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Abstract

The goal of this study is to investigate the water storage capacity changes in Geographic Information
System (GIS) environment due to sedimentation in Kozan Dam Reservoir by examining the local map of
the reservoir area and the bathymetric measurements in 2014 of the reservoir. Kozan Dam is operational
since 1972 and is located in Lower Ceyhan River Basin in Turkey. Reservoir storage capacity loss is
estimated by using GIS tools in digital environment and found as %88.7, %7.5 and %6.5 at minimum,
normal and maximum operation level of the reservoir respectively. The need for rehabilitation has arisen
in Kozan Irrigation Project in time. In terms of efficient use of water, it is necessary to monitor the
amount of water stored in Kozan Dam Reservoir which is used as a water resource of the irrigation
project in terms of providing expected performance.
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Baraj Rezervuarlarinda Sediment Birikiminin Incelenmesi
Oz

Bu ¢aligmanin amaci, Kozan Baraj rezervuarinda, rezervuar alaniin yerel haritasi ve 2014 yili batimetri
Olglimlerini kullanarak, katt madde birikiminden kaynaklanan rezervuar depolama kapasitesi degisimini
Cografi Bilgi Sistemi (CBS) ortaminda arastirmaktir. Kozan Baraji 1972°den beri isletme asamasindadir
ve Tiirkiye'de Asagi Ceyhan Nehir Havzasinda yer almaktadir. Rezervuar depolama kapasitesi kaybi,
sayisal ortamda CBS araglar kullanilarak tahmin edilmis ve rezervuarin minimum, normal ve maksimum
isletme seviyelerinde sirasiyla %88,7, %7,5 ve %6,5 olarak bulunmustur. Kozan Sulama Projesinde
zamanla rehabilitasyon ihtiyaci ortaya ¢ikmistir. Suyun verimli kullanilmasi1 ve beklenen performansin
saglanmasi agisindan, sulama projesinin su kaynagi olarak kullanilan Kozan Baraji’nda depolanan su
miktarinin izlenmesi gerekmektedir.

Anahtar Kelimeler: Rezervuarda sediment birikimi, Batimetri, Su kaynaklar1 yonetimi
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1. INTRODUCTION

Bathymetric surveys are conducted to detect
changes in bottom topography of oceans,
reservoirs, lakes, rivers and coastal areas [1-7].
The accuracy of underwater topography
measurements is important for constructing
harbour and coastal structures, transportation in
rivers and evaluation of monitoring activities in
reservoirs and lakes. Bathymetric maps are
prepared by making measurements depending on
the depth in order to determine the underwater
topography. There are various methods that are
used in bathymetry survey such as classical
methods, acoustic sonar measurement methods [8],
satellite-derived remote sensing techniques [9-13],
survey techniques using unmanned aerial vehicles
[14] and wunmanned surface vehicles [15].
Nowadays, traditional methods are replaced by
easy to use, labour and cost saving methods using
advanced devices.

The quantity and quality of water resources are
important in terms of benefiting from water
resources for various purposes such as irrigation,
energy, water supply, or flood control.
Meteorological, environmental and human impacts
in the scope of the effects on water management
strategies are examined in the search of solutions
to the problems caused. In this context, the
changes of the water volume stored in reservoirs of
dams that are constructed on rivers are regularly
monitored. In the literature, it is seen that GIS is
used in many research studies on the issues such as
irrigation [16-17], flood analysis [18-19], water
quality [20], groundwater [21-22], environmental
management, monitoring and evaluation works of
water-related parameters. In recent years, research
studies on one or more of the issues on reservoir
bathymetry survey methods, sediment transport,
sediment yield and reservoir sedimentation have
been seen in the literature [8,23-36]. Dadoria and
Tiwari (2016) presented a review study in the field
of sedimentation based on review of detailed study
of various researchers [37]. Adongo et al. (2019)
generated bathymetric TIN maps of 9 reservoirs in
Ghana interpolating depth points by using GIS
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tools for investigating reservoir sedimentation
[38]. Darama et al. (2019) analysed bathymetric
data of Hasanlar Dam Reservoir in GIS
environment with the aim of investigation of
reservoir sedimentation [39]. Giivel and Yurtal
(2020) investigated the changes in sediment
accumulation in Seyhan Dam Reservoir by using
historical hydrographic measurements [40].

In this study, it is aimed to investigate the effects
of sedimentation in Kozan Dam Reservoir on
water resources management studies by using
bathymetric-based data of the year 2014 in
comparison with local topography map of the
reservoir area before the dam constructed.

2. STUDY AREA

Kozan Dam reservoir area is selected as the study
area to investigate sediment threat on Kozan Dam
reservoir and sedimentation effects on operation
works of the dam. Kozan Dam was constructed in
the north of Kozan in Adana in the Lower Ceyhan
River Basin. The main stream branch of the dam is
Kilgen River and its tributary branches are
Kirksuyu Stream and Dalacak Stream. Kozan Dam
characteristics are given in Table 1 and the
location of Kozan Dam is shown in Figure 1.

Table 1. Kozan Dam characteristics

Characteristics Data
River Basin Ceyhan
River Kilgen
Type Rock fill
Date put into operation 1972
Purpose Irrigation
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Figure 1. The location of Kozan Dam in Turkey

3. MATERIAL AND METHOD

The topographic maps of the Kozan Dam reservoir
area prepared in 1962 and the bathymetric map of
Kozan Dam reservoir prepared in 2014 were
obtained from DSI archive. The topographic maps
were created by using aero photogrammetry
method. In order to digitize the maps obtaining the
reservoir area topography prepared in 1962, the
maps have been scanned and transferred into GIS
environment with referenced coordinates, the
elevation information on the maps has been added
to attribute table with integrating location
information. Digitized map of the reservoir area
before the construction of Kozan Dam is given in
Figure 2(a). Survey data of bathymetric
measurements of Kozan Dam reservoir in 2014
was carried out by photogrammetric method on the

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

land side and by using echo-sounder on the water
side, the hydrographic map of the reservoir was
produced integrating both land side data and water
side data. Depth and location information of
bathymetric survey is integrated in the database
using tools of required software in preparing of
hydrographic maps, measured values can be
extracted to CAD/GIS software to create 3D
models and to assess outputs of geographic
analysis. Bathymetric map of 2014 in NCZ format
in GIS environment is given in Figure 2(b). In this
study, ArcGIS software was used to create and
evaluate digital models of the reservoir. Analysis
of the topography map versus the bathymetric
map, and creating digital surfaces were carried out
by using GIS. ArcGIS software was used to create
3D models of Kozan Dam reservoir and sediment
thickness map of the reservoir.
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Figure 2. (a) The digitized map of the reservoir area before the construction of Kozan Dam, (b) The
image of Kozan Dam reservoir bathymetric survey data of 2014

4. RESULTS AND DISCUSSION

The map of 1962 of the dam site and the
reservoir area was digitized by using ArcGIS;
TIN  (Triangular  Irregulated  Network)
interpolation method was used to create digital
model of the dam site and the reservoir area
before dam construction which is shown in
Figure 3 (a). Reservoir bathymetric survey data
of 2014 was used to create 3D model of Kozan
Dam reservoir of 2014 which is shown in Figure
3(b). Reservoir storage capacity at certain water
levels were calculated based on both two 3D
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models by using GIS tools. Volume-elevation
chart for two models were prepared to compare
the water volumes at certain levels. The
capacity loss between years provides the
information about sedimentation amount.

Volume-elevation curve of the Kozan Dam
reservoir is seen in Figure 4. Reservoir storage
capacity loss of the Kozan Dam reservoir at
minimum, normal and maximum operation level
of the reservoir is estimated as %88,7, %7,5 and
%6,5 respectively by using GIS analysis tools.
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Figure 3. (a) 3D model of the reservoir area before the construction of Kozan Dam in 1962, (b) 3D

model of Kozan Dam reservoir in 2014
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Figure 4. Volume-elevation curve of the Kozan
Dam reservoir

The sub-basin area of Kirksuyu Stream is
approximately 4.8 times larger than the area of the
sub-basin of Dalacak Stream, therefore it has been
evaluated that the main source of sediment coming
to Kozan dam reservoir is Kirksuyu Stream sub-
basin.
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Sediment thickness map of Kozan Dam Reservoir
was obtained by comparing the dimensional
models of 1962 and 2014 in GIS environment
(Figure 5). The sediment thickness in front of the
dam body in the reservoir area is up to 18 meters.
The storage volume loss of %88.7 in dead volume
capacity; the analysis and calculation of the
revised storage volume of the reservoir compared
to the previous condition indicates the necessity of
the revision on operation-maintenance works
depending on not only water volume changes but
also the possibility of usability of water intake
structure of the dam body.

As seen in Figure 5, the bottom elevation of the
reservoir has been assessed to be decreased due to
erosion underwater on the left side of the dam
reservoir close to thalweg. Sediment accumulation
between 0-5 m and underwater erosion between
-5-0 m are seen in the central parts of the reservoir
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by examining the sediment thickness map between
2014 and 1962. It is seen that in the upstream
erosion occurred along the shoreline and there is
sediment accumulation in the middle parts.

Sediment accumulation in the area close to the
dam body has rised up to 15 meters by 2014. There
is no available data on erosion in the reservoir.
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Figure 5. Sediment thickness map of Kozan Dam Reservoir between 2014 and 1962

The cross-sections in the reservoir shows the
sediment accumulation and the elevation changes
between 2014 and 1962 (Figure 6). It is seen that
minimum ground topography elevation in front of
the dam body is 224 meters in 2014 as seen in the
cross-section A-A’ in Figure 6.a, so the operation
works of the dam has to be revised upon revised
volume-elevation-area chart. The cross-section B-
B’ shows the elevation changes caused by
transported sediment from sub-basin of Dalacak
Stream which is the tributary of Kilgen River.
Sediment accumulation in B-B’ cross-section
(Figure 6.b) is between 0-10 meters. Erosion effect
on the shoreline of the reservoir is seen at the
cross-section C-C’ (Figure 6.c), there’s no
available historical data records about the main
causes of erosion on this side. Sediment
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accumulation is also seen on this cross-section.
The cross-section D-D’ (Figure 6.d) shows the
elevation changes caused by coastal erosion in the
upstream.

Irrigation rehabilitation studies are carried out in
order to use water efficiently in cases where the
amount of water required for irrigation is
insufficient in irrigation projects or inadequate
efficiency from irrigation facilities. Kozan Dam
reservoir is the water resource of Kozan Irrigation
Project. The storage volume capacity of Kozan
Dam Reservoir and sedimentation impacts on the
dam body and the reservoir have to be monitored
regularly because of its effect on the operation
works of the irrigation project.
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Figure 6. The sediment accumulation on sample cross sections in Kozan Dam Reservoir between 2014

and 1962

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

875



Investigation of Sediment Deposition in Dam Reservoirs

5. CONCLUSION

Bathymetric surveys are carried out to map details
of ground topography in lakes, reservoirs and
oceans; integrated hardware and software
technology with high capacity is essential to
provide high resolution bathymetry data. The areal
sizes of reservoirs, climate factors and topography
of coastline of reservoirs are needed to be taken
into account in determining period and cost of
bathymetric surveys.

Sediment thickness map of Kozan Dam Reservoir
was prepared in GIS environment, then spatial and
temporal changes of sediment accumulation up to
2014 in Kozan Dam Reservoir was estimated.

Reservoir storage capacity is calculated by using
3D models in GIS environment and storage
capacity loss is estimated as %88.7, %7.5 and
%6.5 at minimum, normal and maximum
operation level of the reservoir respectively.

The analysis results of this study obtained by using
GIS tools will contribute future works on
investigation of sedimentation impacts on
operation works of the dam. The results will also
contribute next researches based on new
bathymetric survey data in the future.
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