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Abstract

The estimation of the flood discharges of rivers that do not have streamflow measurements is one of
the important issues in hydraulic engineering. For the safety of the structures to be built on these
rivers, it is necessary to accurately estimate the possible flood discharges for some periods. Many
methods have been developed on this subject. With the methods developed based on the catchment
and rainfall characteristics, it is possible to make accurate estimations about the catchment without
flow measurement. In this study, an evaluation was made on the estimation success of the methods
by trying to determine the flood discharges of a river flowing through a 336 km? catchment area with
indirect and direct methods based on rainfall. Compared rainfall-runoff estimation methods showed
that Synthetic Method was the least reliable one among all other estimations. On the other hand, with
the discharges of Qo = 77 m’/s, Q100 = 193 m?/s and Qsoo-273 m?/s, Mockus emerged as the most
consistent one through all evaluated peak flow discharges methods. It is also intended that this study
will be a guide for those who work on the subject.
Keywords: flood discharge estimation, rainfall-runoff relationship, runoff estimations,

probability distributions

Oz

Akim 6l¢iim verileri bulunmayan akarsularin taskin debilerinin tahmin edilmesi su miithendisliginin
onemli konularindan biridir. Bu akarsular {izerinde yapilacak yapilarin giivenligi icin belirli
periyotlarda gelmesi muhtemel tagkin debilerinin dogru bir sekilde tahmin edilmesi gerekir. Bu
konuda bir¢cok yontem gelistirilmistir. Havza ve yagis ozelliklerine bagli olarak gelistirilen bu
yontemler sayesinde akig verileri olmadan havza hakkinda dogru tahminler yapmak miimkiindiir. Bu
calismada, 336 km?’lik bir havza alani igerisinden akan bir akarsuya ait tagkin debileri ¢esitli dolayl
yontemler ve akig verilerine dayali dogrudan yontemlerle belirlenmeye ¢aligilarak yontemlerin tahmin
basarisi tlizerinde degerlendirme yapilmistir. Karsilastirilan yagis-akis tahmin yontemleri, Sentetik
Yontemin yapilan tahminler arasinda en az giivenilir olan1 oldugunu gostermektedir. Diger yandan,
Qio = 77 m¥s, Qioo = 193 m¥/s ve Qspo = 273 m?/s’lik debi degerleri ile Mockus Yontemi,
degerlendirilen yontemler arasindan en giivenilir yontem olarak belirlenmistir. Bu ¢alismanin konuyla
ilgili uygulamada ¢alisanlar i¢in bir rehber olmasi da amaglanmustir.

Anahtar sozciikler: taskin debisi tahmini, yagis-akis iligkisi, akis tahminleri, olasilik
dagilimlar

*Corresponding author.
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Introduction

Floods seen in streams after heavy rains are among the most common natural
disasters in Tiirkiye and the province of Bitlis, where the study area is located (Ekinci
et al., 2020; Isik & Ozliik, 2012). Especially considering the current topographic
situation of the province, the study area is among the provinces with the highest flood
damage (Kadioglu, 2008). In this context, the region is in a very vulnerable position
in terms of natural disasters. A catchment is a system which the surface waters are
collected in the form of a network and the direction of the greatest slope, and are also
transferred to sea or lake as the main branch such as a stream, creek or river. In other
words, it can be considered as an operator that converts rainfall into runoff. The
neighboring catchments are separated from each other by borders called drainage
divides, water divides, divides, ridgelines, watersheds, or water partings. The flood
risk is strictly related to the characteristics of the catchments. Features such as a
catchment area, average slope of the catchment, shape factor and bifurcation rate are
important parameters that characterize a catchment. Additionally, vegetation, soil
structure, rainfall intensity and flood-frequency in a catchment are foremost factors
in creating floods. It is required to determine the peak flood discharge brought by a
river for the calculation and design of dam reservoir operations, waterpower
facilities, streamflow arrangements and flood control structures. While the highest
discharge value observed over the years may be accepted as the design flow for some
planning activities, it is desirable to know the return period of discharges that will
not be possible to measure in the most engineering designs where flood controls are
momentous. These discharges can be determined by various statistical methods
and/or empirical equations (Samantaray & Sahoo, 2020). Their return period can be
50, 100 and 500 yearly depending on the importance of engineering applications.
When determining flood discharges, it is necessary to have the streamflow
measurements for many years. The stream flow data are collected from Streamflow
Monitoring Stations (SMS) installed in the rivers. The data are recorded
instantaneously, daily, weekly, monthly and yearly. However, the data are either not
available or insufficient in some streams, creeks and brooks (Gao et al., 2017).
Various methods such as Rational, Mc-Math, Synthetic, Mockus and Snyder
Methods can be applied to estimate the peak flood discharges (Gulbahar, 2016;
Semerci et al., 2020). For these methods, firstly, it is essential to obtain and analyze
rainfall data. Another important aspect is the determination of effective parameters
for the rainfall-runoff (RR) relationship. In order to determine the flow heights, it is
required to know the runoff coefficient and RR parameters which depend on the
catchment structure, slope and vegetation density.

47




48

M. Cihan Aydn, Ali Emre Ulu
Turkish Journal of Water Science & Management 7 (1) (2023) /46 - 70

In this study, the runoff data performances of the methods mentioned above
are evaluated trying to estimate directly and indirectly the flood discharges of a river.
Calculations of flow estimation methods, which are frequently used in hydrology,
are shown in detail and frequency analyzes are made. The most appropriate method
is specified for medium-sized catchments and it is concluded that it could be also
used safely in catchments of similar size. It is also intended that the study will be a
guide for those who work on the subject in practice.

Material and Method
Study Area

Formed by tectonic origin, Lake Van is the world’s largest soda lake, as well
as being the world’s fourth largest closed lake. It is also the largest lake in Tiirkiye.
Lake Van basin, which is a closed basin, has an area of approximately 20,000 km?
and 3713 km? of the basin (roughly 20%) is the lake surface area. It is about 1740 m
above sea level, its deepest point is calculated as 450 m, and the volume of the lake
is approximately 607 km? (Litt et al., 2009). The Yenikdprii Stream catchment, the
study area, within the borders of the Ahlat District of Bitlis is located in the Ahlat-
Ovakisla sub-basin of the closed drainage area of Lake Van (Figure 1). The starting
point was accepted as the 25-010 SMS of State Hydraulic Works (DSI) at the 1769
m elevation of Kinalik¢1 Village on Siifresur Creek, and the catchment area of 336
km? of the basin has been studied. 28 years of flow data and Maximum Annual
Instantaneous Flow (MAIF) data between 1963-1990 have been gathered from DSI’s
25-010 numbered SMS (General Directorate of State Hydraulic Works [DSI], 1994).
Lake Nazik at 1815 m elevation, is connected to Yenikdprii Stream via Sugikan
Creek and drains into Lake Van at 1647 m elevation. The study area, which has a
volcanic structure due to close to the Nemrut Caldera, is relatively flat and has been
turned into agricultural lands over time. The northeastern valleys, where the main
stream extends, are more mountainous and sloped than the other parts of the study
area.
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Figure 1

Yenikoprii Stream Catchment

Note. Goole Earth

Catchment Characteristics

Benson’s slope equation was used to determine the catchment slope. In this
method, 10% to 85% of the length of the main stream is marked on the map and the
slope of the line between two points is calculated (Figure 2):

207

AH
Benson Slope = AL = 20470 0.010

S =0.010x 1000 =10 m/km
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Figure 2
Benson’s Slope of the Study Area

2000 m

AH=207 m

1793 m

0.10L ‘ %L=2047O m 085L i

The characteristics of the Yenikoprii Catchment were determined
approximately as in Table 1.

Table 1

The Catchment Characteristics

Catchment Main Stream Elevation Catchment
Area, Length, Difference Slope
A (km?) L (m) H (m) S (m/km)
336 27300 410 10

50



M. Cihan Aydin, Ali Emre Ulu
Turkish Journal of Water Science & Management 7 (1) (2023) /46 - 70

Methodology

The study consists of three main sections as the rainfall analysis, the rainfall-
runoff (RR) relationships and the flow frequency analysis.

First, the rainfall of the area must be analyzed to predict the runoff in streams
having no gauging stations. The rainfall can be converted into streams with the help
of RR relations and used in the design of water structures. The relations known as
Intensity—Duration Frequency (IDF) curves are widely used in the design of
engineering structures and have various calculating equations and formulas
developed in literature (Chen, 1983; Koutsoyiannis et al., 1988). As the importance
of the structure to be built grows, and structures that will cause serious damage in
case of collapse, data with large return period should be used. As the return period
increases, the magnitude of the rainfall intensity to be used also increases. The
Gumbel distribution is generally used for rainfall frequency analysis (Chow et al.,
1988). The annual maximum rainfall for each selected duration is taken from the
rainfall records, and frequency analysis is then applied to the annual data. Frequency
analysis test and distribution graphs according to Gumbel distribution of maximum
rainfall of different durations are given in Figures 3 and 4, respectively. Rainfall
intensity also depends on its duration. Duration of the rainfall increases, the total
rainfall height increases, but intensity decreases. The relation i=AP/At gives the
rainfall intensity (mm/h), in which At: rainfall duration (h), and AP: rainfall height
during this duration (mm).

The second step is the determination of the RR relationship. For this aim, five
different methods were used: Rational Method, McMath Method, Synthetic Method,
Mockus Method and Snyder Method.

As a third step, frequency analysis was carried out by taking into account the
Maximum Annual Instantaneous Flow (MAIF) values for each year of WMS
numbered 25-010 of SWW, which was accepted as the starting point of the study
area (DSI, 1994). In the study, two well-known distribution functions for
hydrological processes (Long-normal and Gumbel) were used for flow frequency
analysis. These distributions were applied to the flow data based on Bayazit et al.
(2009) and Bayazit (2011).

The details related to these methods are given in the Results and Discussion
section.
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Results and Discussions

Rainfall Analysis

Just a rainfall measurement station 17810 in Bitlis-Ahlat of the General
Directorate of Meteorology (MGM, 2022) close to the study area has hourly total
rainfall data for many years. Assuming the rainfall was distributed uniformly in the
catchment and the IDF curves were obtained depending on the rainfall data.

Figure 3

Gumbel Distribution Test Results of Rainfall of Different Durations
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Figure 4

Gumbel Distribution Probability Density Function (PDF) and Cumulative
Distribution Function (CDF) of Rainfall of Different Durations
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Figure 5

Intensity-Duration Frequency Relations of Station No: 17810
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As shown in Figure 5, the intensity-duration frequency curves for Ahlat
station were obtained with R>=98-99% accuracy by the relation given with Eq. 1.

) a
ey 0

Where, i: rainfall intensity (mm/h), #: rainfall duration (h), a and b are
coefficients depending on location and frequency, and the coefficients obtained by
curve fitting for rainfall data are given in Table 2.

Table 2

Coefficients of Eq. 1 for Station No: 17810

T (year) 2 5 10 25 50 100
a 15.75 25.47 32.01 40.34 46.54 52.68
b 0.77 0.85 0.89 0.92 0.93 0.94
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The data for Eq. (2) was obtained from Ahlat station and Eq. (2) was
calculated by using the IDF relationship suggested by Chow et al. (1988) based on
Wenzel’s (1982) approach:

¢ X T™ 2323 x 022
t+f  t+133

2)

1 =

Here; i: rainfall intensity (mm/h), #: rainfall duration (h) 7: frequency (year)
and ¢ and fare location dependent coefficients. The coefficients were calculated as
¢=23.23, m=0.22 and f=1.33 for station 17810 by curve fitting using the least-squares
method. The compatibility of the function obtained with these coefficients with the
real data was successful at the rate of R2=98% (Figure 6). IDF relationship can also
be given in logarithmic scale as in Figure 7, so that it can be easily read from the
graphs. McCuen (1998) also determined a detailed mathematical representation of
IDF curves.

Figure 6

Comparison of Equation (2) Calculation Values with Observation
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Figure 7
Intensity-Duration Frequency
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RR Prediction Methods

Rational Method

The rational method, which dates back to the middle of the nineteenth
century, is still a widely used method for the design of storm sewers today (Pilgrim,
1986; Linsley, 1986). The method is used with a maximum drainage area of 25 km?
but it is generally used in drainage areas up to 15 km?. According to some other
references, this limit could be reduced to 1 km? Even though the investigated
drainage area (336 km?) is rather larger than its limit value, the method was used for
testing its success in the study. The total discharge through the runoff during a
rainfall is calculated by the following equation (Eq. 3) (Ozbek, 1989).

_ CiA
0=3% (3)

where, O: discharge (m?/s) i: rainfall intensity (mm/h), C: runoff coefficient,
A: drainage area (km?). Rainfall time will be taken as the time of concentration of
the water. Time of concentration (7¢, min) can be calculated based on the maximum
length of travel of water (L, m) and catchment slope (S) with the following set of
equations (Eq. 4):
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L
TC = 0.0195K0'77’K = W (4)
27300 - .

The runoff coefficient (C) varies according to the catchment terrain and slope,
and the flood frequency. Approximately 70% of the Yenikoprii catchment area is flat
(<2%) and 30% is moderately sloped (2% - 7%) and consists mostly of cultivated
land:

10 years flood Ci0=0.70x0.36 + 0.30 x 0.41 = 0.38
100 years flood Ci00=0.70x 0.43 + 0.30 x 0.48 = 0.44

Runoff intensities corresponding to the time of concentration 7c=5 hours
were calculated by the methods mentioned previously and showed in Table 3. From
the Table 3, Equation (2) gave results closer to the values read from the curves in
Figure 7 (prepared with the actual data). In other words, Equation (2) gave more
successful results than Equation (1).

Table 3

The Rainfall Intensity Obtained by the Different Methods Corresponding the
Concentration Time

Method T (hour) i10 (mm/h) i100 (mm/h)
Equation (1) 5 6.50 9.78
Equation (2) 5 6.09 10.11
Figure 6 5 6.81 10.18

~0.38x6.81 %336

= = 3
10 36 241m>/s
0.44 x 10.18 x 336 3
100 = 36 =418m°/s

Depending on the Q10 and Q100 discharges, the discharge from Qsoo was also
calculated with the following equation (Eq. 5) (Kumanlioglu & Ersoy, 2018).
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Qr = Q10 + ZT X (Q190 — Q10) (5)
ZT =0.99 x1logT — 0.98 = 0.99 x log500 — 0.98 = 1.69

Qs00 = 241 4+ 1.69 x (780 — 241) = 540 m3/s
McMath Method

McMath (1887) method gives good results in determining the capacity of
surface drainages on flat lands of any expanse. The flood discharge is calculated in
m?3/s with the following equation (Eq. 6) (Ozbek, 1989):

Q = 0.0023.C.i.SY/5A4*/% ©)

Here; C: a coefficient giving the catchment features depending on vegetation,
soil and topography, i: rainfall intensity according to time of concentration and
selected frequency (mm/h), S: catchment slope x 1000; 4: catchment area or rainfall
area (ha). The C coefficient was taken as C=0.30+0.12+0.06=0.48, with the
vegetation cover of the land is bare (C1=0.30), soil type is light (C>=0.12) and
topography is slightly inclined (C3=0.06). The time of concentration 7c (min) was
calculated as:

13) 0385 (7)
T, = 0.0195 x (E)

273003
410

0.385
T, = 0.0195 x < ) = 256 min = 4.26 hours

If the rainfall intensities corresponding to this time were calculated from
Equation (2): i10=6.90 mm/hour, 7100=11.45 mm/hour were obtained.

Q10 = 0.0023 x 0.48 x 6.90 x 10%/5 x 336000%/5 = 318 m3/s
Q100 = 0.0023 x 0.48 x 11.45 x 105 x 336000*/5 = 528 m3/s
Qs00 = 318 + 1.69 x (528 — 318) = 673 m3/s
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Synthetic Method

This method can be used to find flood discharges in rivers where long-term

flow measurements are not available. The following steps are applied in the method
(Ozbek, 1989):

1.

Rainfall periods leading to floods are predicted. The period was generally
accepted as 2 hours. The rainfall intensity was multiplied by time to obtain
rainfall height: P10=2x10.98=21.96 mm, P100=2x16.71=33.42 mm.

The curve number (CN) is determined from the relevant tables (SCS, 1972
and 1986) according to the land features and vegetation of the drainage area.
It was considered CN=80 for this study.

Rainfall height (P) and runoff height (%a) by curve number are obtained from
RR curves. According to this; Rainfall and runoff heights were calculated for
Pio=21.96, ha=2 mm, and for P100=33.42 mm, s.= 8 mm.

Catchment features are determined such as drainage area and main stream
length as in Table 1 for this study. The distance between the projection of the
center of gravity of the rainfall area on the main collector and the point where
the collector leaves the rainfall area was assumed to be (Lc) =~ 8 km.
Additionally, the harmonic slope, which is the slope of the catchment, was
calculated and shown in Table 4 with the following equation.

2

S=|— (8)

gp=35 It/s. km?.mm was obtained from synthetic unit hydrograph graphs with

LXLc _ 27.3x8 _
the help of = = oo 2162 and area.

The discharge value is obtained by the following equation depending on the
qp:
Q=Ax%q,Xhyx1073 (9)
Q10 =336 x35%x2x1073 =24m3/s
Q100 =336 X 35X 8 X% 10_3 =94 m3/5

Qs00 = 24+ 1.69 X (94 — 24) = 142 m3 /s
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Table 4

Harmonic Slope Calculations

No Elevation Heigth Distance Si=h/L; (s)"? 1/(si)"?
(m) h (m) Li (m)
0 1777 - - - - -
1 1794 17 2730 0.0062 0.0789 12.67
2 1811 17 2730 0.0062 0.0789 12.67
3 1840 29 2730 0.0106 0.1031 9.70
4 1861 21 2730 0.0077 0.0877 11.40
5 1872 11 2730 0.0040 0.0635 15.75
6 1900 28 2730 0.0103 0.1013 9.87
7 1935 35 2730 0.0128 0.1132 8.83
8 1977 42 2730 0.0154 0.1240 8.06
9 2071 94 2730 0.0344 0.1856 5.39
10 2185 114 2730 0.0418 0.2043 4.89
Total 27300 99.25
S= 0.0102
Mockus Method

Mockus (1949) proposed a method for catchments without SMS. According
to this method, it is stated that runoff estimates can be based on information and data
such as soil, land use, previous rainfall, duration of storm, and average annual
temperature. The time of concentration is calculated in hours with the following
equation according to this method (Ozbek, 1989).

0.77

Te = 0.00032 <555 (10)

Here, for L= 27300 m and $=0.0102, 7.=4.87 hour, unit downpour time D
(hour):

D =2,T, =2xv487 =5 hours

In practice, the nearest integer greater than D is taken for the rainfall time
(hours) corresponding to the time of concentration. However, if T, < 1,D = 1 was
taken. The time of rise of the hydrograph was: T, = 0.5D + 0.6T, = 0.5 X5 +
0.6 X 4.87 = 5.42 hours.
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The recession time of the water: T, = 1.67T,, = 1.67 X 6.7 = 9.05 hours
the flood period: Ts = T), + T = 5.42 + 9.05 = 14.5 hours, D= 5 hours of rainfall
versus rainfall heights: for i10= 6.81 mm/hour, P10=5x5.74=34.05 mm, for i100=10.18
mm/hour, Pioo= 5x10.18=50.90 mm. If CN=80 was taken, from the RR curves: for
P10=34.05 mm, h-=6 mm, and for P100=50.90 mm, 4.=15 mm were found (Bayazit
et al., 2009). Accordingly, peak flood discharges were calculated with the following
equation.

0.208 X A4 X h, (1)
Qp = T
14
 0208%x336X6 _
10— 5.42 -
_0.208 x 336 X 15
Q100 - 542

Qs00 = 77 + 1.69 X (193 — 77) = 273 m3/s

77 m3/s

=193 m3/s

Snyder Method

Snyder (1938), who conducted a study of catchments ranging in size from
about 10 to 10,000 mi? (30 to 30,000 km?) in the Appalachian Highlands of the
United States, found synthetic relationships for some properties of the standard unit
hydrograph. It can be applied by dividing large catchments into small areas. This
method was applied as follows (Ozbek, 1989).

Peak time of the hydrograph in hours is calculated by the following equation
(Eq.12):

T, = C; % (L X )"0 (12)

C: is a coefficient depending on the soil type and was taken from Table 5
given below (C=1.50).

T, = 1.50 X (27.3 x 8)%3% = 7.5 hours
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Table 5
C: Coefficients Depending on Soil Type (Ozbek, 1989)

Soil Type G (&

Very Sandy 1.65 0.56
Moderately sandy clay 1.50 0.63
Very clayey or rocky 1.35 0.69

Downpour time per unit hydrograph, 7y, was calculated as follows and taken
as the nearest hour.
=T, =2-"2_136=1h
T TEs s T W
By taking C,=0.63 from Table 5, drainage efficiency was calculated with the
following equation (Eq. 13).

C.
gy = 276 X £ (13)
Ty
q, = 276 X 0.63/7.5 = 23.2 It/s/km? /mm

Unit hydrograph peak discharge:
qp =AXq, x1073 =336 x23.2x 1073 = 7.80 m?/s.m
Unit hydrograph volume:
Vy, =Ax1x10%=336x103m3

The hydrograph time is calculated by the equation below (Eq.14).

_ 3T,
T, =3+ >4 (14)

Tw7s and Twso values were read from the Snyder chart, depending on their gv
values (for 0.75¢, and 0.50¢,). Rainfall intensity versus 7y=1-hour duration was read
from the IDF curves and flow heights were found. If the runoff heights corresponding
to this flow height were obtained from the RR chart according to the curve number
(CN=80): for i10=17.84 mm/h and P10 = 2x17.84 = 35.68 mm, and for 7100=28.19
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mm/h and Pioo = 2x28.19 = 56.38 mm, As~6 mm and /.~16 mm were obtained,
respectively. Accordingly, flood peak discharges:

Quo=AXq,Xhy;x1073=336%232%X6x10"3=47m3/s
Qo0 =AXq, Xhyx1073 =336x23.2%X16x 1073 =125m3/s
Qsoo = 47 + 1.69 X (125 — 47) =179 m3/s

Flow Frequency Analysis

Lognormal Distribution Function

Hydrological variables generally are skewed distribution. Since it has only
positive values and the distribution is skewed (Cs>0), this distribution is frequently
used for hydrological variables. Lognormal distribution results are given in Figure 8
by using the MAIF values of numbered 25-010 SWW for WMS.

According to the Lognormal distribution, the peak flood discharges of this
station were:

Q10 =73 m3/S,Q100 =129 mg/S, QSOO =174 m3/S

Figure 8

Lognormal Distribution Function
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Gumbel Distribution

Another widely used skew distribution function in hydrology is the Gumbel
Distribution. Gumbel Distribution results are given in Figure 9 by using the MAIF
values of numbered 25-010 SWW for WMS.

Figure 9

Gumbel Distribution
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According to the Gumbel distribution, the peak flood discharges of this

station were:

Q10 = 73m?/s,Q100 = 117 m? /s, Q500 = 147 m?/s

The results obtained by applying the methods are summarized comparatively
in Table 6. The first five methods in Table 6 are direct methods based on precipitation
data, while the last two are direct methods based on flow measurement data. The
WMS values in the 6th and 7th lines of the table can be used as a reference since
they are obtained from the actual flow measurement values.
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Table 6

Comparison Table of Peak Flood Discharges

: 3
No Methods Flood Discharges (m°/s)

Oo Q100 0500

1 Rational Method 241 418 540
2 Mc-Math Method 318 528 668
3 Synthetic Method 24 94 142
4 Mockus Method 77 193 273
5 Snyder Method 47 125 179
6 WMS-Lognormal 73 129 174
7 WMS-Gumbel 73 117 147
Average 122 229 303

Max. Q 318 528 668

Conclusion

The performances of the methods frequently used in the practice to determine
peak flood discharge in rivers were evaluated in this study. It focused on calculating
the flood discharge in rivers with limited measured data. For this purpose, the study
evaluated under three main section as the rainfall analysis, the rainfall-runoff (RR)
relationships and the flow frequency analysis. The study was performed using
indirect (RR analysis) and direct (flow-frequency analysis) approaches in a
designated area to determine the performance of the methods. According to the
results of the study;
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The methods with highest values were the Mc-Math and Rational Methods.
It was already stated that the Rational Method would not be appropriate for the given
catchment scale (336 km?). However, it can be said that the Mc-Math method, which
gives higher values than the Rational Method, does not give appropriate values in
these catchment scales. The method with lowest value was the Synthetic Method.
Therefore, it can be said that the Synthetic Method can yield smaller values than
expected for a basin of this scale. Although the Snyder Method gave results that are
close to WMS values, especially in 500-year return-period, the accuracy of this
method was very sensitive to the selected parameters, so care should be taken in its
use. Among these methods, it was seen that the Mockus method was the most
reliable. Although it gave higher results than WMS values at high return-periods, it
can be said that this method gave better results than other methods, since it remained
on the safe side. In line with these explanations, the methods in the 3rd, 4th and 5th
rows in Table 6 can be used for medium-sized basins for which flow data are not
available or limited. As another approach, these results may be averaged after
eliminating the extreme values as frequently used in statistics. In future studies, the
methods used in this study can be applied in larger and smaller basins in order to see
model performances.
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Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Akarsulardaki Taskin Debilerinin Farkli Yontemlerle Tahmini Uzerine bir Durum Calismasi

Akarsu havzalari en bilyiik egim dogrultusunda yiizeysel sular1 bir ag seklinde toplayarak
ana kol (dere, ¢ay, nehir gibi) halinde deniz ve gollere aktaran sistemlerdir. Diger bir ifadeyle yagislar
akisa ¢eviren operatorlerdir. Su toplama havzalari, drenaj alani olarak da adlandirilan akarsu havzalari
bu 6zellikleriyle su ayrim ¢izgisi denilen kesin sinirlarla birbirilerinden ayrilirlar. Akarsularin tagkin
debileri drenaj havzalarinin 6zellikleriyle yakindan iligkilidir. Havza alani, havzanin ortalama egimi,
sekil faktorii, catallasma orani gibi Ozellikler havzalari karakterize eden onemli &zellikleridir.
Bununla birlikte havzadaki bitki ortiisii, toprak yapisi, yagis tekerrlir araliklari, yagis siddeti gibi
parametreler de yagislarin tagskina dontismesinde en 6nemli etkenler olarak nitelendirilir. Baraj hazne
isletmesi, su kuvvetleri tesisleri, akarsu diizenlemesi ve tagkin koruma yapilarinin hesap ve tasarimlari
icin akarsularin getirebilecegi maksimum debilerin tespiti gerekir. Bazi tasarimlar i¢in yillar iginde
gozlenen en biiylik debiler tasarim debisi olarak kabul edilebilirken, taskinlarin énemli oldugu
miihendislik tasarimlarinin ¢ogunda 6l¢iilmesi miimkiin olmayacak zaman araliklarindaki tekerriir
debilerinin bilinmesi istenir. Bu debiler bazi istatistik yontemler ve/veya tecriibe formiilleriyle
belirlenebilir. Bunlar, miihendislik uygulamasinin 6énemine gore 50, 100 ve 500 yilik tekerriirlii
debiler olabilmektedirler. Debi dlgiimleri DSI tarafindan akarsu iizerine kurulan akim gézlem
istasyonlar1 (AGI) araciligiyla yapilmaktadir. Bu &lgiimler anlik, giinliik, haftalik, aylik ve yillik
olarak kayit altina alinmaktadir. Ancak 6zellikle, dere ve ¢ay sinifinda bazi akarsularda bu 6lgtimler
ya hi¢ yapilmamakta ya da yeterli miktarda veri elde edilmemektedir. Bu gibi akarsularin tasgkin
debilerinin dl¢iilmesinde Rasyonel Yontem, Mc-Math Yontemi, Sentetik Yontem, Mockus Y dntemi,
Snyder Yontemi gibi ¢esitli yontemler gelistirilmistir. Bu yontemlerin kullaniminda oncelikle yagis
verilerinin elde edilmesi ve analiz edilmesi oldukca 6nemlidir. Diger 6nemli bir husus da yagisin
akisa gecmesinde etkili parametrelerin belirlenmesidir. Akis ytiksekliklerinin belirlenmesi i¢in arazi
yapisi, egimi, bitki Ortiisii gibi etkenlere gore akis katsayisi, yagis-akis gibi iligkilerin bilinmesi
gerekir.

Bu calismada, bir akarsuya ait tagkin debileri ¢esitli dolayli yontemler ve akis verilerine
dayali dogrudan yontemlerle belirlenmeye ¢aligilarak yontemlerin performanslari degerlendirilmistir.
Bu c¢alismanin konuyla ilgili uygulamada c¢alisanlar ve ihtiya¢ duyanlar i¢in bir rehber olmasi
amaglanmistir. Caligma alani olarak Van Golii kapali havzasi icerisindeki Ahlat ilge sinirlarindaki
Yenikoprii Cay1 havzast secilmistir. Cikis noktasi, Siifresur Deresi lizerinde Kinalik¢r Koyt mevkii
1769 m kotundaki DSI’ait 25-010 Akim Gézlem Istasyonu (AGI) kabul edilerek havzanin 336
km?*’lik drenaj alam dikkate alinmistir. Calismada, yapilan tahminler ile ger¢ek akim verilerinin,
frekans analizleri kullanilarak karsilastirilmasi amaglanmistir. Bu noktaya yakin DSI’nin 25-010
numaralit AGI’ye ait 1963-1990 yillar aras1 28 yillik Yilda Anlik Maksimum Akim (YAMA) verileri
temin edilmistir. Nemrut Kalderasi nedeniyle volkanik bir yapiya sahip olan ¢aligma alani nispeten
diizliik bir alandir ve zaman iginde tarimsal kullanima agilmistir. Akarsuyun ana kolunun uzandigi
kuzeydogu vadileri havzanin diger kesimlerine gore daha fazla daglk ve egimlidir.

Akim istasyonu olmayan akarsulardaki akislari tahmin etmek i¢in 6ncelikle bolgenin yagis
verilerinin analiz edilmesi gerekir. Elde edilecek yagis verileri yagis-akis iliskileri yardimiyla akisa
cevrilerek su yapilarinin tasariminda kullanilabilir. Siddet — Zaman — Tekerriir (Intensity — Duration
Frequency, IDF) egrileri olarak bilinen bagmtilar miihendislik sistemlerinin tasariminda oldukca
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yaygin olarak kullanilmaktadir. Yapilacak yapinin 6nemi biiyiidiik¢e ve yikilmasi durumunda ciddi
zararlara neden olacaksa tekerriir araligi biiyiik se¢ilmelidir. Tekerriir siiresi biiytidiik¢e kullanilacak
yagis siddetinin biiyiikliigii de artar. Yagis tekerriir analizlerinde genel olarak Gumbel dagilimi
kullanilir (Chow vd., 1988). Secilen her siire i¢in yillik maksimum yagis yiiksekligi yagis
kayitlarindan ¢ikarilir ve daha sonra frekans analizi yillik verilere uygulanir. Farkli siireli maksimum
yagislarin Gumbel dagilimma gore frekans analizi test ve dagilim grafiklerine de ¢alismada yer
verilmistir. Yagis siddeti ayrica yagis siiresine baghdir. Siiregelen yagis siiresi arttikca toplam yagis
yiiksekligi artar fakat yagis siddeti azalir.

Calisma alanina yakin Meteoroloji Genel Midirligi’niin  Bitlis-Ahlat il¢esindeki
17810’nolu yagis Olgiim istasyonunun uzun yillara ait saatlik toplam yagis verileri mevcuttur.
Caligmada bu yagislarin havzaya tiniform dagildigt kabul edilerek Siddet — Siire — Tekerriir egrileri
yagis verilerine bagl olarak elde edilmistir. Calismada ayrica farkli yontemlerle elde edilen farkli
tekerriirlii tagkin pik debileri tablolar ile karsilastirmali olarak verilmistir. Bu tablolarda AGI degerleri
gercek akim 6l¢iim degerlerinden elde edildiginden referans olarak kullanilabilir. Sonug olarak, elde
edilen degerler arasinda en yiiksek degerleri veren metotlar Mc-Math ve Rasyonel Ydntemler
olmustur. Rasyonel Yontemin verilen havza 6lgeginde (336 km?) uygun olmayacag: bir gergektir.
Ancak ¢alismada bu yonteme de yer verilerek ¢ikan sonuglar karsilastirilmistir. Caligmada, Rasyonel
Yonteme gore daha biiytlik degerler veren Mc-Math yonteminin de bu havza 6lgeginde uygun degerler
vermedigi tespit edilmistir. Kullanilan metotlar arasinda en diisiik degeri veren metot ise Sentetik
Metot olmustur. Dolayisiyla bu dlgekteki bir havza igin Sentetik yontemin beklenenden daha kiiglik
degerler verebilecegi soylenebilir. Snyder Yontemi dzellikle 500 yillik tekerriirde AGI degerlerine
yakin sonuglar verse de bu yontemin dogrulugu segilen parametrelere ¢ok fazla duyarli oldugundan
kullanimi dikkat gerektirmektedir. Kullanilan tahmin yontemleri arasinda en giivenilir sonug veren
ise Mockus Yéntemi olmustur. Bu metot her ne kadar yiiksek tekerriir siirelerinde AGI degerlerinden
biiyiik sonuglar verse de giivenli tarafta kaldigindan bu yontemin diger yontemlere gore daha iyi sonug
verdigi sdylenebilir. Bu agiklamalar dogrultusunda akim 6lgtimleri yapilmayan orta lgekli havzalar
icin kullanilacak yontemler belirtilmistir. Bir bagka yaklagim olarak u¢ degerleri ¢ikartip ortalama
degeri kullanmak da istatistikte sik¢a kullanilan bir yoldur.






