

IDF curve of Konya meteorological station was used for stormwater drainage system according to
regulation on stormwater collection, storage, and discharge systems 2017 guideline. IDF rainfall curves
are illustrated in Figure 4. Rainfall intensities for 2, 5, 10, 25, 50, 100 and 200 years period have
determined using IDF rainfall curves for 15 minutes. Partially-full pipe flow calculations have been
conducted according to the regulation on stormwater collection, storage, and discharge systems.
Maximum of 90% partially full pipe flow is recommended by the guideline. In this study, 60% partially
full pipe flow was selected due to the upstream. Time interval of 5, 10, 15 and 20 minutes are the most
commonly used intervals for urban drainage design. Therefore, time interval of 15 minutes was selected.
The most commonly used periods are 2, 5, 10, 25 and 50 years. All periods between 2-200 years were
selected for the comparison of results. The dots in graph correspond to the calculated data while the
lines correspond to the corrected data by using regression (Figure 4).

N— METEOROLOJI

Intensity-Duration-Frequency (IDF) rainfall curves of Konya meteorological station
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Figure 4. Rainfall IDF curves of Konya meteorological station

Intensity was determined from IDF curves using 15 minutes. Rainfall yield (r) was calculated by
using 7 = 166,7 x i equation. Runoff coefficient (C) 0.5 was selected according to the urban multi-story
residential buildings. The amount of runoff was calculated by using the O = C x r x 4 equation. The
range for velocity (V) in channels is recommended between 0.5-5 m/s by the regulation on stormwater
collection, storage, and discharge systems, 3 m/s was selected in this study.

RESULTS AND DISCUSSIONS

Summary table of runoff calculations is given in Table 2. Pipe diameter of 400 mm for rainfall
drainage was calculated for 2 years period. Pipe diameter of 500 mm for 5, 10, 25 years periods and 600
mm for 50, 100 and 200 years periods were calculated. The recommended partially full rate of the
drainage pipes is 90% maximum. In this study, 60% partially full rate in the drainage pipes is assumed
that the drainage pipes are already 30% full at the upstream.
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Table 2. Summary table of runoff calculations

Frequency Duration Intensity,i Rainfall Runoff Area V  Length, Q Diameter,
(year) (min) (mm/min)  yield,r coefficient, (ha) (m/s) Lo(m) (m?s) D (mm)
(L/s.ha) C
2 15 0.58 96.69 0.50 11.04 3 920 0.32 400
5 15 0.78 130.03 0.50 11.04 3 920 0.43 500
10 15 0.93 155.03 0.50 11.04 3 920 0.51 500
25 15 1.13 188.37 0.50 11.04 3 920 0.62 500
50 15 1.27 211.71 0.50 11.04 3 920 0.70 600
100 15 1.40 233.38 0.50 11.04 3 920 0.77 600
200 15 1.52 253.38 0.50 11.04 3 920 0.84 600

The rainfall intensity at Konya meteorological station for various return periods of 15 minutes
rainfall is illustrated in Figure 5. The intensity of rainfall is 35, 47, 56, 68, 76, 84 and 91 mm/hr for 2,
5, 10, 25, 50, 100 and 200 years periods respectively for 15 minutes. As obtained results show in Table
2; the pipe diameter of 500 mm has been found same for 5, 10 and 25 years which are globally commonly
used return periods. However, considering both increasing climate change impact and the result of 600
mm of pipe diameter for 50, 100 and 200 years return periods, 600 mm diameter for the drainage pipeline
would be appropriate for the urban drainage design.

100
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Intensity (mm/hr)
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m2Yr m5Yr 10 Yr 25Yr m50 Yr =100 Yr =200 Yr

Rainfall duration of 15 mins

Figure 5. The rainfall intensity at Konya station for various return periods

CONCLUSION AND RECOMMENDATIONS

Turkey is prone to hydro-meteorological disasters especially floods. Due to the rapid urbanization,
the natural cover of land has been changed to impermeable layers in most of urban areas of the country.
Therefore, urban areas become more prone to flood disaster. The rate of infiltration is higher in natural
land cover and lower in impervious surfaces. The high rates of runoff are responsible for urban flood
event due to the impervious surfaces. The factors such as climate change which cause increasing in
rainfall intensity should be taken into consideration for accurate drainage design. Identification of flood-
prone regions is crucial for flood mitigation. Improving permeable paving and sustainable drainage
system can reduce flood damages in urban areas. There is need to develop/reserve green infrastructure
areas for flood mitigation.

Rain yield calculation is recommended for drainage design in the regulation on stormwater
collection, storage, and discharge systems published in 2017. Therefore, rain yield was calculated for
various return periods. The required diameters of drainage pipes were calculated for the selected periods
according to the partially full pipe flow rate (60%). In conclusion, the pipe diameter of 500 mm has been
found effective for 5, 10 and 25 years return periods. However, considering the increasing impacts of
climate change, 600 mm of pipe diameter for Baris Street in Selguklu district of Konya would be
appropriate for the urban drainage system.
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