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Abstract

Flood is one of the most widespread and catastrophic natural hazards for settlements in different parts of
the world. Eskisehir has faced numerous floods at varying scales, especially in the last century. Porsuk
Stream moves in an artificial channel through the Eskisehir city center. The bed of Porsuk Stream is
expanded and cascaded at the entrance to the city center, and the stream has been turned into one of the
attractions of the city by increasing its water level with nine regulators. Expanding the river bed is a
frequently used method to reduce flood risk. However, in Eskisehir, the fact that the river bed is kept largely
filled with water is a major source of risk in case of flooding. The study is based on a scenario in which
flooding occurs due to the failure of regulator covers to open. In the study field, the sensitivity of the
numerical field model that was created along the stream bed was further improved by measuring lengths
and depths throughout the channel. Within the framework of the scenario, the water levels that can change
with flood discharges were determined, and inundation areas were calculated. The results revealed that,
according to the flood discharges in Porsuk Stream with probabilities of occurrence in every 50, 100, and
200 years, areas of 3.20 km?, 4.03 km?, and 4.48 km? would be flooded, respectively. The maximum
discharge with a return period of 200 years (Qzo0) is 194.46 m3/s, which, if realized, would result in
inundation of 1.58 km?Z of residential areas and 0.55 km? of agricultural land. Of the total flood area, 35%
will be residential areas, 33% will be airports, 12% will be agricultural lands, 9% will be green areas, 7%
will be industrial areas and 3% will be sports facilities.
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1. INTRODUCTION

Flooding is a natural process involving the overflowing of land that is not submerged by a body of
water (Ward, 1978; Baker, 2013; Berghuijs et al. 2019). Natural disaster statistics show that the
number of floods has tended to increase more in recent years when compared to other natural
disasters (CRED, 2003; Dutta and Herath, 2004; URL 1; Dottori et al. 2018). According to the trend
analyses for natural disasters, the frequency of floods has also increased in recent years (Berz,
2001; Kleinen and Petschel-Held, 2007; Shi et al. 2020; Pinos and Quesada-Roman, 2021).

Natural and anthropogenic factors have important roles in flood causation (Simonovic, 2012).
Anthropogenic factors may directly stem from human-built structures (dams, regulators,
channels, water reservoirs etc.) and erroneous urbanization policies, or they may be an indirect
product of the pressure on the climate system. During the period from the Industrial Revolution
to today, Earth’s climate system has been put under great pressure. Due to that pressure, the
number and frequency of flood disasters have increased in different geographies (McCabe et al.,
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1997; Milly et al., 2002; Hirabayashi et al., 2013; Ozdemir and Leloglu, 2014; Amellah et al. 2020;
Dahri and Abida, 2020; Kaya Melisa et al., 2020). Global climate change also causes an increase in
seasonal anomalies (McCabe et al., 1997; Korkmaz, 2022a).

Cities are expanding, with or without planning, on a global scale due to the increasing human
population. With that expansion come changes in the land use in cities. Today, city centers are
faced with greater risk of flood due to changing land use and climate (Ashley et al., 2005; Chang
and Franczyk, 2008; Huong and Pathirana, 2013; Li et al,, 2013; Erkal and Baris, 2013). The
abundance of impervious surfaces in urban areas also increases the risk of flooding. A large part
of the precipitation begins to flow on impervious surfaces (Scalenghe and Marsan, 2009;
Strohbach et al,, 2019). The increase in impervious areas in cities and the conversion of a greater
proportion of precipitation to runoff, increase the frequency of flooding (Cutter et al., 2018). One
of the key factors in assessing flood risk is to determine the recurrence interval of floods, or the
frequency at which floods of a certain magnitude are expected to occur (Korkmaz, 2022b).

Between 1998 and 2017, two billion people around the world were affected by floods, and floods
caused economic losses of over 656 billion dollars (URL 1). Of the natural disasters occurring
during that period, 43.4% were floods (URL 1). The number of people who lost their lives due to
floods was over 8000 in 2010 alone (URL 2). Within that framework, determining the frequencies
of floods and their effects and appropriate responses by decision makers to those results have
vital roles in the management of disaster scenarios. For the determination of high-risk areas based
on the increased global flood rate, the importance of flood inundation mapping and land planning
according to that mapping has gradually increased (Chen et al., 2009; Masood and Takeuchi, 2012;
Alfieri et al,, 2014; Bharath and Elshorbagy, 2018). HEC-RAS (Hydrologic Engineering Center’s
River Analysis System) software is also frequently used in flood analysis (Tate and Maidment,
1999; Yang et al., 2006; Quirogaa et al., 2016; Costabile et al., 2020; Namara et al., 2022).

In Turkey, similar to the worldwide trend, flooding is the second most devastating natural disaster
type, after earthquakes that cause loss of lives and economic damage. Between 1955 and 2012,
1480 people have died, and billions of dollars have been lost due to floods in Turkey (0SiB, 2015).

The study area, Eskisehir, is in the western region of Central Anatolia. It is among the important
industrial and residential centers of Turkey. Eskisehir has faced numerous floods at varying
scales, especially in the last century (URL 3). In the twentieth Century, two large flood disasters
occurred in the Eskisehir city center due to Porsuk Stream. The first of those floods occurred in
1909 (Koylu, 2008), and the more recent flood occurred in March of 1950 (Simsek, 2014). Archival
records show that the flood in 1950 destroyed 3000 housing units (TBMM, 1950) and caused a
severe housing problem when thousands of people became homeless.

Eskisehir city center, which is among the most important cities in Anatolia Peninsula, is
developing in the floodplain of the Porsuk Stream and its surroundings. In general, flood events
in Eskisehir city center may occur due to scenarios originating from excessive precipitation, dam
failure, or regulator failure. In this context, numerous flood studies have been carried out for
Eskisehir. Haltas et al. (2016) focused on a dam failure for various dam breaching scenarios and
utilized the numerical modeling of the propagation of flood waves downstream of the dam.
Bayazit et al. (2019) aimed to develop the flood risk analysis of the Porsuk River by utilizing the
methods of Remote Sensing (RS) and Geographical Information Systems (GIS). In addition, a
regulator-based flood study has not been investigated for Eskisehir city center.

In the study, a flood scenario was created for Porsuk Stream, which passes through the Eskisehir

city center and moves in an artificial channel. Models were formulated on the basis of the scenario,
and answers were sought as to how the flood would be distributed in the city center and which
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areas would be flooded. Thus, in the present study the high-risk regions according to the disaster
scenario were determined.

The overall goal of the present study is to create the flood inundation maps of Eskisehir city center
based on the flood scenario in which the regulator covers fail to open. Also, this paper contributes
the scientific knowledge to evaluating the flood outputs obtained from previous studies (excessive
precipitation and dam failure), and the regulator-based flood outputs of this study will help the
decision-makers to reach more accurate results.

1.1. Study Area

Porsuk Stream is one of the main tributaries of the Sakarya River and has a drainage area of
~10147 km?. It drains 6% of the Sakarya Basin, and its main tributary is ~460 km long. The
foothills of Murat Mountain in Kiitahya are the source of the river. The drainage area of Porsuk
Stream includes the city centers of Eskisehir and Kiitahya. The study deals with the western part
of the Porsuk Basin, extending to the stream’s exit at the Eskisehir city center. The Upper Porsuk
Basin has a drainage area of ~6442 km? and is situated between 38°44’ and 39°55'N latitude and
29°38’ and 30°34’ E longitude. Precipitation in the basin is transported by Porsuk Stream to the
Sakarya River through the artificial waterways passing through the Eskisehir city center (Figure
1).

In the study region, the most important tributaries of Porsuk Stream are Cat, Sarisu,
Sabuncupinari and Ilica streams (Figure 1). Sarisu Stream drains the north of the basin, while
Sabuncupinari and Ilica streams drain the northeast of the basin. Cat Stream drains the southeast
of the basin.
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Figure 1. Western part of the Porsuk Basin (Upper Porsuk Basin)
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Characteristics of two different climates are observed in the basin. In the southern part of the
basin, a Mediterranean transition climate is observed, while continental climate is observed in the
areas to the north of Kiitahya (Saris et al.,, 2010). Tables 1 and 2 show the long-term temperature
and precipitation parameters of the meteorological observation stations for Eskisehir and
Kiitahya, which are located upstream of study field.

Table 1. Long-term mean monthly temperature (°C)

Month
JAN FEB MAR APR  MAY  JUN JUL AUG SEP OCT NOV DEC
Kitahya 03 1.6 5.0 100 144 183 20.7 202 164 116 6.2 1.9
Eskisehir -0.5 1.1 5.0 100 149 190 219 214 169 118 58 1.1

Source: Eskisehir and Kiitahya Meteorological Stations

Station

Table 2. Long-term monthly precipitation (mm)

Month
FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Kitahya 65.3 55.3 52.8 56.7 50.6 314 194 169 22.0 44.0 554 783

Eskisehir 38.8 28.8 33.3 43.7 45.7 28.6 145 10.0 14.3 30.8 329 42.7
Source: Eskisehir and Kiitahya Meteorological Stations

Station

According to the long-term monthly temperature data, the lowest temperature values are
observed in December, January, and February. The highest and lowest mean monthly
temperatures were recorded in July (21.9 °C) and January (-0.5 °C) at the Eskisehir meteorological
observation station, respectively. According to the long-term precipitation data (1975-2008), July,
August, and September are the driest months. A decreasing trend in precipitation prevails were
determined in autumn (Cicek and Duman, 2015). Above-average precipitation was recorded in
December and January at the Kiitahya meteorological observation station and in April, May, and
December at the Eskisehir meteorological observation station.

Along the Kiitahya-Eskisehir axis, the area drained by Porsuk Stream’s flow is characterized by
high temperature and low precipitation values (Figure 2). The region near Kiitahya, with the
highest precipitation amount, also has the lowest mean temperature value. Considering the long-
term data, the west axis of the basin receives more precipitation than its northeast axis (Figure 2).

Porsuk Stream moves in an artificial channel through the Eskisehir city center. The bed of Porsuk
Stream is expanded and cascaded at the entrance to the city center, and the stream has been
turned into one of the attractions of the city by increasing its water level with nine regulators
(Figure 3). Water of about four meters depth is held in a nearly thirty-meter-wide channel by the
regulators. The portion of the channel above the water level is nearly two meters high. That height
forms the channel level that would be subject to sudden discharges if regulator covers do not open
rapidly.
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Figure 3. One of the river regulators in Porsuk Stream channel

2. METHODOLOGY

The study is based on the flood scenario in which the regulator covers fail to open in high flow

conditions. Maximum discharges with return periods of 50 (Qs0), 100 (Q100), and 200 (Qz00) years
were estimated by using probability distribution function.

Field and desk studies were carried out simultaneously in the study based on the flood scenario
to compile the flood inundation maps. Figure 4 outlines the methodology followed in the study.
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Figure 4. Study methodology

In this study, the Hydrologic Engineering Center’s River Analysis System (HEC-RAS) and
Geographic Information System (GIS) software were preferred for spatial mapping. ArcGIS GIS
software and its special extensions Hec-GeoRAS were used for hydraulic modeling, mapping, and
analyses.

The parameters required for analyses and calculations were measured directly during the field
study. In the Eskisehir city center, measurements were taken along the Porsuk Stream channel.
The channel depths, water levels, and channel widths were measured for whole regulators before
and after with a 100 m-long tape measure. The digital terrain model of the route taken by the
Porsuk Stream channel in the Eskisehir city center was created in the GIS by using the contour
lines on the 1:25000-scale topographic maps. The dimension information collected during the
field studies was added to the digital terrain model. Hence, the stage at which the increase in the
flow of Porsuk Stream, based on the flood scenario, would turn into flooding could be accurately
detected.

Qs0, Q100, and Q200 were calculated by using probability distribution function. In general, flood
frequency analysis and inundation analysis studies depend on the data of the study field (flow,
precipitation, temperature, etc.) and variable time parameter (Moel et al., 2009). Statistical
estimation methods are commonly used in such studies, which involve highly complex and large
datasets, greatly helping the interpretation and evaluation of complex datasets (Bedient and
Huber, 2002).

Log-Normal (LN), Gumbel, and Log-Pearson Type III (LPT III) are commonly used probability
distribution functions for maximum flow estimates in the literature (Ciirebal et al., 2016; Utlu et
al,, 2020; Ahad et al., 2022).

The LN, distribution is a one-tailed probability distribution for any random variable whose
logarithm is normally distributed (Crow and Shimizu, 1987). The hydrological variable may be
skewed to the right for some reasons. In this case, the frequency does not fit the normal
distribution, but since this variable is functionally normal, its logarithms fit the normal
distribution (Usul, 2013).
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If y = log x has a normal distribution with probability density function is given by equation 1.

1 —(V—u.2/252
[ = gme ™ P, x>0 (1]

In the equation f (x) represents the probability density function, o, represents the standard
deviation of y, and u,yrepresents the mean of y (Usul, 2013).

Gumbel (1958) developed the Gumbel extreme values theory by considering the distribution of
the smallest or largest values in repeated samples. In fact, the theory is a special probability
function developed by Gumbel for floods. According to the Gumbel distribution, a flood is the
largest of the 365 daily flows, and an annual series of flood flows represents a succession of
principal values of flows (Ahad et al., 2022). The theory of extreme values is concerned with the
distribution of the largest or smallest observations occurring in each repeated sample group
(Usul, 2013).

The probability of a flood equal to or greater than x in the Gumbel distribution is given by equation
2.

p=1—e*" [2]

In the equation, p represents the probability of flooding, and y represents the special variable
(Usul, 2013). The value of y is determined by equation 3.

y=alx— x) [3]

In the equation, y represents the flood value corresponding to the probability of p. a represents
the dispersion or scale parameter, and x, represents mode value of the distribution.

When the observation period is long (n = 30), the values of y, and o,become constant. In this
case, a and x,values are calculated by using equation 4 and 5.

_1.28255

Ox

[4]

[5]

One of the most widely used distributions in flood analyses is the LPT III distribution (Uslu, 2013;
Ahad et al,, 2022). The LPT III distribution is a skewed distribution bounded by the left side. Since
the skewness coefficient is sensitive to extreme events, it is not suitable for small samples (Usluy,
2013). When the skewness coefficient is zero, the LPT III is identical to the log-normal
distribution. Flow data (Q) is obtained by taking the inverse logarithm of the value (Z;), which is
obtained by using equation 6 (IACWD, 1982; Usul, 2013).

Zr = @ + K OlogXx [6]

In the equation, log X represents the mean value of the logarithms of the flow data for the years, K
represents the flood frequency factor coefficient, and 0),gx represents the standard deviation

value of the logarithms of the flow data for the years. The standard deviation of the flow data and
skewness coefficient of the flow data are obtained by using equation 7 and 8.

X(log x-logx)*
Ologx = /T [7]
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[8]

In this study, for evaluating the suitability of different probability distributions, Kolmogorov-
Smirnov (K-S) goodness-of-fit test is used (Yevjevich, 1972). The K-S test is used to decide
whether a sample comes from an assumed continuous distribution and is based on the empirical
cumulative distribution function (Kolmogorov, 1933; Smirnov, 1939, Yevjevich, 1972).

The K-S statistic value (D) is calculated by using equation 9.
D = Max |F(x) — P(x)| [9]

In the equation, F (x) represents the goodness of fit of a theoretical distribution function, P (x)
represents the empirical distribution function. If the test statistic is greater than the critical value
at a chosen significance level, the hypothesis is rejected. In this study, the decision was made
according to the critical value at the significance level of 0.05 (a). For significance level of 0.05
(n=76), the critical value is 0.1558. The K-S statistic values are given in table 3.

Table 3. K-S statistic value

Probability distribution function D

Log-Normal 0.1696
Gumbel 0.1599
Log-Pearson Type II1 0.1158

As a result of the K-S test, it was decided that the most suitable distribution for the data set was
LPT III. The LPT III distribution is a statistical method based on annual maximum flow data and
used in the estimation of maximum discharges at varying intervals in rivers (Rao and Hamed,
2000; Ozdemir, 2008).

Flow data used throughout the study were obtained from the General Directorate of Electrical
Power Resources Survey and Development Administration (in Turkish, Elektrik Isleri Etiid
Idaresi, “EIE”). Gauging station E1203 is 855 m above sea level and has a drainage area of ~39000
km?. Gauging station E1203 is situated 40 km southwest of the Eskisehir city center. The existence
oflong-term and continuous observation data and the station’s location behind the dam weir were
the main reasons for selecting that station. The time series including data on monthly discharge
for 1936-2011 from the corresponding station were used.

By taking the CORINE data for 2012 as reference, the land use distribution of the Eskisehir city
center was determined. Thus, the degree to which the settlement areas, industrial areas,
agricultural areas, and airport would be affected by the floods was revealed.

Topographic data were prepared by using ArcGIS and then transferred to the HEC-GeoRAS
module. The cross-sections along the 16.9 km line were formed in the module (Figure 5). Water
levels and flooded areas were determined with the HEC-RAS program according to the Qsg, Q100,
and Qzoo calculated with LPT III.

In the study area, Porsuk Stream moves in a concrete open channel. Therefore, Manning’s
Roughness Coefficient was taken as 0.012 for the calculations.
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Figure 5. Cross-sections created for the flow of Porsuk Stream in Eskisehir

3. RESULTS AND DISCUSSION

Expected maximum floods at E1203 gauging station for Qso, Q100, and Q200 were calculated by using
annual maximum discharges. Probable maximum discharges were determined using the LPT III
method and are shown in Table 4. As a result of the LPT III calculations, estimated maximum
discharges with return periods of 50, 100, and 200 years are 136.54 m3/s, 164.30 m3/s, and
194.46 m3/s, respectively (Figure 6).

Table 4. Maximum discharges for Qso, Q100, and Q200

p:‘r':z‘(‘lrz‘n Kiower Kupper Slope K catculated Log(%?)-ds QT(‘QﬁfS
50 194 20 055 1.98 2.13 136.54
100 217 2252 0.74 2.23 2.21 164.30
200 238 2482 094 2.46 2.28 194.46

The Porsuk Stream passing through the Eskisehir city center was turned into a fixed channel that
is about thirty meters wide and six meters deep. The flow in the channel was modeled with HEC-
RAS software according to the maximum discharges with return periods of 50, 100, and 200 years.
In the case of open regulators, Qso and Q100 do not cause any flooding. On the contrary, Q200 would
cause a very small flood, but the flood would not result in an important inundation.

For the case in which the regulators could not open for any reason, and the expected maximum
discharges would have to flow over a two-meter-deep water load, different flood areas emerge.
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Figure 6. Flood frequency of study area

The maximum discharge with the return periods of 50 years (Qso) is 136.54 m3/s, and it is
estimated that a total area of 33.20 km2 would be flooded in the city center in the case of its
occurrence. Table 5 shows the areas in the city center that would be covered with flood water
with respect to land use type. This reveals that 1.27 km? of the settlement areas would be flooded
and that Qso would cause the inundation of 0.42 km? of agricultural areas. Of the total flood area,
40% would be settlement areas, 25% would be the airport, 13% would be agricultural lands, 11%
would be green areas, 8% would be industrial areas, and 3% would be sport facilities.

Table 5. Flooded areas in the city center for Qso

Land Cover Area (km2) Percentage (%)

Continuous urban fabric 1.27 40
Industrial or commercial units 0.26 8
Airport 0.79 25
Sport and leisure facilities 0.11 3
Green urban areas 0.34 11
Permanently irrigated land 0.42 13

Total 3.20 100

Figure 7 shows the flood inundation map created by using the data obtained in the study. The
figure reveals that the flood waters mostly threaten settlement areas in the case of Qso.

The maximum discharge with the return periods of 100 year (Qio0) is 164.30 m3/s, and it is
estimated that a total area of 4.03 km? would be flooded in the city center in the case of its
occurrence. Table 6 shows the areas in the city center that would be covered with flood water
with respect to land use type. This reveals that 1.46 km? of the settlement areas would be flooded
and that Q100 would cause the inundation of 0.49 km? of agricultural lands. Of the total flood area,
36% would be settlement areas, 31% would be the airport, 12% would be agricultural lands, 10%
would be green areas, 8% would be industrial areas, and 3% would be sport facilities.
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Figure 7. Flood inundation map for Qso

Table 6. Flooded areas in the city center for Q1oo

Land Cover Area (km2) Percentage (%)
Continuous urban fabric 1.46 36
Industrial or commercial units 0.33 8
Airport 1.24 31
Sport and leisure facilities 0.12 3
Green urban areas 0.39 10
Permanently irrigated land 0.49 12
Total 4.03 100

Figure 8 shows the flood inundation map created by using the data obtained in the study. The
figure reveals that the flood waters would especially threaten the settlement areas and the airport
in the case of Q1oo.

The maximum discharge with the return periods of 200 year (Qz0) is 194.46 m3/s, and it is
estimated that a total area of 4.48 km2? would be flooded in the city center in the case of its
occurrence. Table 7 shows the areas in the city center that would be covered with the flood water
with respect to land use type. This reveals that 1.58 km? of the settlement areas would be flooded
and that Q200 would cause the inundation of 0.55 km? of agricultural lands. Of the total flood area,
35% would be settlement areas, 33% would be the airport, 12% would be agricultural lands, 9%
would be green areas, 7% would be industrial areas, and 3% would be sport facilities.
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Figure 8. Flood inundation map for Qioo

Table 7. Flooded areas in the city center for Qzoo

Land Cover Area (km2) Percentage (%)
Continuous urban fabric 1.58 35
Industrial or commercial units 0.30 7
Airport 1.50 33
Sport and leisure facilities 0.13

Green urban areas 0.42

Permanently irrigated land 0.55 12
Total 4.48 100

Figure 9 shows the flood inundation map created by using the data obtained in the study. Similar
to the case of Qioo, the flood waters would threaten settlement areas and the airport almost at
equal levels.

The results of the study show that, in the case of the movement of the flood discharge in a two-
meter-deep channel, floods would occur in the city center with different distributions under
different flow conditions.

The time series of Gauging station E1203 for the years 1970-2011 which is located upstream of
the Porsuk Dam were used in the study. Furthermore, Sarisu, Sabuncupinari, and Ilica streams are
joined to the Porsuk Stream from downstream of Gauging station E1203. The discharge values of
those tributaries are not included in the study because of the location of the Gauging station
E1203. Within this scope, considering the water amount carried by the side tributaries, the Qs,
Q100, and Qzoo discharges would be expected to be higher than the calculated values.
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Figure 9. Flood inundation map for Qzoo

There are numerous studies in the literature for Porsuk Stream in which used different scenarios
and flood discharges are calculated by using the LPT III distribution. Bayazit et al. (2019), aimed
to develop the flood risk analysis of Porsuk Stream at recurring periods of 50, 100, and 1000 years.
Their turning periods of 50, 100, and 200 years discharge of Porsuk Stream which is calculated as
51.83 m3/s, 60.15 m3/s, and 68.92 m3/s respectively. Those calculated values are smaller than the
present study. In our opinion, that may be due to time series belonging to a different gauging
station located downstream of the dam have been used. In addition, due to the Qso, Q100 flood
discharges, their flood inundation maps have differences from the present study. Moreover, it is
thought that the main reason for this is that they do not consider the artificial bed geometry and
flow characteristics that Porsuk Stream in the city center. Using the MIKE 11 method, Karaer et al.
(2018) created a flood model for Porsuk Stream. In their study, they calculated the Qso, Q100, and
Q200 flood discharges as 1083 m3/s, 1100 m3/s, and 1108 m3/s, respectively using the LPTT III
distribution. The values calculated by those researchers are considerably higher than those found
in this study. Gauging station was not clearly stated in their research. Hence, the main reason why
the LPTIII distribution results are quite different is thought to be due to the use of time series
belonging to a different gauging station than the one used in this study. The location of the
measurement stations, the methodology used, and the input data used in these studies can also
lead to different results. Haltas and others (2016) investigated the distribution of a flood wave
occurring in the Eskisehir city center on the basis of a destruction scenario that could occur at
Porsuk Dam. Their results showed that the channel could not resist the flood discharge and that
an area of 127 km? would be affected by the flood. The flood discharge value they found for the
worst-case scenario is close to the Qzo0 flood discharge found in this study.

4. CONCLUSION
The abundance of impervious surfaces in urban areas increases the risk of flooding. Most of the

precipitation starts to run off on impervious surfaces. The increase in impervious areas in cities
and the fact that a larger proportion of rainfall turns into runoff also increases the risk of flooding.
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In addition to this, keeping the water level too high in the river channel running through the city
can make the city much more vulnerable in case of flooding.

In the study, a special flood scenario was created for Porsuk Stream, which passes through the
Eskisehir city center. The scenario is based on the failure of the regulator covers to open and the
movement of a sudden flow two meters deep over the existing water body in the channel.
According to the scenario, flood inundation maps were created for the Qso, Qi00, and Q200
discharges were calculated by using the LPT III distribution.

The results of the study indicated that floods would occur in the city center for various maximum
flows as Qso, Q100, and Q2o discharges. The areas in the city center that would be flooded by the
Qs0, Q100, and Q200 discharges are 3.20 kmz?, 4.03 km?, and 4.48 km?, respectively. The areas with
the highest risk are the settlement areas and the airport. Green areas, industrial areas and sports
facilities are also vulnerable to flooding.

To ensure the rapid discharge of the Porsuk channel through the regulators, the maintenance of
the regulator covers should not be neglected, and the covers should be tested regularly. It is
expected that the regulator-based flood outputs of this study will help the decision-makers to
reach more accurate results. It is also necessary to take precautions against the possibility of a
long-term power outage. In such a case, it is necessary to install devices that will enable the
regulators to operate independently of the city's electricity network.
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