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Abstract

Floods are becoming a major problem in many countries because of natural and anthropogenic risks that occur in
stream regions. Although the impact of floods cannot be completely eliminated, it is important to develop flood
models to minimize them. In this study, one-dimensional hydraulic model was developed for the Zeytinli Stream
located in the western part of Turkey using HEC-RAS software. Digital elevation model, stream network, flow
paths, and cross-sections of the study region were produced with the help of 1/5000 scale maps on Geographical
Information System (GIS) environment. Flood analyses were performed based on the flood discharges for different
return periods (5, 10, 25, 50, 100, 500-year) and water surface profiles were obtained. The paper also proposed
different prevention scenarios and accordingly repeated flood risk analysis. Changes in water surface elevations
and flow areas of the stream were calculated. Based on the results obtained, various evaluations and suggestions
were made for the region.

Keywords: Flood risk analysis, Flood prevention scenarios, HEC-RAS, Zeytinli stream.

Ozet

Akarsu yakinlarinda meydana gelen dogal ve antropojenik riskler nedeniyle tagkinlar bir¢ok iilkede énemli bir
sorun haline gelmektedir. Taskinlarin olumsuz etkileri tamamen ortadan kaldirilamasa da tagskin modellerinin
gelistirilmesi zararlarini en aza indirmek agisindan 6nemlidir. Bu ¢caligmada, Tiirkiye'nin batisinda yer alan Zeytinli
Deresi i¢cin HEC-RAS yazilimi kullanilarak tek boyutlu bir hidrolik model gelistirilmistir. Cografi Bilgi Sistemi
(CBS) ortaminda 1/5000 6l¢ekli haritalar yardimiyla ¢calisma bolgesinin sayisal yiikseklik modeli, akarsu agi, akis
yollar1 ve kesitleri tiretilmistir. Farkli doniis araliklarma (5, 10, 25, 50, 100, 500 yil) karsilik gelen akislar igin
tagkin analizleri yapilmis ve su yiizeyi profilleri elde edilmistir. Calismada ayrica farkli tagkin 6nleme senaryolari
Onerilmis ve buna gore taskin risk analizleri tekrarlanmigtir. Su yiizeyi yiikseklikleri ve akis alanlarmdaki
degisimler hesaplanmistir. Elde edilen sonuglara dayali olarak bolge icin cesitli degerlendirmeler yapilmis ve
tagkin 6nleme Onerileri sunulmustur.

Anahtar Kelimeler: Tagkin risk analizi, Taskin 6nleme eenaryolari, HEC-RAS, Zeytinli deresi.
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1. INTRODUCTION

Many people have been affected by meteorological,
climatological, and hydrological natural disasters
compared to earthquakes, volcanic activities etc. during the
last quarter of the century over the World. In Turkey,
according to a report by the Turkish State Meteorological
Service (MGM with Turkish acronym) in 2018, 90% of the
recorded large-scale disasters were the weather-related
cases such as floods in the last 20 years (MGM, 2018) [1].
Floods are generally large-scale natural disasters that are
expected to worsen due to global climate changes.
Recently, many model-based studies have been conducted
to determine the effects of floods and thus to reduce flood
damage [2-9].

Many studies related to flood modelling and the
development of flood dispersion maps for different parts of
Turkey are also available in the literature. Akkaya and
Dogan (2016) performed 2D flood modeling of the Meri¢
and Tunca Rivers that passes through Edirne city center
and generated flood inundation maps [10]. Based on the
study, it was recommended to perform solid material
clearance operations particularly during dry seasons,
because of the high solid material content carried along
with the floods. Dag (2019) used the peak flood rate values
at different return periods of years, the water profile along
the Altincay creek route in Antalya has been simulated
using HEC-RAS software and the flood risk areas were
determined on a station basis. As a result of the study, it
was recommended to expand the channel widths. In the
study by Celiker et al. (2020), peak flows for return periods
of 2, 5, 10, 25, 50, 100, 500 and 1,000 years, flood water
depths and inundation areas of Capakgur, Gayt and Goyniik
streams passing through Bingdl Province center with the
help of HEC-RAS [11]. They proposed reclamation
structures such as check dams, grade control structures and
afforestation to reduce flood damages. Ogras and Onen
(2020) handled the floodplain analysis between
Diyarbakir-Silvan Highway and historical Ten-Eyed
Bridge and suggested decrease in the roughness coefficient
and a tunnel for extracting flooding waters to prevent
possible damages [12]. 1D and 2D flood dispersion maps
will be established by HEC-RAS software for the Sakarya
river in Geyve district of Sakarya Province, Turkey for 100
and 500 years of recurrence flow rates in the study by
Ceribasi and Ceyhunlu (2020), [13]. They suggested
mostly socio-economic methods to minimize the effect of
floods, such as establishment of a flood early warning
system, and commissioning of a flood insurance system. As
seen from the aforementioned studies, the precautions to
reduce flood damage depend on the environmental
conditions of the region.

Therefore, the flood risk of the area under consideration
should be thoroughly investigated and region-specific
methods should be recommended, accordingly. Following
the previous investigations, in this study, flood risk analysis
is made for the Zeytinli Stream which is located in Edremit;

the north-western part of Turkey with the help of HEC-
RAS software. Based on written sources, the lowland
sections of the Zeytinli Stream have been used intensively
in terms of human activities from 1443 BC to the present
and continue to be used [14-15].

The agricultural lands previously covered a large area from
the coast to the inland. However, these lands are now
mostly occupied by summer residences for tourism
purposes. Forest areas were destroyed, swamps were
drained, and settlements expanded toward these areas.
These types of land use put pressure on the natural
environment of the region and cause various problems such
as flooding (Fig 1). To prevent flooding problems, this
study also includes the proposal of different flood
prevention scenarios for the study area and comparison of
the results.

Fig. 1. Floods in the study area [16].
2. STUDY AREA

Zeytinli Stream located in Edremit,Northeastern part of Turkey is
selected for flood risk analysis in this study (Figure 2). The river
flowing from northwest to southwest is 29.43 km long, and the
drainage area of the basin is 119.46 km?. The average elevation is
approximately 784 m and the slope levels are between 6% and
8%. The highest point at1710 m is Kirklar Hill. The total annual
precipitation average is 723.5 mm in the Zeytinli Basin. There
was an increase in precipitation values in the period between
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November and February. The Zeytinli Stream flows throughout
the year; there is no period when it is completely dry.

~_

Zeytinli Basin
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Fig. 2. Study area

The Zeytinli Stream was officially included in the scope of “Flood
Water Law of Turkey” in 1958. According to the law, a total of
100 m of the coastline (50 m on each the right and left shores of
the stream) from the thalweg line was a risky area.

The first reclamation work at the Zeytinli Stream started in 1963.
During the flood that occurred in 1965, the water collected from
the bed spilled out as a result of the rivers attached to the Zeytinli
Stream, and the houses around were damaged. It was determined
that the floodwalls around the sites in the region where the flood
occurred were insufficient or even collapsed.

In the 10-year period since 1965, various floods occurred in the
Zeytinli Stream. However, the planned and in situ tested
reclamation works that were intended to be carried out were
removed from the schedule because there was a lack of budget
and technical staff. Akgay District, a developing touristic district,
has been adversely affected by these disasters and has suffered
economic damage.

In 1982, a masonry retaining wall was designed along the left
shoreline of the stream to meet the Q100 recurrence flow (210
mds), in order to protect it from any flood. The parts where
Zeytinli Stream flows into the Aegean Sea are used as State
Hydraulics Works’ (DSI with Turkish acronym) reclamation
channel and fishermen's shelter. Ozsahin (2011) stated that there
is severe erosion in the Zeytinli Stream basin every year and more
than 10 tons of soil is lost annually. Reclamation works on
Zeytinli Stream have progressed slowly until today.

The reason for this is that the zoning plans of the lands to be
expropriated cannot be revised in accordance with the
improvement project and the land prices increase in value every

year [17].

3. METHODOLOGY
3.1. Flood Hydrology

The flood discharges used in the study were obtained from
DSI. In order to find flood discharges for specific return
periods, frequency analysis was performed for 5-, 10-, 25-,
50-, 100- and 500-year return periods using 26 years of data
recorded between 1989 and 2014. Nine probability
distributions including Normal, Log-Normal (2P), Log-
Normal (3P), Gumbel, General Extreme Value, Pearson
Type 3, Log-Pearson Type 3, Generalized Logistic and
Log. Logistics (3P) were selected for frequency analysis.
The compatibility check of distribution were subjected to
both Anderson Darling and Kolmogorov—Smirnov tests at
5% significance. The most convenient probability
distribution function was found as Generalized Logistic.
The flood values calculated for different return periods
using General Logistics distribution are presented in Table
1.

Table 1. Flood discharges calculated using Generalized
Logistic distribution

Flood discharge (m®s) for different return periods (year)

Distribution

Model 5 10 25 50 100 500
Gen.

- 178.42 198.00 219.65 234.12 24740 274.62
Logistics

3.2.Hydraulic Model

A Digital Elevation Model (DEM) of the study area was
generated using 1/5000 scale maps which were obtained
from DSI. Two-dimensional (2D) contour maps were
created and then converted into the three-dimensional (3D)
format. The 3D contour map was prepared for obtaining the
drainage network and processing of terrain data (Figure 3).
Geometric data of the study area such as thalweg line,
shorelines (right and left coast), flow paths, and river cross-
sections required for the hydraulic model were then
obtained.

1750 m =7
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1,250'm.
1,000m —
750m

500m —

250m

\

Fig. 3. DEM of the study area

Yerdelen, C., Engin, U.,, Eris, E., ORCID: 0000-0003-4705-1940, 0009-0000-6015-1693, 0000-0003-0601-7666 Turkish Journal of Hydraulics: Flood
Risk Analysis with Prevention Scenarios for Zeytinli Stream, Vol :7 , Number : 2, Page : 22-29, (2023)


https://orcid.org/0000-0003-4705-1940
https://orcid.org/0009-0000-6015-1693
https://orcid.org/0000-0003-0601-7666

Turk Hidrolik Dergisi / Turkish Journal of Hydraulic

The point where the Zeytinli Stream pours into the Aegean
Sea is also the place where the flood model will be
established. This area is restricted as at region where the
settlements of the Akcay District are dense. For flood
analysis, fifteen cross-sections were obtained from the
stream bed, which is approximately 1600 m long. The
cross-sections of the stream bed on the study area are
shown in Figure 4 using the satellite image.

HEC-RAS is a graph-based, multitasking software
developed to perform hydraulic calculation of flows in
natural rivers. Open channels were then built. The software
can calculate the water surface profile, sediment transport,
moving base calculations, water quality analysis and many
hydraulic structure calculations in steady and unsteady
flows (USACE, 2016). The HEC-RAS software calculates
water surface profiles for subcritical, supercritical and
mixed regime flows. The calculation of the water surface
profiles was performed using the standard step method for
gradually varied flow. The standard step method is an
implementation of the Bernoulli equation. The distance
(Ax) between the two selected sections is usually taken at a
standard length. If the standard steps are chosen
sufficiently small by determining the geometric and
physical properties of the cross-section at these determined
distances, accurate results can be obtained in natural
streambeds. The energy equation is defined as:

V2 vE
Z2+Y2+0(2 5:Z1+Y1+0C15

1)

In Equation (1), z, and z, represent the bottom slope
of the channel, Y; and Y, represent the depth in the
cross-section, V; and V, are the average velocity
(discharge/flow area), oc; and o, denote the velocity
coefficient, g is the acceleration due to gravity, and he
represents the head loss. Head loss between back to
back cross-sections (he) consists of friction loss and
sudden changes in cross-section. Energy head loss is
defined in the following equation:

+ h,

2
he=LSf+C|OCZZ—2g—oc1— )

In Equation (2), L is the length of the channel, St is the
slope of the energy line between two cross-sections
and C is the energy loss due tothe change in the instant
cross-section. The length of the channel, L, can be
calculated using the following equation:

L = Llfp Qlfp+ LmQm+ erpQrfp (3)
Qlfp+ Qm+ Qrfp

Litp, Lm and Ly, define the length of the flow path and
correspond to the left floodplain, main floodplain and
right floodplain length of the channel, respectively.

Qirp, Qm and Qi define average flow rates in the cross-
section and correspond to the left floodplain, main
floodplain and right floodplain flow rates,
respectively.

Fig. 4. Flow bath and cfoss sectlons

1D flow model of the study area was created using HEC-
RAS software and the observed cross-sections were shown
in Figure 5a. The main, right and left bed widths defined as
30 m in the hydraulic model, in which the natural flow bed
was modelled before the reclamation works were started.
One of the cross-sections taken on the model is shown in
Figure 5b. The region between the red points in Figure 5b
represents the main bed, and the areas to the left and right
of the red points represent the left and right coast flow
limits, respectively.

Because of its simple structure and easy applicability, the
Manning formula is the most widely used formula in open
channel studies [18]. The HEC-RAS software uses the
Manning roughness coefficient when calculating head
losses due to friction. The Manning coefficient changes
with the roughness of the surface, vegetation, channel
irregularity, channel curvature, accumulation in the
channel, wear, obstacles and seasonal changes. The guide
prepared by DSI was considered while determining the
Manning roughness coefficient in the streambed of Zeytinli
Stream, and the roughness value of n was determined as
0.030[19]. Although the Zeytinli Stream starts from Mount
Kaz, the part where the hydraulic model of the river is
established is a distance of 1600 m from the place where it
pours into the sea to the region where the urbanization level
is high. Therefore, the bottom slopes of the streambed
studied are low. The average bed slopes vary between 0.1%
and 1% along the stream’s flow route. The characteristics
of the flow conditions are shown in Table 2.

Table 2. Zeytinli streamflow characteristics

Flow Regime | Subcritical

Regular, Non-uniform and
Gradually changing flow

0.04704

Flow conditions
Average bed slope

Manning Coefficient | 0.030

Cont.- Exp. Coefficient | 0.1-0.3
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Fig.”5. (a) Observed cross-sections and (b) Natural
streambed cross-section (200 m)

4. RESULTS

As of 2019, there is a gabion-style reclamation work
on the right and left plain coast of Zeytinli Stream. It
has been observed that rocks have been eroded, and
vegetation has damaged the existing structure. The
right and left coast plains are used as piers and ports
for small and fishing boats. Considering the previous
reclamation works, in situ measurements, and DEM
created in the computer environment of the region, the
typical cross-section of the stream is as seen in Figure
6.

The crest elevation of the stream (based on flood
level, the wall built on edges of the stream, the top
elevation of the ground or the raised ground) is 5.05
m above the thalweg line as shown in Figure 6. It has
been reported that the reclamation works of the
stream are carried out according to the peak flood for
the 500-year return period [19]. The current water
flow area is 48.77 m?, and the channel cross-section
is 137.20 m? (which is defined as control volume
area). The water levels in the stream sections vary
between 2.13 and 2.18 m.

The hydraulic model of the natural streambed before
reclamation activities was observed in 15 cross-
sections between 0 m (downstream) and 1626.64 m
(upstream) in HEC-RAS software. Water surface
profiles for various return periods (i.e. Qs, Q2s, Qso,
Q00 and Qsoo) at the cross-sections along the study
area and the path were calculated (Figure 7a). The
water surface profiles of flows for different return
periods obtained from the cross-section at 320 m of
the riverbed are given in Figure 7b, as an example.
Starting from the thalweg line of the streams, the
elevations reached by the water surface profiles for
various flows were determined.

As seen in Figure 7a, the thalweg elevation of the
longitudinal section from 1280 to 1160 m increased
from 8.65 to 8.82 m. The increase in the thalweg level
caused a reverse slope. It was observed that the flow
regime of the stream became subcritical; cross-
sectional flow areas decreased, and flow velocities
increased. The minimum slope values can be seen at
cross-sections of 1140 and 680 m. Accordingly, the
water surface profile in these sections showed the
minimum changes in the longitudinal cross-section.

Fig. 6. Current situation of the Zeytinli Stream and
typical cross-section of the stream

o R
£ e 0 )
f > Qe

Elevation (m)

TALVEG

A 0 20 40 L] 80 100 B
Crossection

Longitudinal section
Fig. 7. Water surface profile for the longitudinal
cross-section and water surface profiles on a typical
cross-section (320 m)

The minimum energy losses in the streambed were
seen in these parts. In the sections mostly seen
subcritical regime, the flow velocity was low, cross-
sectional flow areas were high and the Froude
numbers were less than 1. Considering the typical
cross-sectional area (137.20 m?; formed as a result of
the reclamation works), it was determined that the
cross-sections of 1140 and 680 m are the riskiest parts
of the stream. There was a reverse slope again based
on the increment of the thalweg elevation at cross-
sections of 680 to 560. The flow velocities increased,
and the cross-sectional areas decreased. Although the
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slope of the energy line increased, energy losses were
low.

It was observed that the flow regime reached critical
and passed into the supercritical regime between the
cross-section at 560 m and 440 m. The slope of the
energy line increased, and the head losses were higher
than those in the previous cross-section. Flow
velocities increased, and accordingly, cross-sectional
flow areas decreased. A subcritical flow regime was
observed in the section at 320 m. Compared to the
previous section, flow velocities decreased, cross-
sectional flow areas increased, but not at a dangerous
level. At the 200 m-section, the flow regime turned
into supercritical. Flow velocities and the slope of
energy line increased, and cross-sectional flow areas
decreased. Critical regime conditions were observed
from 200 m- to 80 m-sections. At the 0 m-section
(downstream), the flow regime was observed to be
subcritical. Based on the decrement in the flow

velocity, it was observed that cross-sectional flow
areas increased but remained below the control
volume (137.20 m?).

5. PREVENTION SCENARIOS

The flow regime was generally subcritical
considering the study region along the stream path.
Based on the distances between cross-sections and
increase/decrease in the thalweg elevations, it was
observed that the flow regime was critical in some
cross-sections and passed into supercritical. The flow
velocities were not excessively high at the cross-
sections along the flow. The reason of low velocities
at the cross-sections is that the natural streambed is
suitable for the water to spread together with the
increasing flow values for different return periods.
Accordingly, Froude numbers were less than 1 at
most cross-sections.

Table 3. Results of the analysis after reclamation (current situation and the first and second scenarios)

Current state 1t scenario 2"d scenario
€ = s = § s = = s s =
) £ = E £ =] X 3 =] = X
=1 ®© © © -~ © ®© e
- 8 § s T |5 = T 3o & | 5§ 3 T 3o &
E o 2 T £ 2 T £ S & 2 ° £ S &
T g 2 S & |3 8 8§ gy £ : 8¢ & gg £
] s E 2 s £ = < a £ = c o o 2 a E = © 8o o
=] L - w € - © w € - © « € © w € - © w c ©
o o 00 S 3 o0 H 2 R g 73 5 3 58 g
s 2 5 = E = 5 2 2 5 = 5 2
Q © - © - - o © - - o
- '-E © '-E © o o .‘E © © o
n = = = = =
1280 10.33 8.65 10.59  153.81 | 8.65 10.5 149.9 -0.85 -2.54 7.5 9.98 116.54 -5.76  -24.23
1160  10.45 8.82 10.19 116.17 | 835 10.22 121.08 0.29 4.23 7.3 9.66 97.78 -5.20  -15.83
1040 9.7 8.13 10.05 162.46 | 8.13 10.03 159.84 -0.20 -1.61 7.2 9.53 12399 -5.17 -23.68
920 9.33 7.78 9.95 179.49 | 7.78 9.91 176.25  -0.40 -1.81 7.1 9.25 133.27 -7.04  -25.75
800 9.17 7.65 9.83 176.95 | 7.65 9.79 172.63  -0.41 -2.44 6.9 8.91 129.45 936 -26.84
680 8.92 7.6 9.72 177.45 | 7.6 9.66 171.9 -0.62 -3.13 6.8 8.72 131.87 -10.29 -25.69
560 9.41 7.8 9.48 140.96 | 7.45 9.41 138.09 -0.74 -2.04 6.6 8.46 115.07 -10.76  -18.37
440 9.15 7.55 8.73 89.15 7 8.67 92.01 -0.69 3.21 6.4 8.37 78.55 -4.12 -11.89

In this study, it was aimed to reduce the flow areas
and flood water levels in the natural streambed by
performing reclamation in the cross sections to have
flood risk potential.  Therefore, two different
channel regulations were proposed. The streambed
level was first lowered at the cross-sections between
1280 and 116 m and 680 m and 440 respectively,
which have the reverse slopes (Figure 8a).

In the second case, the bottom elevation was
reduced between the cross-sections of 1280-440 m
(Figure 8b). The hydraulic models considering Qsoo
flow value were performed again, and the results

compared with those of the current situation (Table
3).

As a result of the bottom regulation studies for the
risky cross-sections of the stream, the water surface
elevations and flow areas mostly decreased in the first
analysis, with the reduction of the reverse slope base
elevations, but flood risk still existed in most sections.
In the second regulation, an average of 1 m of
excavation was proposed for the risky areas of the
stream, and the hydraulic analysis was repeated. In
Figure 9, the current state of the streambed and the
changes in the water surface elevations and thalweg
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line formed as a result of the reclamation works are be prevented from entering the stream channel
shown. Surface profiles and stream crest lines are directly, and flow in then downstream can be reduced.
compared for the 500-year return period flow. As The soil volume extracted in the proposed solution is
seen from Table 3, all water surface elevations and calculated as 29450 m?. In this context, the capacity
flow areas decreased for the second scenario. of the flood detention reservoir to be built is

determined to be 30000 m®. The detention reservoir

- can be designed with a depth of 1.5 m and a width of

e ,,_S.ZZ 100 x 200 m as shown in Figure 10. In addition, the
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Ny . Sl purposes other than the flood season. As an

a—/ S alternative to the second scenario, a part of flood
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in the region. With this solution, maximum flows can Fig. 10. Location of the flood detention reservoir
Fig. 8. Longitudinal cross-section after the (a) first and (b) the region use the right and left coasts of the stream
second reclamation as piers for fishing boats. A bank and/or floodwall

structures to be constructed to prevent floodwater will
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obtained in this study can be developed and used as a
generalized reclamation method for similar scale
towns. Moreover, all flood reclamation works for
both urban and rural areas should be region-specific

For this reason, it is difficult to regulate streamflow  [20-21].
by constructing a flood channel. In addition, people in

Longitudinal Section
Fig. 9. Longitudinal cross-sections for the current
situation and after reclamation (for Qsoo)
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