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ABSTRACT

FINDING THE MOST SUITABLE IRRIGATION DAMS FOR
HYDROPOWER DEVELOPMENT BY USING GIS TOOLS

Al BAYATI, Omar
M.Sc., Department of Computer Engineering
Supervisor: Assoc.Prof. Dr. H. Hakan MARAS
Co-Supervisor: Prof. Dr. Serhat KUCUKALI

January 2020, 136 pages

This thesis aims to find the most suitable irrigation dams for hydropower development in
Turkey to provide clean energy from an available resource by assessing on technical, spatial,
and environmental criteria. The selected dams are arranged based on their suitability scores
into three categories (high, medium and low) using a multi-criteria fuzzy logic tool that
calculates the score separately for each criterion and then aggregates them into an overall
suitability score. Six criteria are assessed: normal water level, reservoir storage capacity,
dam purpose, years in operation, nearest substation distance and environment impact
assessment requirement. The criterion of nearest substation distance was used to ensure that
the benefits of potential power are consistent with the cost of grid connection. A
methodology for finding best grid connection path is presented based on a multi-criteria
geographic information system (GIS) spatial analyst to achieve the least cost, lowest power
losses and lowest environmental impact. Two dams are chosen as case studies, Karadere and
Karacomak. For these dams, technical and spatial criteria are evaluated and the potential
power and economic benefits are estimated. A least cost path methodology is applied to find

the best grid connection path for each of those dams to their nearest substations.

Keywords: Hydropower, Grid Connection, Fuzzy logic, GIS.
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HIDROELEKTRIK ENERJi URETIMI iCiN EN UYGUN TARIMSAL
SULAMA BARAJLARININ CBS YONTEMI ILE BULUNMASI

Al BAYATI, Omar
Yiiksek Lisans, Bilgisayar Miihendisligi Bolumu
Tez Yoneticisi: Dog. Dr. H. Hakan MARAS
Ortak Tez Yoneticisi: Prof. Dr. Serhat KUCUKALI

Ocak 2020, 136 sayfa

Bu tezde, Tiirkiye'de hidroelektrik gelisimi i¢in en uygun sulama barajlarin bulunmasi
hedeflenmistir. Teknik, mekansal ve g¢evresel kriterleri degerlendirerek mevcut sulama
barajlarindan temiz enerji temin edilmesi amaglanmistir. Segilen barajlar daha sonra
uygunluk endekslerine gore ii¢ kategoriye ayrilmistir: yiiksek, orta ve diisiik. Her kriterinin
uygunlugunun ayr1 ayn hesaplayan ve daha sonra bunlart Genel Uygunluk Endeksine gore
bir araya getiren bulanik mantik araci kullanilmistir. Alt1 kriter degerlendirilmistir: rezervuar
ortalama su diistim yiiksekligi, rezervuar hacmi, barajin amaci, baraj yasi, en yakin trafo
merkezine mesafesi ve c¢evre etki degerlendirme icin enerji nakil hattt1 mesafesi. En iyi
sebeke baglant1 yolunu bulmak i¢in en diisiik maliyet, en diisiik gii¢ kayb1 ve en az cevresel
etkisini elde etmek igin ¢ok kriterli CBS mekansal analiz yontemi sunulmustur. Ornek
calisma i¢in iki baraj secildi: Karadere ve Karagomak. Bu barajlar icin teknik ve mekansal
kriterler degerlendirilmis, ayrica potansiyel giic ve ekonomik faydalar tahmin edilmistir. Ek
olarak, bu barajlarin her biri i¢in en yakin trafo merkezine en iyi sebeke baglanti yolunu

bulmak i¢in en uygun giizergah metodolojisi uygulanmstir.

Anahtar Kelimeleri: Hidroelektrik, Sebeke baglantisi, Bulanik mantik, CBS.
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CHAPTER 1

INTRODUCTION

In Turkey, it is expected that there will be an increase in demand for electricity due to
economic growth. According to the European environment Agency Report 2017 of changes
in Turkey land cover for years 2006 to 2012 [1], the types of land use that increased are
residential, industrial and water bodies, which proves the increase in electricity demand, at
the same time increasing the possibility of exploiting water bodies' increase represented by
irrigation dams in hydropower generation. The laws in recent years succeeded in promoting
the utilization of renewable energy for electricity generation [2]. It is estimated that installing
a small hydropower plants to 45 municipal water supply dams will generate 173GW/year
without effecting the environment [3]. But, what about 751 irrigation dam or other purposes
other than hydropower in operation in Turkey. Sure if they are also used for this aim, the
173GW/year will increase at least by a factor of 3. In light of this, the aim is finding the most
suitable irrigation dams for a hydropower development by using geodatabase query, fuzzy
logic and a Multi-criteria GIS spatial analyst tools, also connecting these potential new
hydropower dams to the existing electricity grid by finding the best path (shortest, least risk,
least cost and least environment impact route) according to the criteria for grid connection.
The use of GIS spatial analyst tools can help in performing analyses on spatial data, and can
provide answers to spatial questions such as “How steep is this location?” and “What is the
distance between these two locations?”. It's also provides answers to more complex spatial
questions such as “Which is the nearest facility for a particular location?” and “What is the
least costly path between two locations?” [4]. There have been many studies based on
different criteria in Germany, Turkey, and Switzerland that have successfully identified a
number of potential sites for small hydropower production [5][6][7], and several studies have
successfully evaluated a number of existing paths based on potential path or evaluated the

criteria for power lines routing for grid connection in turkey and Spain [8][9].
1



Unlike these studies, this study is an integrated solution; a holistic strategy within the
modern GIS tools was created to achieve the study goals by combining spatial criteria and
technical criteria and then applied spatial analysis tools to find the best irrigation dams to
develop hydropower and ranked them according to the degree of suitableness using the fuzzy
scoring logic for the multi-criteria which include technical, spatial, environment and risk
criteria. A second phase of spatial analysis was applied by finding the best path to link the
energy produced from those dams to the existing electricity grid also for the same multi-
criteria to ensure the compatibility of the potential generated power with all these criteria and
to avoid unbalanced results as in some energy projects where the cost of grid connection
exceeded the benefits of generated power [10]. Siphon turbines have been proposed for
hydropower development without tampering the irrigation dams' body.

1.1. Background

In Turkey economic growth and an increase in population bring more electricity and
irrigation water demand. The population expected reach 91 million in 2030 with an annual
growth rate of 1% [11]. As seen from Figure 1 most of the water is consumed through
irrigation. Turkey has 25.85 Mha (million hectares) irrigable area (4.3 Mha is currently being
irrigated) and 106.6 km?® per year total available water resources, most of the irrigation
systems (96%) are depend on dams [12]. According to that and by the fact of 711 existing
dams irrigation and multipurpose dams in Turkey until 2018 (Figure 2), which could be used
to install hydropower plants and collect the highest amount of energy from these dams to
avoid the cost of constructing new hydroelectric dams [13] or thermal power plants, which
have a negative impact on the environment [6]. Previous researches in Germany [5], Turkey
[6], and Switzerland [7] were succeeded in finding appropriate dams for the development of
hydropower. Prior research has shown that hydropower can be produced from 43 domestic
water dams in Turkey, where the expected power is 173 GW/year [3]. Based on values of
106.6 km?3/year of water resources for irrigation and by using a hydropower calculator to
estimate the potential power [14], it should be possible to collect around 500 GW/year of
power by choosing the best from existing 711 irrigation dams for hydropower development
with the lowest investment cost by finding the best connection path to the current power grid
in accordance with the same technical criteria that succeeded to achieve the highest energy in
addition to spatial criteria of best grid connection to about 692 existing power substation in
Turkey (Figure 3).
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Figure 2 Distribution of 711 irrigation dams over 81 provinces in Turkey in 2018
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Figure 3 Distribution of 692 substations over 81 provinces in Turkey in 2018

1.2. Objectives

This thesis aims to assemble a large power capacity from several of the most suitable

irrigation or multipurpose dams to gain the maximum benefits by investigation on the best

dams for hydropower development with best grid connection to nearest substations based on

least cost, least power losses, lowest risks and lowest environmental impact.

1.3. Organization of the Thesis

This thesis contains six chapters, in which the steps and the methodology used to reach the

objective of the thesis are explained and discussed.

Chapter 1 highlights the objectives of the thesis and describes previous studies. An

introduction is given to the availability of potential hydroelectric resources in Turkey, as

4



represented by the presence of irrigation dams and the availability of substations for the

electricity transmission grid.

Chapter 2 describes the preparation of the geographical database, the determination of spatial
and technical criteria for both dams and substations, and the use of database queries to filter

the dams and substations and to choose the best of them, based on the specified criteria.

Chapter 3 explains the use of multi-criteria fuzzy logic to classify the selected dams
according to their suitability, in terms of meeting the specified technical and spatial criteria.

Chapter 4 presents the steps and methodology involved in the multi-criteria GIS spatial
analyst use to find the best grid connection paths between dams and their nearest substations,

within a maximum distance of 40 km.

Chapter 5 discusses the selection of two dams with high and medium suitability scores as
case studies: Karadere and Karagomak. The technical and spatial aspects of these dams are
discussed, the potential power is calculated and the methodology used to find the best path to

their nearest substations for grid connection is explained.

Finally, Chapter 6 presents the conclusion of the thesis, a discussion, and recommendations

for future studies.



CHAPTER 2

TECHNICAL AND SPATIAL CRITERIAUSED TO SELECT THE MOST
SUITABLE DAMS AND POWER SUBSTATIONS

2.1. Building the Geographical Database

In order to reach the goal of finding the best irrigation dams for hydropower development
with best grid connection, it must be dealt with the data and locations of 751 dams (which
are not already used as hydropower dams) as well as the data and locations of 692
substations (power transmission and distribution substations), in addition to the general data
of Turkey map and its 81 provinces, also the spatial reference images of the areas between
the selected dams and nearest power substations and their components for finding the best
grid connection path. For this reason, a geodatabase was first build using Environmental
Systems Research Institute (ESRI) ArcGIS-ArcCataloge softwear to apply a database query
and a multi-criteria spatial analyst and to save the resulting data. In this geodatabase the

following initial objects have been created:

Dams table (point feature class): The data table of 751 dams (which are already not
hydropower dams). For each dam in this table the following fields were included; dam name,
start operation year, river, province, purpose, dam body type, reservoir capacity in cubic
hectare, base height (dam height from the base) in meter, dam height from the thalweg (river
bed) in meter, normal water elevation above the sea level in meter, dam crest elevation above
sea level in meter, full spillway in m%s, dam (longitude X, latitude Y and elevation Z)
geographic coordinates, normal water level in meter (head or normal water height from

thalweg) and irrigated area in squire hectare.



Equation (1) was derived to calculate normal water level (NWL) field values (Figure 4),
using Add Field and Field Calculator tools, where:

NWL = [dam height — [crest elevation at sea level — normal water elevation at sea level]] (1)

Dam name | Dam height | Crestelevation | Normal water elevation | Head or NWL
(m) fromsealevel (m) fromsealevel (m) (m)
70 811 805 64

KARADERE

Crestelevationfromsealevel

h 4 811 (m)

...................

/AT \"S \'1

Head = Dam height - | Crest elevation from sea level - Normal water elevation from sea level
64 = 70- 811 - 805

Figure 4 Calculation of normal water level from thalweg (head) for Karadere Dam

The dams table data were obtained from the Dams of Turkey guide provided by the Turkish
Water Works Directorate (DSI) [15], the coordinates of the dams were included by the dam
information available through Barajlar Uygulamasi v1.4 online application provided by DSI
[16]. Information and data on the status of some of the dams were also updated via the
verification and matching of information from various news and informatics resources,
including the Hurriyet website, DSI website and Google Earth.



Substations table (point feature class): The data table of 692 substations. For each
substation in this table, the following fields were included; substation name, substation
region directorate, substation institute, operational status, voltage level in kV and substation

(longitude X, latitude Y and elevation Z) geographic coordinates.

The substations table data and coordinates (Trafo Merkezleri ve Tarife Bolgeleri Listesi)
[17], were downloaded in form of portable document format (PDF) and keyhole markup
language zipped (KMZ) files from the website of the Directorate of Environmental
Protection of Turkish Electricity Works Corporation (TEIAS).

Turkey provinces map (polygons feature class): The map of provinces in Turkey using the
World Geodetic System (WGS) 1984 Lambert Conformal Conic geographical coordinate
system.

The coordinates for the dams and substations were also verified and corrected by dropping
them onto the satellite image and map in the Google Earth Pro application and Google Maps.
The locations of the dams and substations on the spatial reference satellite image and map

were viewed and corrected if any deviation was detected.

2.2. Determination of Criteria

After the creation of the geodatabase to allow query filtering, the technical and spatial
criteria were defined. These criteria were used to find suitable dams and substations and to
exclude those that did not completely meet the criteria. An integrated strategy based on GIS
tools was created to achieve the goals of the study by combining geographical (spatial) and
non-geographical (technical) criteria. Spatial analysis tools were then applied to find the best
irrigation dams for hydropower development and the best power substations to connect with

them. Based on this, the following criteria were set.

2.2.1. Dams Criteria for Best Hydropower Generation (Technical Criteria)

Modern hydropower turbines can turn most of the available energy into electricity, while the
best fuel power plants are less effective. Water turbines convert water pressure into
mechanical energy, which is used to operate an electricity generator. The electrical power

available from the water pressure depends on the product of the pressure head and discharge
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water. The pressure head is proportional to the height of the dam. For irrigation dams, the
discharge water is proportional to the irrigated area, which itself depends on the reservoir

capacity [18]. This is expressed in Equation (2).

P=yxQx(H-AH)xn (2)

Where v is the specific weight of the water, Q is the discharge (m3/s), H is the head (m), AH
is the hydraulic head loss (m), and 7 is the sum of the turbine and generator efficiency [3].
Based on this, the technical criteria of dam base height and reservoir capacity were set; other
criteria included dam years in operation and dam purpose.

Dam height and reservoir capacity: The International Committee on Large Dams (ICOLD)
has identified large dams as being those with a height of more than 15 m from the base and a
reservoir capacity larger than 3 cubic hectares [19]. Higher heads will decrease the
construction and equipment costs of hydropower generation [20], while higher reservoir
capacities will provide the continuous, reliable discharge needed for hydropower generation.
Hence, when filtering the dams to choose the best for installation of a hydropower plant, the

conditions of height >= 15 m and reservoir capacity >= 3 hm3 were applied.

Dam years in operation: Dams do not last forever; they require regular maintenance and
have a finite lifespan. Across the world, many dams were built during the 1930-70s, a period
of intensive dam construction, and these have an expected life of 50-100 years. Due to
inadequate maintenance, and/or for environmental or operational reasons such as sediment
accumulation over the anticipated life of the reservoir, some of these dams will fail or be
removed [21]. Over 450 dams have been removed in the United States alone, and these have
been reasonably old (average age 87 years at removal) [22]. For this reason, dams with
(years in operation < =80) were chosen in this study. As a result of database query filtering
based on all criteria, the oldest dam chosen had been in operation for 60 years, meaning that

at least 20 more years of life could be expected before removal.

Dam purpose: Globally, irrigation dams are most suitable for hydropower development
[18]; they often have a strong, continuous flow of water, since they are established for the
purpose of irrigating large areas of land near rivers which provide a good water supply
encourage agriculture. In addition, the simple design of irrigation dams allows for the

modifications required to install various power turbines (Figure 5). For example, a siphon



intake turbine can be installed; this is an elegant solution that does not need to pierce the dam
body, and the design of the crests of irrigation dams near the water surface makes it easy to
install with a generating efficiency of about 95%. There are examples of such turbines with
installed power of up to 11 MW and heads of up to 30.5 meters, and they can be located
either at the top of the dam or on the downstream side (Figure 6). If the dam already has a
bottom outlet, this will offer the possibility of installing another type of power turbine
(Figure 7) [18].

Figure 5 Simple design of an irrigation dam (Koyunbaba Dam)
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In addition, it can be observed from Figure 1 that the largest demand for water is from
irrigation dams. Approximately 96% of the irrigation systems in Turkey are based on dams

[12]. Most other types of dams are already used for hydropower or are planned for
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hydropower development [3], or do not have a large, stable water discharge like irrigation
dams [18]. Thus, in the database query related to the purpose of the dam, only irrigation
dams or irrigation dams with other purposes | (irrigation), IM (irrigation and municipal), IF
(irrigation and flood control) and IFM (irrigation, flood control and municipal ) were
selected, meaning that municipal or flood control dams that were not used for irrigation were

excluded.

Result: As a result of applying database query filtering to all 751 dams based on the above
criteria, using the Select by Attributes tool in ArcMap, the number of dams was reduced to
273. This means that 478 dams did not meet the criteria (height >=15 m, reservoir capacity
>= 3 hma3, dam years in operation <= 80 and irrigation purposes) and were excluded.

2.2.2. Substations Criteria for Electrical Power Transmission (Technical

Criteria)

Consumers receive electrical energy after the processes of generation, transmission, and
distribution. Before the generated energy is transmitted via the grid, step-up transformers are
used to increase the voltage, in order to reduce energy losses in the lines. The generated
electricity is transmitted to a grid connection point (step-up substation), where electricity is
converted to the voltage of the transmission network (Figure 8) [23]. Step-up substations are
used for long-distance electricity transmission, and the voltages for long distance
transmission range from 155 to 765 kV [24].

Typically, renewable energy projects use step-up transformers to collect the output from
turbines and route it to a transmission substation, where the voltage can be stepped up again
to enable the efficient onward transmission of power via a land-based transmission system. It
has been shown that by increasing the array system voltage, it is possible to transport a
greater amount of power along a cable with the same cross-sectional area. The most
significant benefit in transferring to a higher voltage is that less array cabling is required, and
this can result in substantial capital costs savings, in terms of both the purchase and

installation of cables [25].

Power plant transformers are used to step up the power produced by the hydroelectric
generator, which is generally at between 0.415 and 11 kV, to a level which matches the

substation transmission system voltage, typically between 12 and 420 kV. Transformers for
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micro hydro applications are normally 12 kV class, while those for small hydropower
projects of approximately 3 to 5 MW are generally 36 kV class. A generator transformer for
large units may be up to 420 kV class. From 145 kV class and upwards, transformers are
available with two or more values of basic insulation. The choice of the lower value of
insulation is made on the assumption that the equipment is adequately protected against
surges. Power plant step-up transformers for small hydropower applications are liable to be
subjected to high temporary overvoltage due to load rejection, and a higher voltage must
therefore be used [26].

In Turkey, electricity generated by thermal, hydro and natural gas power plants is injected to
the interconnected system via 154 kV or 380 kV power transmission lines, and is transferred
to the closest substations through auto transformers at a voltage level of 154 kV. It is then
reduced to 34.5 kV, 31.5 kV and 15 kV at substations and transmitted to the consumption
points. Distribution transformers are used to decrease the voltage level from 34.5 kV to 400
V, and the final consumers such as factories, offices, commercial institutions and homes can

use this electrical energy at this voltage level (Figure 8) [27].

TRANSMISSION
SUBSTATION

POWER PLANTY sTeP-up

TRANSFORMER

HOME TRANSFORMERS DISTRIBUTION
SUBSTATION

Figure 8 Generation, transmission and distribution grid
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Result: Based on the above, step-up transmission substations of 154 kV and higher were
selected, while substations that were under construction were excluded. As a result of
applying database query filtering to all 692 substations using the Select by Attributes tool in
ArcMap, the number of substations was reduced to 658, meaning that 34 substations which

did not meet the criteria of voltage >= 154 kV and in-operation status were excluded.

2.2.3. Maximum Distance to Nearest Substation (Spatial Criteria)

Turkey consider as medium-area country with a population density proportional to the total
area. It has 81 provinces that are approximately similar in area and a large number of cities
and villages that are close to each other. Most residential communities are therefore close
together and connected to the national electricity grid, meaning that the grid covers the entire
country and there is no location that is very far from the grid. This can be seen from the map
of grid transmission and distribution substations, which show 692 substations, distributed
over 81 provinces (Figure 3). With a total area of 783,562 km?, this means an average of one

substation for each 34 km2, as calculated using Equation (3).

Average distance between substations = V [Total area / Number of substations] 3)

Based on this, connecting the potential hydropower produced from the selected dams of this
study to the transmission grid is a good option. In remote areas, the construction of new
transmission lines can incur considerable planning hurdles and costs, and it is easier and
more economical to locate a hydropower scheme that is closer to the loads or existing
transmission lines [23]. In this case, the grid will transfer the power and then distribute it
optimally, rather than direct distribution via an isolated grid that can create cost or instability
problems related to capacity and demand [28]. The issue of grid connection distance is one
of the most important issues that must be considered when planning power generation [29].
Many projects have encountered problems from power production that is disproportionate to

the distance to the grid or cost of the grid [10].

The grid connection distance mainly depends on the amount of power produced and the load
voltage of the transmission lines. For example, a 160 km distance at 345 kV carrying 1000
MW of power may experience losses of 4.2% [30], where when the power produced is
greater, the economic feasibility of sending them to long distance will be greater. Also when

the qualitative resistance of the transmission wire is smaller, the loss of power during the
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distance will be smaller, and then the possible distance will be greater. At the same time the
qualitative resistance increases, when the power transferred increases then losses during the
unit of distance increases. And the qualitative resistance decreases when the load voltage

capacity increases then losses during the unit of distance decreases.

Based on this, there is a term known as (break-even distance), which is the distance that if
exceeded, the grid connection becomes economically inefficient either because of the
increased cost of grid connection above the value of power produced or because of the loss
of power due to the qualitative resistance of the transmission wire [31]. Mainly for small
hydropower the maximum transmission loss should not exceed 4.5 percent of the received
energy [10]. For short distances lines (less than about 80 km) the capacitance and leakage
resistance to the earth are usually neglected [32]. Studies determined the break-even grid
connection distance (nearest substation) for a small hydropower and or micro renewable
energy at 45 km to 50 km [33] [34]. The resources also indicate that hydropower projects
with a capacity of more than 100 kW can be connected to the grid [28].

Since the criteria for substations and power transmission were set to ensure the best transfer
of produced power with lowest loss within the distance unit, as well as through the selection
of technical criteria for irrigation dams which can achieve the highest production of
hydropower including the dam height and reservoir capacity with considering the irrigated
areas and compared with the dams of other studies whose potential power has been already
calculated, the estimated potential power that can be produced from the selected dams in this
study ranges from 100 kW to 10 MW or above. Such estimates can be attributed to small and
medium hydroelectric power according to most hydropower definitions [28], which can be
generated from small or medium-flow rivers. Such energy is economically feasible to

connect to the grid.

The maximum grid connection distance (break-even distance) between the selected dams and
their nearest substations was therefore set to 40 km, in order to avoid exceeding power losses
of 45% (Figure 9) and to take into account the average distance of 35 km between

substations in Turkey, as indicated in Equation (3).
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Figure 9 Losses Percentage of losses from hydropower (100-10000 kW) via 154 kV

transmission lines over distance of 10, 20, 30 and 40 km

Result: After applying spatial analyst to the geodatabase of dams and substations using
ArcMap Select by Location tool, all dams without a substation within a distance of 40 km
were excluded. Thus, the number of dams was reduced to 265, as eight dams without a

substation within 40 km were excluded.

A 'near table' was then created using the spatial analyst tool Create Near Table. This table
identifies the nearest substation for each dam and calculates the straight-line distance to that
substation. As a result, 265 dams with 183 nearest substations within 40 km were obtained; it

should be noted that some substations were near to more than one dam.

2.3. Geodatabase Filtering of Criteria and Spatial Analyst Results

By applying geodatabase queries based on the technical criteria for the dams and substations
and the spatial criterion of nearest substation distance using ArcGIS spatial analyst tools
Select by Attribute, Select by Location and Create Near Table, and joining the records of
nearest substations from the substations table to the selected dams table using Join and

Relate tool in ArcMap, the following results were obtained (Figure 10):
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- The most suitable 265 irrigation dams for hydropower development were identified.
- A total of 183 nearest substations located within 40 km of the selected 265 dams were
selected by assigning the nearest substation to each candidate dam, some of these substations

were near to more than one dam.

- The straight-line distance was calculated from each candidate dam to its nearest substation.

Most Suitable 265 Dams And Their 183 Nearest Substation within 40 km

0 250 500 1,000 Kilometers
L L L L 1 I I L |

L Selected 265 Dams

Near_substations

l:l Provinces

Figure 10 The selected 265 dams and nearest 183 substations (within 40 km)

For the selected 265 dams, in order to recognizing the differences between criteria data

preferences, statistical indicators were calculated.
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Statistics for the criterion of dams base height: The dam which has the maximum base
height of the selected dams is (Burgaz Zeyti) has 115 m base height which considered a high
preference for hydropower development. Burgaz Zeyti Dam has good values in its
preferences of the other criteria. It should be noted that there is no clear relationship between
the base height of the dams and their other criteria, except for the normal water level, since
this depends on the height of the dams (Table 1). The average base height for the selected

dams was 48 m, and most of the selected 265 dams had base heights of between 20 and 70 m
(Figure 11).

Table 1 Comparison in base height criterion preference of the selected 265 dams with their

other criteria statistical indicators

Dam base Value / Reservoir Years in Irrigated Normal Water | Near substation
height (m) Preferences capacity (hm3) operation | Area (hmz) Level (m) distance (km)
15 Min / Low 55.2 2 77 10 26.8
46 Median / Mid 18.9 11 5128 28 20.1

115 Max / High 33 5 3009 81.5 11.9
Fleld
i s ] Frequency Distribution
Statistics:
éOLI;’\iZ _2_65

Minimum: 15
Maximum: 115
Sum 1272335
Mean:  48.012642
Standard Deviation: 19.017414
Nulls: 0

105

Figure 11 Statistics for the criterion of base height for the selected 265 dams
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Statistics for the criterion of dams reservoir capacity: The dam which has the maximum
reservoir capacity of the selected dams is (Kartalkaya) has 717.7 hm?® reservoir capacity
which considered a high preference for hydropower development. Kartalkaya Dam has a
medium values in its preferences of the other criteria. It should be noted that there is a
relationship between the dams reservoir capacity and their other criteria, except the near
substation distance because it's a spatial criterion which is not related with dams technical
criteria (Table 2). The average reservoir capacity for the selected dams is 43 hm® and most

of the selected 265 dams have a reservoir capacity between 3 to 90 hm? as shown in Figure
12.

Table 2 Comparison in reservoir capacity criterion preference of the selected 265 dams with
their other criteria statistical indicators

Reservoir Value / Dam base | Yearsin Irrigated Normal Water | Near substation
capacity (hm°) Preferences height (m) | operation | Area (hm?) Level (m) distance (km)
3 Min / Low 255 31 450 15 7.2
18.5 Median / Mid 44 5 2045 26.5 154
717.7 Max / High 57 38 20000 49 125

Field
[Reservorv 4 Frequency Distribution
Statistics:
aqgm: i §65 200
Mandmum:717.7 150
Sum: 11487.114
Mean: 43.3476 100
Standard Deviation: 74.802772
Nulls: 0 50
0 g 7 7 T =
3.0 1128 2225 332.3 4420 551.8 6615

Figure 12 Statistics for the criterion of reservoir capacity for the selected 265 dams
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Statistics for the criterion of dams nearest substation distance: The shortest grid
connection distance between the selected dams and nearest substations is (Kocadere) has 720
m nearest substations distance which considered a high preference for grid connection.
However Kocadere Dam has low values for its other technical criteria preferences. There is
no relation between the nearest substation distance of the selected dams and their other
criteria, since this is a spatial criterion that is not related to the technical aspects of the dams
(Table 3). The average distance to the nearest substation for the selected dams was 17.29 km,

and the selected 265 dams had a normal distribution around the average value (mean) for this
criterion (Figure 13).

Table 3 Comparison in nearest substation distance criterion preference of the selected 265
dams with their other criteria statistical indicators

. Normal Reservoir
Near substation Value / Dam base Years in Irrigated .
) ] ) o | Water Level capacity
distance (km) Preferences height (m) operation Area (hm°©) 3
(m) (hm?)
0.72 Min / High 23.75 37 381 13.7 3.71
16.55 Median / Mid 89 22 3123 68 314
38.20 Max / Low 36 60 5438 31 30.9
Field
I Frequency Distribution
Statistice:
Count: 265

Minimum: 0.724806

Maximum:38.203633

Sum: 4583.42633

Mean: 17.295548
Standard Deviation: 8577374
Nulls: 0

0.7 65 122 18.0 237 295 353

Figure 13 Statistics for the nearest substation distance criterion for the selected 265 dams
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Statistics for the criterion of dams years in operation: The dam which has the minimum
years in operation of the selected dams is (Ardil) has one year in operation, which is
considered a high preference factor in encouraging hydropower development, as it indicates
that around 79 more years of operation are possible. Ardil Dam has normal values for its
other technical criteria and a good value for the nearest substation distance. There is no
relationship between years in operation for the dams and their other criteria (Table 4).The
average value for the years in operation of the selected dams was 22 years, and most of the
selected 265 dams were built after 1980 (Figure 14).

Table 4 Comparison in years in operation criterion preference of the selected 265 dams with
their other criteria statistical indicators

Years in Value / Dam base Reservoir Irrigated Normal Water | Near substation
operation Preferences height (m) | capacity (hm3) Area (hmz) Level (m) distance (km)
1 Min / High 54 10.97 2126 44 12.73
20 Median / Mid 97 79.4 7872 84 13.82

60 Max / Low 36 30.9 5438 31 38.2

Field
[StatOpers I Frequency Distribution
Statistics:

40
Count: 265
Minimum: 1958
Maximum: 2017 30
Sum: 529045
Mean:  1996.396226 20
Standard Deviation: 14.660613
Nulls: 0 10

0
1958 1967 1976 1985 1994 2003 2012

Figure 14 Statistics for the criterion of years in operation for the selected 265 dams
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Statistics for the criterion of dams irrigated areas: The dam which has the maximum
irrigated area of the selected dams is (Apa) has 97015 hm? irrigated area which considered a
high preference for providing water supply for hydropower development. Apa Dam has low
values for its other criteria preferences although it has a high value for reservoir capacity.
The irrigated area is strongly related to reservoir capacity, since a high reservoir capacity
means good availability of water for irrigation (Table 5). The average value for the irrigated

area for the selected dams was 4913 hm?, and around 200 of the selected 265 dams had
irrigated areas of less than 10,000 hm? (Figure 15).

Table 5 Comparison in dams irrigated areas criterion preference of the selected 265 dams

with their other criteria statistical indicators

. . 4 Normal .
Irrigated Value / Dam base Years in Reservoir Near substation
9 . i y 4 | Water Level .
Area (hm?®) Preferences height (m) operation | capacity (hm®) ) distance (km)
m
53 Min / Low 345 26 4.96 22 19.64
2062 Median / Mid 355 45 8.56 36.5 25.78
97015 Max / High 30.8 56 171.6 26.8 19.76

Frequency Distribution

Statistics: 200
Count: 265
Minimum: 53 150
Maximum: 97015
Sum: 1302077
Mean 4913.498113 100
Standard Deviation: 9060.758275
Nulls; 0 50
0 =

53 149422983144720596097449889387

Figure 15 Statistics for the irrigated area criterion for the selected 265 dams
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Statistics for the criterion of dams normal water level (Head): The dam which has the

maximum normal water level of the selected dams is (Aktas) has 98 m normal water level

which considered a high preference for providing water pressure for hydropower generation.

Aktas Dam has good values for its other criteria preferences. There is no clear relationship

between the dams normal water level and their other criteria, (except for the base height,
since the water level depends on the height of the dam) (Table 6). The average value of the
normal water level for the selected dams was 36 m, and most of the selected 265 dams had a
normal water level of between 10 and 60 m (Figure 16).

Table 6 Comparison in reservoir capacity criterion preference of the selected 265 dams with

their other criteria statistical indicators

Normal Water Value / Dam base | Yearsin Irrigated Reservoir Near substation
Level (m) Preferences height (m) | operation | Area (hmz) capacity (hm3) distance (km)
10 Min / Low 15 2 77 55.2 26.87
335 Median / Mid 49 5 2313 23.67 13.02
98 Max / High 105.5 1 1580 43.79 9.92

G

fnez R B Fheuenty DishRition
Statistics: )

Court 265

Minimum: 10

Maximum: 98

Sum: 9687.94

Mean: 36558264

Nulls: 0

Standard Deviation: 16.209682

85

Figure 16 Statistics for the normal water level criterion for the selected 265 dams
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Statistics for the criterion of dams purposes: High preference dams are those which are

only used for irrigation purpose. There are 201 dams only for irrigation from the 265

selected dams, and the other 64 are used for both irrigation and other purposes (Table 7).

Thus, most of the selected 265 dams are used only for irrigation purposes, and these are the

main focus of this study (Figure 17).

Table 7 Comparison in dams purposes criterion preferences of the selected 265 dams

Dam purpose Value / Preferences Number of dams
Irrigation, Flood control and Municipal Triple / Low 10
Irrigation and Flood control Dual / Mid 21
Irrigation and Municipal Dual / Mid 33
Irrigation Single / High 201
o33
D Irrigation+Municipal

B Irrigation+Flood control

O Irrigation+Flood control+Municipal

O Irrigation

Figure 17 Statistics for the dams purpose criterion of the selected 265 dams
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CHAPTER 3

USE OF MULTI-CRITERIA FUZZY LOGIC FOR DAMS SUITABILITY
SCORING

3.1. Introduction

After the technical and spatial criteria were applied, 265 irrigation dams were identified that
were suitable for hydropower development, within the maximum of 40 km distance from the
nearest substation for connection to the power grid. Although all of these dams are suitable
for hydropower development, it is important to determine which are most suitable. The
implementing agencies and beneficiaries aim to choose dams that meet the criteria to the
fullest extent (i.e. highest power production, least cost and environmental damage, and
shortest grid connection), especially in view of the variation in the preference of the criteria
for the selected dams, as shown by the results for the of the statistical indicators for the
selected dams criteria. The degree of suitability of each dam in terms of meeting all the
required criteria needs to be calculated, and the dams should then be sorted according to their
suitability score, allowing for classification within suitability ranges which allowes the
selection of the most suitable dams for the on-site tests for hydropower development or using

spatial analyst for best grid connection.

3.2. Multi-Criteria Decision Making with Fuzzy Logic

Multi-criteria fuzzy logic is one of the most important ways to evaluate options to achieve
objectives based on a set of compatible or conflicting criteria [35]. There have been many
studies evaluated options using fuzzy logic, such as evaluating the risk of hydropower run of

river type projects based on multiple environmental criteria in Turkey [36], or finding the
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best sites for developing solar energy in Vietnam [37], or using fuzzy logic tools to evaluate

low-head hydropower technologies at the outlet of wastewater treatment plants [38].

Multi-criteria fuzzy logic depends on calculating the impact of each criterion to serve the
desired objective within available options. For example, if there is a decision maker which
wants to find a job to achieve the goals of making money and fun at the same time and there
were two job options, the first job profitable but boring and the second profitable and
enjoyable. Therefore, the choice will be on the second job because it meets the criteria of
profit and pleasure. In this study research, options are dams and the objective is the ability of
these dams to achieve the highest proportion of all criteria. Fuzzy logic translates each
criterion into a continuous variable that takes a value between zero and one (0<=x<=1)
called suitability degree or membership degree, which reflux the actual values within the

maximum and minimum values of the original criterion [39].

3.2.1. Determination of Criteria

The criteria chosen to calculate the suitability of each dam are spatial criterion which is the
distance to the nearest substation and the environmental criterion which is environmental
impact assessment (EIA) requirements and technical criteria such as the capacity of the
reservoir, the normal water level, the purpose of the dam and the number of years in

operation (Figure 18).
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Figure 18 Evaluation criteria for scoring the suitability of dams

Nearest substation distance criterion: This is the distance from the body of the dam to the
nearest substation. Construction of a new transmission line is costly and may be complicated,
since it involves obtaining appropriate permits and may also require the acquisition of land
[40]. The distance to the nearest substation and the suitability degree have an inverse linear
relationship [41]; when the distance to the nearest substation decreases, the suitability degree
increases, due to the decrease in costs and increase in power efficiency. The minimum and
maximum distances between the selected dams and their nearest substations are 0.7 and 38.2

km, respectively (Figure 19).
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Figure 19 Suitability function for nearest substation distance criterion

Environmental impact assessment requirement criterion: According to the EIA
regulations in Turkey, which were enacted in the official gazette on November 25th, 2014,
any grid connection distance greater than 15 km is considered to have a negative
environmental impact, and EIA regulations must applied; if the grid connection is less than
15 km, an EIA assessment is not required. There will therefore be a threshold point at a
distance of 15 km, where any distance less than this will give a suitability degree of one (i.e.
a low environmental impact), and a distance equal to or greater than this will give a value of

zero (i.e. a negative environmental impact) [42] (Figure 20).
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Figure 20 Suitability function for EIA requirement criterion

Reservoir capacity criterion: It includes the active storage (full with water) and dead
storage (sedimentation part) capacity of reservoir [43]. Higher reservoir capacities will
provide continuous reliable discharge for hydropower generation. Where the maximum
reservoir capacity of the selected dams is 717.7 hm® (high suitability) and the minimum

reservoir capacity is 3 hm? (low suitability).

Normal water level (Head) criterion: Is the water height from the thalweg (river bed), or it
is the diffirence between the normal pool elevation (water surface level) at the top of active
storage and the minimum pool elevation at top of the dead storage (thalweg) (Figure 21).
Higher heads will decrease the construction and equipment costs of hydropower generation
[20]. In this respect, higher heads represent preferable site conditions and they have higher
scores.
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Figure 21 Reservoir storage zones (adapted from [43])

The normal water level was already calculated for all the dams from the geodatabase
ArcCatalog Filed Calculator by based on equation (1) (Figure 4). The normal water level
represent the head height if the water outlet at the bottom of the dam's active storage (Figure
21).

For reservoir capacity and the normal water level, the suitability degree was calculated by
Q50 method (above || under the median) which give each criterion a suitability degree
(membership) between 1 and 0 [41], where the upper half of the criterion data values were
gave 0.5 or more suitability degree according to the original criterion value that exceed the
median value, and the lower half of the criterion data values were gave less than 0.5
suitability degree according to the original criterion value that less than the median value
which is 18.5 hm? for the reservoir capacity and 33.5 m for the normal water level (Figures
22 and 23).
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Figure 22 Suitability function for the reservoir capacity criterion
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Figure 23 Suitability function for the normal water level (head) criterion

Dam purpose criterion: Under the scope of this study, purposes of dams cover (irrigation),
(irrigation and municipal), (irrigation and flood control) and (irrigation, flood control and
municipal). If the dam has a single purpose, it has the highest score. Because single purpose
dams have fewer constraints compared to multipurpose dams. The suitability degree was

determined as follows (Figure 24):
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- If the dam is used for irrigation purpose only (single purpose), then the suitability degree of
this criterion is 1.

- If the dam is used for irrigation and municipal or irrigation and flood control purposes (dual
purposes), then the suitability degree of this criterion is 0.66.

- If the dam is used for irrigation, municipal and flood control purposes (triple purposes),
then the suitability degree of this criterion is 0.33.

0.8
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I:Ilz .
0

1 i 3

suitability

Dam purpose

Figure 24 Suitability function for dams purpose criterion

Dam years in operation criterion: This reflects the age of the dam, and is an especially
important parameter in regard to the sedimentation status of the reservoir. It also has
an inverse linear relationship with the suitability degree, since as the age of the dam
(years in operation) increases, the number of possible future years of operation
decreases and the suitability degree decreases within the range of the selected dams
ages which is from 1 to 60 years (Figure 25).
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Figure 25 Suitability function for the years in operation criterion

3.2.2. Fuzzy Logic Methodology for Suitability Scoring

Fuzzy logic assumes that a weight is given to each criterion according to its importance. This
is done by mathematical methods or based on expert opinion [45]. It is also possible to give
the same weight to all participating criteria, if the aim is to offset the weakness of one
criterion with the strengths of the other criteria, or when all criteria are equally important
[45]. The criteria have been given equal weights in order to achieve the highest suitability
from all criteria equally; it is then easy to change these weights and obtain other results in the
future [46]. Weight control is considered a variable option that is influenced by temporal

conditions, spatial conditions, restrictions and instruction.

The suitability degree was computed for each dam based on all the criteria. The suitability
degree (score) for each dam could be aggregated in many different ways, such as a linear
method of aggregation based on multiplication of the set of weights by the degrees of

suitability memberships [45], as shown in Equation (4).

S (Di) = ZWj*Cij i=1,2,...,n j:1,2,. . (4)

Where i is the dam number, j is the criterion number, n=265 is the total selected dams, r=6 is
the total number of the criteria, W; is the weight of the criterion j, C;; is the suitability degree

of the criterion j for the dam i and S (D) is the suitability score of the dam i.
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3.3. Results of Suitability Scoring

When the suitability scores for all of the dams were obtained, they were arranged in a table,

where the lowest suitability score is 0.27 (27%), and the highest suitability score which is

Aktas Dam was obtained 0.87 (87%) suitability score, so the dams have been classified

according to theirs suitability score as follows (Figure 26):

- High suitability class: 21 dams had a suitability score of between 75% and 87%, and these

are listed and shown in Appendix A.

- Medium suitability class: 149 dams had a suitability score of between 50% and 74.99%,

and these are listed and shown in Appendix B.

- Low suitability class: 95 dams had a suitability score of between 27% and 49.99%, and

these are listed shown in Appendix C.

Most Suitable 265 Dams Suitability Score And Their 183 Nearest Substation

Near_substations
Selected Dams 0 250 500 1,000 Kilometers
Dams Suitability Score ‘ ' ' ' ' ‘ ‘ ' ‘

L 027-049Low_95Dams)
L 0.50-074(Med_149Dams)
L 0.75-087(High_21Dams)

|:| Provinces

Figure 26 Distribution of the 265 dams with their suitability class and their 183 nearest

substations
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As explained before, all the selected dams are suitable to develop a hydropower because
these dams have been selected according to criteria that ensure reaching the suitable
hydropower generation condition, although the low level class has a low suitability score, it's
can be used to develop a hydropower, where some dams in this class reach a 454 hm?
reservoir capacity or 55.1 m normal water level or 79015 hm? irrigated area or 14.5 km near

substation distance, which consider a suitable condition for hydropower development.

The medium suitability class is good for hydropower development, it's has not a very much
low level of its criteria values, also some dams in this class reach a 717 hm? reservoir
capacity or 84 m water level or 73690 hm? irrigated area or 0.7 km nearest substation
distance, so it’s has good dams to select from them for installing a hydropower plant.

The most suitable dams for hydropower development are those in the high suitability class
they have a (10.9-220.5 hm?) reservoir capacity, (36-98 m) water level, (1580-31918 hm?)
irrigated area and a (2.1-14 km) nearest substation distance. All the dams in this level are

good and benefit able for hydropower generation with suitable grid connection distance.
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CHAPTER 4

METHODOLOGY FOR FINDING BEST GRID CONNECTION PATH
USING GIS MULTI-CRITERIA SPATIAL ANALYST TOOLS

4.1. Introduction

It is possible now to select any dam from the suitability scoring table of best 265 irrigation
dams for hydropower development to find the best grid connection path to its nearest power
transmission substation using the multi-criteria GIS spatial analyst tools or to make the
manual technical tests at the dam location. For integrated solution, first the technical and
spatial criteria that ensure finding the most suitable irrigation dams and power substations for
generating and transmission electric power have been selected, then the dams were sorted
according to their suitability of meeting all the criteria. In this section how to find the best
grid connection path for power lines between the selected dams and theirs nearest power
transmission substations were discussed, again according to multi-criteria which ensure the
shortest path with least cost, least environment impact, avoids obstacles and in a suitable
land use. The dams and substations have been selected before based on the criterion of 40
km nearest substation distance as maximum, so the distance of the derived best grid
connection path between any dam and its nearest substation will be in the range of (0.7-38.2
km), which ensured the compatibility between the generated power and grid connection

distance.

4.2. Multi-Criteria Spatial Analyst

GIS has good capabilities to deal with spatial problems, it can therefore be used to support

spatial decision-making. Solving problem of spatial multiple complex criteria without GIS
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analysis and its spatial perception tools would be arithmetically difficult, if not impossible
[47]. GIS multi-criteria spatial analyst is the most modern effective way to evaluate spatial
options to achieve objectives within a set of compatible or conflicting spatial criteria [48]. It
can be noted here that there were researches that have been able to evaluate spatial options
using multi-criteria GIS spatial analyst, such as a GIS-assisted optimal Baghdad metro route
selection based on multi-criteria decision making [49], or multi-criteria spatial analysis of

land accessibility for seismic operations [50].

Multi-criteria GIS spatial analysis depends on calculating the impact of each spatial criterion
in order to reach the desired objectives based on the available spatial options. In this study,
the options are the potential routes for power line in the area between a dam and its nearest
substation, and the objective is to find the best path in order to maximize the acceptance
based on all the spatial criteria. Prior studies have used multi-criteria GIS spatial analysis to
evaluate the paths of existing power lines in Turkey [8], and to optimize the routing of power
lines in Spain [9].

The criteria which were chosen to find the best grid connection path are the measurable
continues phenomenon spatial criteria's including (shortest distance, suitable elevation, least
slope, near to roads, near to existing power lines) which related to the cost of establish and
maintenance of new power lines, and the attributed spatial criteria's which are land cover
criteria including (avoids or exclude some public and private property, avoid natural
reserves, avoid large water surfaces, land use preferences) which related to the lands

deduction costs, EIA requirement, and natural and artificial obstacles.

4.3. Methodology for Finding Best Grid Connection Path

To find the path with the least cost (the best path) [51], GIS multi-criteria spatial analysis
starts by translating each spatial criterion from the extent of the study area (in this case, a
rectangular area including the dam and the nearest substation) into a visible raster layer,
where each cell in this layer represents a variable with a spatial value proportional to its
criterion compatibility degree [48], [52]. This raster layer is then reclassified using a
common scale for all the other criteria layers [53]. This reflects their actual spatial values
and provided the ability to combine with the other criteria layers and enable weights to be
given for each criterion by the decision maker or mathematical methods [54]. This will

produce a new visual layer called the suitability layer or cost layer [55]. The value at any
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location (one raster cell) in this layer represents the cumulative cost or the suitability degree

of that location, based on all the spatial criteria (Figure 27).

Cost surface

Figure 27 Reclassification of the criteria and cost raster layers

4.3.1. Evaluation of Shortest Distance Criterion

The GIS spatial analyzer is always seeks to approximate the best path to the Euclidean direct
distance, this is basis on the fact of costs are always related to distance. But the spatial nature
of some regulations related with directing power lines leads to a compromise between a
straight line (Euclidean distance) from one point to another and the deviation of the path
(least cost path) to avoid costly terrain, obstacles or other regulations criteria. In a study [56],
the power line path was determined using Euclidean distance and spatial distance between
the starting and the destination points, multiple layers were examined using the weighted
criteria method to reach the optimal path selection, the path was compared with the
Euclidean distance and showed that the spatial distance was better than the Euclidean

distance method.

In this study case, when the grid connection distance decreases, the distance criterion
suitability degree increases by decreasing the costs of establishing new power lines and
increasing the efficiency of power transmission within the maximum and minimum grid
connection distances range which are between (0.7-38.2 km) between the selected dams and

their nearest substations, also the negative environmental impact decreases.
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4.3.2. Evaluation of Elevation and Slope Criteria

For the criteria of suitable elevation and the least slope, Turkey consider as a varied terrain
country, with plains, undulating areas and steep mountainous areas, elevations ranging from
zero meters in coastal areas to 5200 meters elevations in mountain peaks (Figure 28). The
slope directly affects the suitability and cost of installation and maintenance of the power
transmission lines. Naturally, the power lines in the flat terrain are less expensive and more

suitable.

35°

Figure 28 Elevation map of Turkey

In a study [8], there are different decision makers who have different professional
backgrounds on the power transmission line, one of them is an expert engineer in power
lines design, where gave attention to the importance of terrain in the design of power
transmission lines. For power towers, there are some technical regulations on the degree of
slope because it is difficult to build transmission line towers on a high sloping surface.
According to regulation of the power transmission line of the Turkish Electricity Company
TEIAS (2004), the degree of slope, which is more than 30%, is unsuitable for design. Also
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areas with a slope greater than 40 % are prone to landslides, where landslides is a problem
for power transmission towers because power tower locations must have a stable base

because the landslides of the towers causes huge losses on the line.

There are also terrain-based costs including accessibility, where it requires additional costs
for the transportation, installation and maintenance of equipment to cross rough terrain. Non-
flat terrain also requires higher towers and more tower units. high elevation increases the
likelihood of ice where it requires more expensive towers to support the mechanical stress
and additional costs of electrical protection equipment, such as lightning arresters, because
the increases of lightning probability. Also, the threat of wind speed on the towers is partly
linked to the elevation [9].

Thus, the criterion of terrain slope is very important. In GIS, the quality of the results
depends on the accuracy of the data; remote sensing techniques have played an important
role in giving easy access to high-resolution data. In this study, to fit the extent of the area
between any dam and its nearest substation, satellite imagery with spatial references was
downloaded using the SASPIanet application and Google Earth Pro. The latter is the world's
most famous satellite imagery viewer, and offers instant access to a tremendous amount of
high-resolution satellite imagery. Most of this high-resolution database is filled with
QuickBird images provided by DigitalGlobe. This application also enables users not only to
preview satellite images, but also to obtain brief information about the scene, such as the
date of acquisition, an elevation histogram, the cloud cover, nadir angle and target azimuth.
Satellite imagery was used as a basis for determining the work extent and cell size for all
other layers of criteria used to generate the best grid connection path, where GIS is usually
use a base map or a base layer for serialized spatial analyses [57]. The elevation data for the
coordinates of the work extent for each selected dam area were downloaded in Excel format,
using the cells coordinates of the satellite imagery base map and the software TCX

Convertor (Garmin's Training Center for Data).

In ArcCatalog for each selected dam to find the best path, a new subgeodatabase was created
and it was gave the same name of the dam. In this subgeodatabase, the elevation data table of
the area between the dam and its nearest substation and the satellite imagery of this extent
area were imported, the feature classes of selected dam and its nearest substation were also

imported from the original geodatabase of all dams and substations, all those subgeodatabase
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components have been projected on the polygons of turkey map feature class using WGS

1984 Lambert Conformal Conic coordinate system.

From the new subgeodatabase of the selected dam, the Excel spreadsheet of elevation data
was imported into ArcMap to create the elevation raster layer using the inverse distance
weighted (IDW) interpolation tool in spatial analyst tools box, where IDW interpolation
calculates a value for each cell in the output raster layer from the values of the data points,
with closer points given more influence and distant points less influence [58], IDW can be
used to estimate elevation, precipitation, temperature, chemical dispersion, or other spatial
persistence phenomena. So users can create surfaces from sample sites without having to

visit each site in the study area, saving time and effort [59].

Then by using the Slope tool in the surface spatial analyst tools box the slope raster layer was
created, where each cell in this layer represents the slope of its position. By using the surface
spatial analyst in ArcGIS users can create many surface layers like hill shade, slope, contour,
and aspect [59]. Then by reclassified the slope layer in a common scale from 1 to 9 with the
other reclassified criteria's by giving the low values to the low slope cells (low cost), the

slope suitability degree of that position to create a power line was represented.

4.3.3. Evaluation of Near to Roads and Current Power Lines Criteria

For the criteria of near to roads and near to existing power lines, Turkey covered by a wide
roads network (Figure 29), and also large power grid connections (Figure 30), reach 68203
km of power transmission lines (as reported by TEIAS in 2019). Distance to roads and
existing power lines directly affects the suitability and cost of installation and maintenance

of the power transmission lines.

In a study [8], there are different decision makers who have different professional
backgrounds in power transmission line, one of them is an expert technician in power lines
works in the maintenance service, where attaches importance to the criterion of access to the
new power transmission lines, according to his preferences near to current power lines

makes the new power lines maintenance easier.
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Figure 29 Detailed map of roads in Turkey

Figure 30 Map of power transmission lines in Turkey

The accessibility requires additional costs for the transportation, installation and maintenance
of equipment to cross areas far from roads. Accessibility costs analysis is important in urban
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planning and land use management [60]. There are also land use based costs related with
near to existing power lines, where it requires additional costs for the confiscation or rent
lands for new power lines, while the passage of the new line along with the current lines

does not require these additional costs.

In view of this, it's important to calculate the distance from roads and the distance from
existing power lines. Note that any type of roads (highways, main roads or sub-roads) meets
the criterion of accessibility, as well as power lines where if the new power line passes near
any type of existing over-head power transmission lines will meets the criterion of
accessibility and there is no need for new land expropriation. To help recognize the linear
features of roads and power transmission lines from satellite images and to minimize the
possibility of human error, a table containing patterns has been organized to be used to
recognize the linear features of roads and power lines that can be seen in any of grid
connection extent area between a dam and substation (Table 8). In GIS, Calculating the
accrued cost of travel (distance analysis) provides the user additional data to make decisions.
ArcGIS Spatial Analyst provides many distance mapping tools to measure both linear and
Euclidean distance in terms of spatial parameters such as distance from the current

infrastructure of all types of linear parameters (networks) such as roads [59].

Table 8 Recognition of linear features

Linear Feature

Type Description

Subroads  |Zigzagging, narrow, single-track lines.

Main roads Single, dual-track lines.

Highways Double, wide, triple-track and direct

lines.
Power Towers, shadow of towers, removal o
transmission lines trees or buildings along lines.
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In the extent of the area between any selected dam and its nearest substation, by using the
spatial reference satellite imagery in the selected dam subgeodatabase and by comparison
with the available features classes data for roads and power lines or available topography
maps and Google Maps, the roads and existing power lines were digitized and have been
saved as a line feature classes in the subgeodatabase of selected dam. The ability to integrate
data from different resources is one of the most important functions of GIS, where GIS
usually use a base map or a base layer for creating new other criteria's layers or to do
serialize spatial analyzes like satellite imagery or digital elevation model [57].

In ArcMap by using one of the spatial analyst tools which is Euclidean distance [51], the
raster layer of the distance from the new feature classes of roads and existing power lines
was created which were saved before in the subgeodatabase for the selected dam, where the
value of each cell in this layers represents the distance of its position from the roads or
existing power lines. By reclassified distance from roads and distance from existing power
lines layers in a common scale with reclassified slope by giving the low values to the low
cost cells (less distances),Where the zero value will be along the roads or power lines and the
values (distances) will be increased as moving away from the road or power lines. By doing
this, the suitability degree of that position to create a power line according to criteria of near

to roads and existing power lines has been represented.

It is possible to combine the criteria of the near to roads and current power lines in one layer
while digitizing the feature classes of these two criteria as both are linear features, where
when there are many attributes within the criterion, the uniform reclassified criterion
becomes smoother because the lower attributes within the criterion give a more surprising
measure and a more biased value for each attribute [57]. However, in this study this was not

done, to allow these criteria to be controlled separately.

4.3.4. Evaluation of Land Use Criterion

Turkey has variety forms of natural land cover as well as all types of land uses, which are
constantly changing as a result of growth and climate change factors, [1] (Figure 31). All

specialists agree on the importance and impact of the nature of land cover and the type of

land use in the process of directing power lines.
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Figure 31 Map of land cover in Turkey (produced by the European Environment Agency)

In a study [8], there are different decision makers who have different professional
backgrounds on the power transmission lines. One of them is an expert engineer in power
lines design, where gave attention to the importance of land use. The other is an
environmental engineer working on the environmental impact assessment of power
transmission lines, who pays attention to minimizing the environmental impact of the new
power lines during construction and operation periods, therefore land use, protected areas,
water resources and urban layers have a greater important than other layers on his
perspective, where the main aim of the environmental engineer is to pass the power line from
the open areas, barren land, far from the habitat and settlement.
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Therefore it is necessary to evaluate land cover and land use according to their suitability for
directing power transmission lines before starting any new power line project, where the

following considerations must take in account:

Costs of preparing the potential land: Which includes the confiscation or rent of lands to
erect power towers, as well as the costs of removing trees and constructing support towers at
the slopes and the crossing of linear obstacles like rivers, roads or other power lines, for

example there are some restrictions on crossing rivers with wide more than 500 meter [8].

Environmental impact requirement: Where power transmission lines can have a
significant impact on human body. Although the electromagnetic field effects of power lines
are still not well defined in the long term, there are many studies on the negative effects on
protein synthesis, Deoxyribonucleic Acid (DNA) synthesis, enzyme activity, neuronal and
muscle cells, dysfunction and heart possible neurological effects [61], so directing of power
lines in densely populated areas represents a real problem. The passage of power lines in
forest areas requires 100% deforestation of tree around power towers and under power lines
for the rights-of-way [62], which could lead to depletion of tree-based wildlife. Also in
agricultural land, power lines could harm the agricultural products and can hamper the work

of agricultural machinery [8].

Threats to power lines: There are many types of areas which pose a risk to the continued
operation of power lines. Landslides areas can cause major problems for power lines as well
as flood-prone areas that could cause problems and impede accessibility during construction
or maintenance. Growing trees in the vicinity of power lines could cause an additional threat,

so forest areas contain a potential hazard.

Obstacles: In addition for what has been mentioned above, there are some areas that are
taboo for constructing power lines such as nature reserves, public places of entertainment,
private property, military zones, airports, urban areas, archaeological sites, cemeteries, as
well as natural obstacles including coastal areas, bays, lakes, wetlands and salt lakes. where
the spatial nature of land cover associated with directing power lines cause to a compromise
between a straight line from one point to another and a deviation of the path to avoid

obstacles.
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For the selected dams to find the best grid connection path, the areas of land cover were
evaluated according to the above considerations. The high suitability classes have been given
to land cover that has low cost, low environmental impact and low threats to power lines.
Also some potential lands obstacles were excluded from the analysis and have been given

"no data" value.

One of the most difficult and time-consuming parts of data acquisition is the digitization of
the land use layer, and data availability is a vital component for any type of spatial analysis.
Remote sensing can provide these data, and GIS can play a role when analyzing the obtained
data. Since ArcGIS is flexible and can accept different data sets and identify different types
of land use, the polygons of the land use layer were digitized by manual and digital
classification, preceded by visual interpretation of satellite images which had previously
been used as a base map for the extent of the study area to produce criteria maps. Additional
data from Google Earth were also compared for cultural heritage sites, archaeological sites,
nature reserves, and others. An online geo-information application created by the Heidelberg
Institute for Technology (https://osmlanduse.org) also provided access to global land use
maps [63]. The digitized land use polygons were then saved as a hew polygon feature class
in the subgeodatabase for each dam, for use in finding the best grid connection to its nearest

substation.

In order to facilitate the process of distinguishing land use types, to reduce the risk of poor
classification due to human error, and to regulate the reclassification of land use using a
common scale with the other criteria, a table of typical land use patterns in Turkey was used
as a comparison for the visual classification process. Each record in the table contains
several images representing the types of standard land use that can be observed in any
selected area, together with the value field of the suitability degree for this land use type on a
scale from 1 to 9, as used for the other criteria (Table 9).

47



Table 9 Recognition of land use classes

Rec‘l,ﬁf:ged Land use Type| Description Pattern 1 Pattern 2 Pattern 3
Free of features
1 deserts or large
(very good) Barren unlnhab%ted and
uncultivated
areas.
Arable multi-
3 green mosaics
(200d) Agriculture | areas, pastures,
semi natural
vegetation.
5 Forest Wide dark green
(acceptable) trees areas.
7 A few isolated
(poor) Rural settlement| buildings and
settlements.

Organized green

9 . areas with toys
(very poor) Public Pags fields and small
lakes.
Flat rectangle
-1 no data g areas with single
(obstacles) P or multi airplanes
runway.
IWide dense group|
-1 no data Urban of dlgfifz?;:lzes
(obstacles) settlement q
represents
building types.
Large irregular
-1 no data blue or green
(obstacles) Lakes areas also rivers
wider than 500
meters.
Large irregular
-1 no data Salt Lakes white or light
(obstacles)
blue areas.
Large irregular
-1 no data .
(ObStacls) Wetlands green and light
green areas.
Rectangle
-1 no data training fields,
(obstacles) Military fields |aircrafts or tanks

barracks military
air bases.
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Table 9 (continued)

Surrounded with

-1 no data Natural green irregular
(obstacles) Reserves  |polygon border in
Google Earth.

Large area of
-1 nodata | Archeological |castles, walls and
(obstacles) Areas archeological
sites.

The extension of

-1 no data Gulfs the sea into the
(obstacles) land in the shape
of large grooves.
The boundary
-1 no data between sea and
Beaches

(obstacles) land is either
sandy or rocky.

Large areas of

-1 no data Cemete regular sectors | |
(obstacles) vy interspersed with
some trees.

In order to reclassify the land use into categories using a common scale with the rest of the
criteria, and to identify obstacles with a value of "no data" that are prohibited areas for the
other criteria, the polygon feature class of land use was converted from a vector data layer to
a raster data layer, with the extent and sizes of the cells the same as in the elevation layer and
satellite image layer. The raster data model allows the extent and the cover of analysis to be
set and enables us to avoid the more common topological errors within vector layers [57].

The Feature to Raster tool from the spatial analysis toolbox of ArcMap was used.

Based on the considerations discussed above, the land use classes values were reclassified to
be comparable with the reclassified of other criteria's layers as follow, where the higher

value indicates that it is costly to create a power lines path on that particular land use:

- Obstacles which are Lakes, salt lakes, wetlands, urban settlements, natural reserves,
archeological areas, cemeteries, airports and military bases are given a value of -1,
indicating "no data” to exclude them from evaluation for all the criteria, any of these land
uses are considered obstacles if their area diameter exceed 500 meters, which is the standard

maximum distance between power towers.
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- Public parks are given 9 (very poor), rural settlements are given 7 (poor), forests are given
5 (acceptable), agriculture lands are given 3 (good), and barren lands are given 1 (very good)
which is the favorite lands to establish power lines. It is also possible to add a new land class
to the reclassification in any time or reordered the importance of the land use classes

according to different perspectives.

According to above reclassification and the European Environment Agency Report 2017 of
Turkey land cover for 2012 year [1], 70% of land use in turkey are between (very good, good
and acceptable) for power lines routing, and 5% considered as obstacles and excluded from
power lines routing (Figure 31 and 32).

M Artificial areas 2%
very good 15%

O Arable land & permanent crops 26%

@ Pastures & mosaics 17%
good 12% ® Forested 25%

O landSemi-natural vegetation 12%
[ Open spaces; bare soils 15%

B Wetlands 1%
acceptable 25% 17% good

O Water bodies 2%

Figure 32 Statistics for land cover in Turkey and suitability for power lines routing

4.3.5. Combining the Reclassified Raster Layers of the criteria (Creating a Cost

Layer)

After getting the reclassified raster layers in a common scale for all criteria layers and by
using the Map Algebra-Raster Calculator spatial analyst tool in ArcMap tool box, all the
reclassified raster layers were combined together with the possibility of giving weights for
each criterion by asking the decision makers or using mathematical methods to determine
weights, the cost layer was produced, where any place (one cell) on this raster layer
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represent's the cumulative cost value of power line routing on that place or the suitability

degree of that place according to all the spatial criteria (Figure 33).

= 1 Suﬂ_:b]iliry
. Reclassified Distance Lt
= E: to Roads e Lowcost
- m)
M W: B T peclassified Distance —',
m: N a8 to Existing Power Lines -
— N el A ¢ Medium Cost
[0« ¢ ¢ =7 Reclassified Land Use .
- -
N A [ n 7z !J'
—M L Reclassified Slop B igh Cost
I -lQ
e

Cost Raster Layer

Figure 33 Creation of the cost layer

4.3.6. Creating the Layers of Least Cost Distance and Least Cost Direction

The least cost path algorithm uses the cost layer generated in the previous step with the path
starting point layer (dam position), which is a temporary single-cell raster layer (created
from the dam point feature class in the dam subgeodatabase) with the same extent as the cost
layer, i.e. the rectangular area between the dam and the nearest substation. In this way, we
produced two new visible layers: the least cost distance layer (cost distance raster) and the
least cost direction layer (back link raster). These new raster layers were obtained using the

Cost Distance and Cost Back Link spatial analysis tools in ArcMap (Figure 34).
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Cost Raster Layer Source Raster Layer (Dam) Cost Distance Raster Layer Backlink Raster Layer

Figure 34 Generation of cost distance layer and back link layer

Each cell in the least cost distance layer in Figure 34 represents the lowest cumulative cost of
traveling from that cell to the source point cell (dam position), while each cell in the back
link layer represents the direction code for the lowest cost of movement to one of the eight

neighbor cells back to the source point cell (dam position).

4.3.7. Creating the Least Cost Path Raster Layer (Best Path)

The destination layer was created by determining the destination point (the nearest
substation). This is also a temporary one-cell raster layer (created from the substation point
feature class in the dam subgeodatabase) which has the same extent as the cost layer, i.e. a
rectangular area between the dam and its nearest substation. The GIS analyzer uses the least
cost distance layer, the back link layer and the destination layer to calculate the least cost
path raster layer (best path). This is a visible layer representing the path with the lowest
possible cost from the dam to its nearest substation, based on all criteria and weights, or the
most suitable path between the dam and its nearest substation i.e. with the highest suitability
degree based on all the criteria. In this study, we aim to identify the best grid connection path
with the shortest distance, lowest cost, most suitable land use and lowest environment
impact. The least cost path raster layer (best path) was obtained using the Cost Path distance

tool from the spatial analysis tool box in ArcMap (Figure 35).
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=
Cost Distance Raster Layer Backlink Raster Layer Destination Raster Layer
Substation

Figure 35 Derivation of the shortest least cost path

The output least cost path layer (best path) represents the shortest least costly path from the
dam site to its nearest substation (Figure 36). The path avoids steep slopes and certain types
of lands that are considered costlier for constructing the power line; the path also seeks to be
near to roads and existing power lines and in a preferable land use.

Suitability
1
— . Low cost

.
.
B ¢ Medium Cost
-
.’

B igh Cost
|

Best Path over Cost Surface

Figure 36 Shortest least cost path over the cost (suitability) layer
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4.3.8. Converting Best Path Raster to Vector Feature Class

As an additional step, the raster path was converted to polyline (vector feature class) to
enable control over the design of the route and placement of the pylons, also to visualize the
path measurements and to create a database table for the path and apply the topology rules of
power network design. This was done using the using the Raster to Polyline conversion tools
in ArcMap [51] (Figure 37).

» Cost Path Vector
(PolyLine)

Cost Path Raster

Cost Path Projected on 3D Surface Substation

Figure 37 Converting the least cost path to a vector and visualizing it in 3D format

4.3.9. Projecting the Best Path Line Vector onto a 3D Surface

As a last step in the best path model by using ArcScene Base Height 3D analyst tools, the
best path line vector was projected on the 3D surface of satellite imagery for the area of the
path where the elevation raster layer was used as a base height to create the 3D surface for

the satellite imagery in order to allow the realization of the path and the possibility of
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modification as well as determination of towers places by giving a realistic perception of the

path on the real surface of the terrain and land cover (Figure 38).

Substation '

Figure 38 Virtual view of the best path, dropped onto a 3D satellite imagery scene

4.4. Multi-Criteria Spatial Analyst Modeling Using Model Builder

Using the Model Builder tool, ArcMap allows spatial analysis to be carried out by drawing
flowcharts for the inputs and processes, exporting them in a graphical format or via a Python
script. In this way, the spatial analysis processes used to find the best path can be
summarized by drawing a flowchart and linking the input data to the spatial analysis tools in
the chart. This capability is useful to speed up and facilitate the procedures involved in

calculating the best path for any of the selected dams (Figure 39).
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Figure 39 Flowchart for processes of finding the cost path using the Model Builder tool
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CHAPTER 5

CASE STUDIES

In general, the potential hydropower from the development of irrigation dams may not be
very large. However, if appropriate criteria are available, the irrigation dams are considered
the best for the development of hydropower and preferred on municipal or flood control

dams for the following reasons:

- There may not be a good flow of water throughout the year, but in the flow seasons they
often have a good flow and continue of water because they are established for the purpose of
irrigating large areas near rivers which provide good water supplies that encourage
agriculture [18][64].

- The simple design of irrigation dams allows modifications to install various power turbines.
Unlike other types of dams, the body of the irrigation dams is free from hydraulic machines
and gates, where it depends on the spillway corridor to discharge the flooded water as shown
in Figure 5. Irrigation is done by channels from the dam's lake or pumps located on the dam's
lake and not on the dam's body [65]. For example, a siphon intake turbine can be installed,
which is an elegant solution, it does not need to pierce the dam body, the design of irrigation
dams crests near the water surface makes it easy to install, with generating efficiency of
about 95%, there are examples with installed power up to 11 MW and heads up to 30.5
meters, it can be located either on top of the dam or on the downstream side (Figure 6).
Another choice if the dam already has a bottom outlet; it will be a possible solution for

install power turbine (Figure 7) [18].
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- For hydropower development, the irrigation dams considered the best in light of connecting
the generated power to the grid from other types of dams, as it does not contain operational
installations at the body of the dam that consume the generated power, while the generated
power from municipal dams is often exploited to run a water filtration plant [3], or to operate

the gates and the observation station in case of flood control dams.

Based on multiple criteria related to spatial, technical, risk and environmental factors, the
best irrigation dams for hydropower generation have been selected in terms of the best grid
connection of the generated power. Most previous studies have separately examined factors
such as the best sites for hydropower development, criteria for hydropower generation,
lowest risk or environmental impact, grid connection, existing sites and power lines.
However, some of these projects have not been able to be implemented, since advantages in
one aspect are offset by drawbacks in others; some hydroelectric projects have suffered from
inefficient power production due to the cost of grid connection [10].

From the 265 dam’s suitability scoring table, 2 dams were selected from the medium and
high suitability classes as a case study to evaluate the criteria of the dam and its nearest
substation and the potential power also finding the best grid connection path to the nearest

substation to translating the potential generated hydropower from it to the electricity grid.

5.1. Karadere Dam

Karadere is an irrigation dam located between Kastamonu and Taskoprii District (Figure 40).
It was built on clay core sand land fill type, and is situated on the Karadere river. The length
of the dam body is 309 m, and the height from the foundation is 90 m, with a reservoir
capacity of 26.08 hm3. The area irrigated by the dam is 6852 hm?, and the full spillway is
1220 m¥/s. Construction of the dam began on October 20", 1993, and it was completed on
May 31%, 2007 (Figure 41). According to the DSI, the reservoir was filled at a level of 89.2%
in 2018 and 100% in 2019 (Table 10).
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Figure 40 Top view of Karadere Dam and its lake, in Kastamonu Province

Figure 41 Karadere Dam, body and spillway
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Table 10 2018 and 2019 Reservoir status of several dams in Turkey (data from DSI)

MAKSIMUM 27.05.2018 27.05.2019 \AKTIF DOLULUK BARAJ
REZERVUAR |KOT KOT  |HACIMKOT  |[HACIM 2018 2019 DOLULUK
ADI

{m) (hm°) {(m) (hm®) |(m) (hm?) % % k&
KARACOMAK 188950  [226 888,52 [21,14 889,66 [22,85 92,9 1000 [101,1
GERMEGTEPE 343,00 |72 843,17 [729 43,20 [730 [1000[1000  [1013
KARADERE 805,00 26,1 802,92 (24,08 [BO5,06 26,14 (89,2 [100,0 100,2
BEZIRGAN 1011,50  |16,2 1011,04 15,84 [1011,7216,39 [97,5 |100,0 101,1
ASAR 93500 W4.,6 934,18 425 93485 450 (918 985 98,8
KULAKSIZLAR (111000 [18,7 1108,64 17,04 [1109,71 18,36 (88,8 [97.6 98,1
BEYLER 111540 (26,0 111444 23,76 [1115,1125,28 90,7 [97.0 97,2
KOZLU 178,85 25,6 175,26 [21,63 [175,02 (21,38 [83.9 [82,9 83,6
KIZILCAPINAR [109,00 36,3 108,93 36,11 (109,08 [3641 [996 |100,0 1004
BOLGE
SENEL 183,2 171,2 1786 924 97,1 97,5

5.1.1. Karadere Dam's Technical Criteria

Based on the technical criteria, Karadere dam is suitable for hydropower generation and has

the following specifications:

- 11 years in operation, which less than the years in operation criterion in (80-11 = 69 years),

69 more possible years in operation.

- The purpose of the dam is only irrigation.

- The height from the foundation (base height) is 90 meter, which is more than the criterion
of dam height in (90-15 = 75 m).

- The reservoir capacity is 26.08 hm?, which is more than the criterion of reservoir capacity
in (26.08-3 = 23.08 hm3).

The potential power can be calculated from equation (2) previously referred to, this equation

needs dam height and a discharge flow rate to calculate the potential installed capacity. Flow

rate can be estimated by reservoir size, dam height and river type [66] (Table 11).
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In general, the rivers of irrigation dams have a good flow [18]. The

(https://power-calculation.com/hydroelectricity-energy-calculator) ~ site  [14];  allows

calculation of potential power parameters by inserting the needed equation values in
equation (2) which represent the dam hydro resources values (Figure 42).

Table 11 Stream flow in m®/s for calculation of hydropower (as given by power-

calculation.com)
Water stream Water flow in m3/s
Tap water (pressure 2-3 bar) 0.0002
Fire hose 0.008
Very small river < 2 mdiis
Small River >2m3ls
Big River 100 m3fs
Very big river =500 m3fs
HYDRO RESSOURCES LOSSES AND REAL ELECTRICAL POWER ENERGY PRODUCTION AND FINANCIAL GAIN
Flow rate 4 4000 Efficiency of turbine N f
Average annual energy in output of hydro generator
Diameter of pipe | cm Pressure drop factor o
01 m m 1 Bar
eleration of gravity 3 mis? Glabal Efficiency
Waterfall height, head 4 m Real apparent power available (in KVA) 1984 Kva  Costof energy

Total s inourk o
e 2 (i “

Figure 42 Hydropower calculator at power-calculation.com: data for Karadere Dam
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Using Equation (1) above, we can calculate the waterfall height (normal water level, NWL)
in m, which represents the head height of the water outlet at the bottom of the active storage
of the dam. This value was calculated for all the dams in the geodatabase using the Filed

Calculator in ArcCatalog. For the Karadere dam (Figure 4),

NWL = [dam Height — [crest elevation at sea level — normal water elevation at the sea level]]
NWL (head) = [70 — [811- 805]] = 64 meter

Using the Hydropower Calculator by power-calculation.com for Karadere dam values, the

following parameters were got:

- Real active power available (in kW): 1587 kW.

With 150 days average number of working days per year:

- Average annual energy in the output of hydro generator: 5713.2 MWh/year.

- Annual electricity bill: €457056/year.

5.1.2. Nearest Substation to Karadere Dam

The nearest substation to this dam is Taskoprii, at a distance of 12.07 km. The substation is

in operation and belongs to TEIAS Institute. It is a power transmission step-up substation
with a capacity of 154 kV (Figure 43).
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Figure 43 Top view of Taskoprii Substation

5.1.3. Suitability Score of Karadere Dam

For Karadere dam to determine the degree of meeting the criteria which are nearest
substation distance, environmental impact requirement and technical criteria, also its rank of
suitability score relative to the rest of all selected dams, multi-criteria fuzzy logic was used.
Multi-criteria fuzzy logic depends on calculating the impact of each criterion to serve the
desired objective within the available options. Fuzzy logic translates each criterion into a
continuous variable that takes a value between zero and one (0<=x<=1) called suitability
degree or membership degree, which reflux the actual values within the maximum and
minimum values of the original criterion [39]. The criteria that have been chosen to calculate
the suitability of each dam are the spatial criteria including (near substation distance, EIA
requirement) and the technical criteria (reservoir capacity, natural water level, dam purpose
and years in operation).

Previously by using equation (4), the suitability score for all the criteria of selected dams

were calculated. The dams were arranged according to their suitability score in Excel table,
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then the suitability score field was exported from this table to the selected dams table in the
geodatabase. However, the calculation of suitability score for Karadere dam was as

following:

S (Dy) =X W;*Cy i=1,2,...,n j=1,2,...r

Where i is the dam number, j is the criterion number, n=265 is the total selected dams, r=6 is
the total number of the criteria, W; is the weight of the criterion j, Cy; is the suitability degree

of the criterion j for the dam i and S (D;) is the suitability score of the dam i.

C;; for Karadere dam are:

Suitability degree for reservoir capacity:

Selected 265 dams reservoir capacity median = 18.5 hm®

Minimum Selected 265 dams reservoir capacity = 3 hm?

Maximum Selected 265 dams reservoir capacity = 717.7 hm?

Karadere dam reservoir capacity = 23.08 hm®

Since reservoir capacity = 23.08 hm? is greater than the median = 18.5 hm®then..

Karadere reservoir capacity suitability degree = [(23.08-18.5)/(717.7-18.5)]*(1- 0.5) + 0.5
Karadere reservoir capacity suitability degree = 0.505453506 (Figure 44).

0.8
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Figure 44 Suitability function for reservoir capacity, Karadere Dam
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Suitability degree for normal water level (head):

Selected 265 dams normal water level median = 33.5m

Minimum Selected 265 dams normal water level =9 m

Maximum Selected 265 dams normal water level = 98 m

Karadere dam normal water level = 64 m

Since normal water level = 64 is greater than the median = 33.5 then..

Karadere normal water level suitability degree = [(64-33.5)/(98-33.5)]*(1-0.5) + 0.5
Karadere normal water level suitability degree = 0.736434109 (Figure 45).
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Figure 45 Suitability function for normal water level, Karadere Dam
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Suitability degree for purpose:

Purpose = Irrigation = 1
Since Karadere is a single purpose dam then..

Karadere purpose suitability degree = 1 (Figure 46).

Suitability

0
1 2 3

Dam Purpose

Figure 46 Suitability function for dam purpose, Karadere Dam

Suitability degree for dam years in operation:

Minimum Selected 265 years in operation = 1 year

Maximum Selected 265 dams years in operation = 60 years

Karadere dam years in operation = 11 years

Karadere years in operation suitability degree = 1 (11/60)

Karadere years in operation suitability degree = 0.819672131 (Figure 47).
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Figure 47 Suitability function for years in operation, Karedere Dam

Suitability degree for distance to nearest substation:

Minimum Selected 265 dams nearest substation distance = 0.7 km

Maximum Selected 265 dams nearest substation distance = 38.2 km

Karadere dam nearest substation distance = 12.07 km

Karadere nearest substation distance suitability degree = 1- (12.07/38.2)
Karadere nearest substation distance suitability degree = 0.6904013 (Figure 48).
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Figure 48 Suitability function for nearest substation distance, Karadere Dam
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Suitability degree for EIA requirement:

Since Karadere nearest substation distance = 12.07 km lees than 15 km then..

Karadere EIA requirement suitability degree = 1 (Figure 49)

0.8
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EIARequirement

Figure 49 Suitability function for EIA requirement, Karedere Dam

Then the suitability score for Karadere dam S (D) is:

S (D) = 0505453506 (0.16) + 0.736434109 (0.16) + 1 (0.16) + 0.819672131 (0.16) +
0.690401261 (0.16) + 1 (0.16)

S (D:) = 0.788825527 = 78%
78% is the suitability score of Karadere dam according to all the criteria, which put Karadere
dam in the high suitability class, which are 21 dams had a suitability score of between 75%

and 87%, where Karadere Dam was ranked the ninth in its the suitability score from the

selected 265 dams.
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5.1.4. Best Grid Connection Path (Least Cost Path) from Karadere Dam to its

Nearest Substation

Both Karadere Dam and its nearest substation (Taskoprii) are located in Kastamonu
province. At first in ArcMap, the feature classes of Karadere Dam and Taskoprii substation
were selected from geodatabase tables, then they have been added them over the layer of
Turkey provinces map (Figure 50).

KARADERE
L TASKOPRU(E
£

KA STAMONU

Figure 50 Karadere Dam and its nearest substation (Taskoprii) on a map of Turkey

We found the straight distance between them while generating the Near Table of nearest
substation for each dam in the geodatabase, where the straight distance between Karadere

dam and Tagk&pri substation is 12.07 km (Figure 51).
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Figure 51 Straight-line distance (12.07 km) between Karadere Dam and Taskoprii
Substation

The multi-criteria GIS spatial analyst depends on calculating the impact of each spatial
criterion to serve the desired objective within the available spatial options. The criteria that
have been chosen to find the best grid connection path are the measurable continues
phenomenon spatial criteria's including (shortest distance, suitable elevation, least slope, near
to roads, near to existing power lines) which related to the cost of establish and maintenance
of new power lines, and the attributed spatial criteria's which are land cover criteria including
(avoids or exclude some public and private property, avoid natural reserves, avoid large
water surfaces, land use preferences) which related to the lands costs, EIA requirement, and

natural and artificial obstacles.

Multi-criteria GIS spatial analyst starts by translating each spatial criterion from the extent of
the study area (a rectangular area between the dam and the nearest substation) into a visible
raster layer, where each cell in this layer represents a variable that has a value compatible

with the spatial value of its criterion.
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A reference satellite image was used to calculate the extent of the area between the Karadere
Dam and Taskoprii substation in order to generate the criteria layers. The satellite imagery
and spatial references were downloaded via the SASPlanet application and Google Earth

Pro.

In the ArcCatalog, a new subgeodatabase was created and gave Karadere name. In this
subgeodatabase the satellite imagery of the area extent was imported, also the feature classes
of Karadere dam and Taskdpri substation were imported from the original geodatabase of all
the selected dams and substations, in ArcMap all those subgeodatabase components were
projected on the satellite imagery using the coordinate system of Turkey provinces feature
class polygons WGS 1984 Lambert Conformal Conic (Figure 52).

Figure 52 Extent of spatial reference satellite imagery for Karadere Dam and Taskoprii
Substation feature classes

To create the layers for the criteria of suitable elevation and least slope, using the cells
coordinates of the satellite imagery base map and the TCX Convertor application the
elevation points data were downloaded for the coordinates of the area extent of Karadere

dam and Taskdpru substation in an excel format table. In ArcMap and from the new
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subgeodatabase of Karadere dam, the elevation data excel table was imported to create the
elevation raster layer using the inverse distance weighted IDW interpolation tool in spatial

analyst tools box (Figure 53).

RE Elevation (m)
i
[ s56.1381836 - 608.4818327

[ s0a 4618328 - 660.7854818
[ es07as4a1a - 713. j0at1308
[ 713409131 7658327799
[ 7es4a2278-817.7
[ 8177584291 870,
[ a70.0800782 - 8224037272
[]x24097273 - 974.72
[Je7a7273784 - 1027

Figure 53 Elevation raster layer for the extent between Karadere Dam  and Taskdpri

Substation

Then by using the ArcMap Slope tool in the surface spatial analyst tools box the slope raster
layer was created, where each cell in this raster layer represents the slope of its position
(Figure 54). According to TEIAS, the degree of slope, which is more than 30%, is unsuitable
for design. Also areas with a slope greater than 40% are prone to landslides.
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Figure 54 Slope raster layer for the extent between Karadere Dam and TaskOpri Substation

Then by reclassified the slope layer in a common scale range from 1 to 9 with the other
reclassified criteria's, by giving the low values to the low slope cells (low cost) the slope
suitability degree of that position to create a power line will represented. The high values

represent the areas not good for power lines routing (Figure 55).

M OPRO 8_27

Figure 55 Reclassified slope raster layer for the extent between Karadere Dam and Taskopr

Substation
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For the criteria of near to roads and near to existing power lines, where near to current power

lines and roads makes the installation and maintenance of the new power lines easier.

To calculate the distance from roads and the distance from existing power lines. In the extent
of the area between Karadere dam and TaskOpru substation, the roads and existing power
lines were digitized and saved them as line feature classes in the selected dam

subgeodatabase (Figure 56).

Roads &
Power Lines

— power_lines

nace

Figure 56 Feature classes for roads and power lines, for the extent between Karadere Dam
and Taskoprii Substation

In ArcMap by using one of the spatial analyst tools which is Euclidean Distance, the raster
layer of the distance from feature classes of roads and existing power lines was created
which was saved before in the subgeodatabase of Karadere dam, each cell's value in this
layers represents the distance in meters from its position to the roads or existing power lines
(Figure 57 and 58).
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Figure 57 Raster layer representing near to roads for the extent between Karadere Dam and

Tagk0Opru Substation

TR wi 0wl 3_27

Figure 58 Raster layer representing near to existing power lines for the extent between
Karadere Dam and Task&pri Substation

By reclassified distance from roads and distance from existing power lines layers in a
common scale with reclassified slope from 1 to 9 by giving the low values to the low cost
cells (short distances), where the zero value will be along the roads or power lines and values
(distances) will be increased by moving away from the roads or existing power lines. By
doing this, the suitability degree of any position to create a new power line according to

criteria of near to roads and existing power lines was represented (Figure 59 and 60).
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Reclassify Near

Figure 59 Reclassified raster layer for near to roads for the extent between Karadere Dam
and Taskopri Substation

L Reclassify Near
L to Power Lines

Powwr B

Figure 60 Reclassified raster layer for near to power lines for the extent between Karadere
Dam and Taskopri Substation

For the criterion of land use, all specialists agree on the importance and impact of the nature
of land cover and the type of land use in the process of directing power lines, where the main
purpose is to passing the power line through open areas, barren lands, far from the habitat
and settlements. The high suitability classes were given to land uses that have low cost, low
environmental impact and low threats to power lines. Also some potential lands obstacles
were excluded from the analysis and have been given "no data" value.
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The polygons of land use layer feature class were digitized by manual recognition and digital
classification preceded by visual interpretation of satellite images that used before as a base
map over the extent area to produce criteria's maps. Also the additional data that Google
Earth provides were compared, such as cultural heritage sites, archaeological sites, nature
reserves, and others. As well as (https://osmlanduse.org) where provides access to global
land use maps [63]. Then the digitized polygons of land use were saved as a new polygon

feature class in the Karadere dam subgeodatabase (Figure 61).
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Figure 61 Land use feature class map for the extent between Karadere Dam and Taskdpri
Substation

For the purpose of the possibility of reclassification by categories of land use within a
common scale with the rest of other criteria and for the purpose of giving the obstacles value
"no data", which will be considered as prohibited areas for all other criteria, the polygon
feature class of the land use was converted from vector data layer to raster data layer (Figure
62). The Feature to Raster tool was used from the conversion tools in the spatial analysis

toolbox of ArcMap.
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Figure 62 Land use raster layer for the Extent between Karadere Dam and Taskopru

Substation

The land use class values were reclassified to be comparable with the reclassified of other
criteria's layers, where the higher value indicates that it is costly to create a power lines path

on that particular land use (Figure 63).
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Figure 63 Reclassified land use raster layer for the extent between Karadere Dam and
Tagkdprl Substation

78



After getting the reclassified raster layers in a common scale for all the criteria layers and by
using the Map Algebra-Raster Calculator spatial analyst tool in ArcMap tool box, all the
reclassified raster layers together were combined, the cost layer was produced where any
place (one cell) on this raster layer represent's the cumulative cost value or the suitability

degree of that place for power lines routing according to all spatial criteria (Figure 64).

Cost_Suitability
Value

Figure 64 Cost raster (suitability layer) for the extent between Karadere Dam and Task&pri

Substation

The least cost path algorithm use the cost layer that was got in the previous step and the path
starting point layer (Karadere dam position) to produce two new visible layers, which are the
least cost distance layer (cost distance raster) (Figure 65), and the least cost direction layer
(back link raster) (Figure 66), where those new raster layers were got using the spatial
analyst Cost Distance and Cost Back Link distance tools in ArcMap spatial analyst tools box.
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Figure 65 Cost distance raster layer for the extent between Karadere Dam and Taskdpri

Substation
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Figure 66 Back link raster layer for the extent between Karadere Dam and Taskoprii
Substation

Each cell in the cost distance layer in Figure 65 represents the least cumulative cost of
traveling from that cell to the source point cell (Karadere dam). While each cell in the back
link layer in Figure 66 represents the direction code of the least cost movement to one of the
eight neighbor cells back to the source point cell (Karadere dam).
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By determination of the destination point which is Taskoprii substation, the destination layer
is created. The analyzer of the GIS use the cost distance layer, the back link layer and the
destination layer to calculate the least cost path raster layer (best path). The output cost path
layer (best path) represents the shortest least costly path from Karadere dam to Taskoprii
substation. The path avoids steep slopes and certain types of lands that are considered
costlier for constructing of power line; the path also seeks to be near to roads and existing
power lines and in a favorite land use. The least cost path raster layer (best path) was got
using the spatial analyst Cost Path distance tools in ArcMap spatial analyst tools box. As an
additional step, the raster path was converted to polyline (vector feature class) to give the
possibility for controlling the design of the power line path and placing the towers (Figure
67). This was done using the from raster Raster to Polyline conversions tools in the ArcMap
tools box.
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Figure 67 Least cost path (best Path) for grid connection between Karadere and Taskoprii
Substation (12.789 km)

The difference between the cost path for power line grid connection and straight line

between Karadere dam and Taskopru substation is:

12789-12074 = 715 meter.
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As a last step in the best path's model using ArcScene Base Height 3D analyst tools, the best
path line vector was projected on the 3D surface of satellite imagery for the area of the path
using the elevation raster layer as a base height to create the 3D surface for the satellite
imagery and the path in order to allow the realization of the path and the possibility of
modification as well as determination of towers places by giving a realistic perception of the

path on the real surface of the terrain and land cover (Figure 68).

Figure 68 3D view of the best path between Karadere Dam and Taskopri Substation

5.2. Karagomak Dam

Karagomak Dam is a multi-purpose dam that is used for irrigation, flood control and
municipal supply, and is located in Kastamonu province (Figure 69). It was built on clay
core sand fill type, and is located on the Karagomak stream. The volume of the dam body is
1100 m?, and the height from the foundation is 70 m, with a reservoir capacity of 23 hm?,
The area irrigated by the dam is 2596 hm? and the full spillway is 900m?%s. It began
operation in 1976 (Figure 70). According to the DSI, the reservoir was filled at 92.9%
capacity in 2018 and 100% in 2019 (Table 10).
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Figure 69 Top view of Karagomak Dam and its lake in Kastamonu province

Figure 70 Karagomak Dam and its lake
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5.2.1. Karagomak Dam's Technical Criteria

Karagcomak Dam is suitable for hydropower development since it has the following technical

specifications:

- 42 years in operation, which less than the years in operation criterion in (80—42 = 38 years),
38 more possible years in operation.

- The Dam is a multipurpose of irrigation, flood control and municipal.

- The height from the foundation (base height) is 70 meter, which is more than the criterion
of dam height in (70-15 = 55 m).

- The reservoir capacity is 23 hm?, which is more than the criterion of reservoir capacity in
(23-3 =20 hm?).

The waterfall height (NWL) (head) was previously calculated in m for all the dams in the
geodatabase using the ArcCatalog-Filed Calculator tool based in Equation (1) (Figure 4).
The NWL represents the head height of the water if the outlet at the bottom of the active

storage of the dam. For Karagomak Dam:

NWL = [dam height — [crest elevation at sea level — normal water elevation at sea level]]

NWL (head) = [49 — [895-889]] = 43 meter

The potential power can be calculated from equation (2) previously referred to, this equation
needs dam height and discharge flow rate to calculate the potential installed capacity. Flow
rate can be estimated by reservoir capacity, dam height and river type [66] (Table 11). It is
known that multipurpose dams have a good flow of water discharge because they always
have many water recourses. The (https://power-calculation.com/hydroelectricity-energy-
calculator) site [14]; allows calculation of potential power parameters by inserting the values

of equation (2) which represent the dam hydro resources values (Figure 42).
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Using the Hydropower Calculator by (power-calculation.com) for Karagomak dam values,

the following parameters were got:

- Real active power available: 799 kW.

With 150 days average number of working days per year:

- Average annual energy in output of hydro generator: 2876.4 MWh/year.

- Annual electricity bill: €230112/year.

5.2.2. Nearest Substation to Karagcomak Dam

The nearest substation to this dam is Kastamonu, at a distance of 8.56 km. The substation is

in operation and belongs to the TEIAS Institute. This is a power transmission step-up class

substation with a capacity of 154 kV (Figure 71).

Figure 71 Top view of Kastamonu Substation
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5.2.3. Suitability Score of Karagomak Dam

Multi-criteria fuzzy logic was used to determine the suitability degree to which the
Karagcomak dam meets all the criteria of distance, environmental impact and technical
criteria, and to calculate its overall suitability score relative to the rest of the selected dams.
This approach depends on calculating the impact of each criterion on reaching the desired
objective. Fuzzy logic translates each criterion into a continuous variable that takes a value
between zero and one (0<=x<=1); this is called the suitability degree or membership degree,
and reflects the actual values as a proportion of the maximum and minimum original values
of the criteria [39]. The criteria chosen to calculate the suitability of each dam are spatial
criteria (such as nearest substation distance, EIA requirements) and technical criteria (such as

reservoir capacity, natural water level, dam purpose and years in operation).

Using equation (4), the suitability score of all the criteria for selected dams were calculated.
The dams were arranged according to the suitability score in Excel table then the suitability
score field was exported from this table to our selected dams table in the geodatabase.

However, the calculation of suitability score for Karagomak dam was as following:

S (Di):ZWj*Cij i=1,2,..,n j=1,2,...¢r

Where i is the dam number, j is the criterion number, n=265 is the total selected dams, r=6 is
the total number of the criteria, W; is the weight of the criterion j, Cy; is the suitability degree

of the criterion j for the dam i and S (D)) is the suitability score of the dam i.

C;; for Karagomak dam are:

Suitability degree for reservoir capacity:

Selected 265 dams reservoir capacity median = 18.5 hm?

Minimum Selected 265 dams reservoir capacity = 3 hm?

Maximum Selected 265 dams reservoir capacity = 717.7 hm?

Karagomak dam reservoir capacity = 23 hm?

Since reservoir capacity = 23 hm? is greater than the median = 18.5 hm?® then..
Karagomak reservoir capacity suitability degree = [(23-18.5)/(717.7-18.5)*(1-0.5)] + 0.5
Karagomak reservoir capacity suitability degree = 0.503252091 (Figure 72).
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Figure 72 Suitability function for reservoir capacity, Karagomak Dam

Suitability degree for normal water level (head):

Selected 265 dams normal water level median = 33.5 m

Minimum Selected 265 dams normal water level =9 m

Maximum Selected 265 dams normal water level =98 m

Since Karacomak dam normal water level = 43 is greater than the median = 33.5 then..
Karagomak normal water level suitability degree = [(43-33.5)/(98-33.5)*(1-0.5)] + 0.5
Karagomak normal water level suitability degree = 0.573643411 (Figure 73).
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Figure 73 Suitability function for normal water level, Karagomak Dam

&7



Suitability degree for dam purpose:

Purpose = Irrigation + Flood control + Municipal = 3 (triple-purpose)
Since Karagomak is a multipurpose dam then..

Karagomak purpose suitability degree = 0.33 (Figure 74).
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Figure 74 Suitability function for dam purpose, Karagomak Dam

Suitability degree for dam years in operation:

Minimum Selected 265 years in operation = 1 year

Maximum Selected 265 dams years in operation = 60 years

Karagcomak dam years in operation = 42 years

Karagomak years in operation suitability degree = 1— (42/60)

Karagomak years in operation suitability degree = 0.31147541 (Figure 75).
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Figure 75 Suitability function for years in operation, Karagomak Dam

Suitability degree for nearest substation distance:

Minimum nearest substation distance for the Selected 265 dams = 0.7 km

Maximum nearest substation distance for the Selected 265 dams = 38.2 km
Karacomak dam nearest substation distance = 8.56 km

Karagomak nearest substation distance suitability degree = 1—(8.56/38.2)
Karagomak nearest substation distance suitability degree = 0.780445748 (Figure 76).
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Figure 76 Suitability function for nearest substation distance, Karagomak Dam
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Suitability degree for EIA requirement:

Since Karagomak nearest substation distance = 8.56 km lees than 15 km then..

Karagomak EIA requirement suitability degree = 1 (Figure 77).
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Figure 77 Suitability function for EIA requirement, Karagomak Dam

Then the suitability score for Karagomak dam S (D)) is:

S (D) = 0.503252091 (0.16) + 0.573643411 (0.16) + 0.33 (0.16) + 0.31147541 (0.16) +
0.780445748 (0.16) + 1 (0.16)

S (D:) = 0.580803565 = 58%
58% is the suitability score of Karagomak dam according to all the criteria, which put
Karagomak dam in the medium suitability class, which are 149 dams had a suitability score

of between 50% and 75%, where Karacomak dam was ranked 112™ in its suitability score

from the selected 265 dams.
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5.2.4. Best Grid Connection Path (Least Cost Path) from Karagomak Dam to its
Nearest Substation

Both the Karagomak dam and its nearest substation Kastamonu are located in Kastamonu
province. Using ArcMap, the feature classes for the Karagomak dam and Kastamonu
substation were selected from their geodatabase. Then they were added over the layer of
Turkey provinces map (Figure 78). The straight distance between them was found while
generating the Near Table of nearest substation for each dam in the geodatabase, where the
straight distance between Karagomak dam and Kastamonu substation is 8.56 km (Figure 79).

The multi-criteria GIS spatial analyst depends on calculating the impact of each spatial
criterion to serve the desired objective within the available spatial options. The criteria that
have been chosen to find the best grid connection path are the measurable continues
phenomenon spatial criteria's including (shortest distance, suitable elevation, least slope and
near to roads) which related to the cost of establish and maintenance of new power lines, and
the attributed spatial criteria's which are land cover criteria including (avoids or exclude
some public and private property, avoid natural reserves, avoid large water surfaces and land
use preferences) which related to the lands costs, EIA requirement, and natural and artificial

obstacles.
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Figure 78 Karagomak Dam yubstition‘!ast monu) on a map of Turkey

Figure 79 Straight line distance (8.56 km) between Karagomak Dam and Kastamonu
Substation
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As the first step in the multi-criteria analyst, each spatial criterion from the extent of the
study area (a rectangular area between the dam and the nearest substation) into a visible
raster layer, where each cell in this layer represents a variable that has a value compatible

with the spatial value of its criterion.

The spatial reference satellite image was used as a basis for the extent of the area between
the Karagomak dam and Kastamonu substation to generate the criteria layers. The satellite
imagery was downloaded with spatial reference by using SASPlanet application and Google
Earth Pro.

In the ArcCatalog, a new subgeodatabase was created and gave it Karagomak name. In this
subgeodatabase the satellite imagery of the area extent was imported, also the feature classes
of Karagcomak dam and Kastamonu substation were imported from original geodatabase of
all the selected dams and substations, in ArcMap all those subgeodatabase components were
projected on the satellite imagery using the coordinate system of Turkey provinces feature
class polygons WGS 1984 Lambert Conformal Conic (Figure 80).

Figure 80 Extent of spatial reference satellite imagery for Karagomak Dam and Kastamonu
Substation feature classes
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To create the layers for the criteria of suitable elevation and the least slope, using the cells
coordinates of the satellite imagery base map and the TCX Convertor application the
elevation points data were downloaded for the coordinates of area extent of Karagomak dam
and Kastamonu substation in an excel format table. In ArcMap and from the new
subgeodatabase of Karagomak dam, the elevation data excel table was imported to create the
elevation raster layer using the inverse distance weighted IDW interpolation tool in spatial

analyst tools box (Figure 81).
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Figure 81 Elevation raster layer for the extent between Karagomak Dam and Kastamonu
Substation

Then by using the ArcMap Slope tool in the surface spatial analyst tool box the slope raster
layer was created, where each cell in this layer represents the slope of its position (Figure
82). According to TEIAS, the degree of slope, which is more than 30%, is unsuitable for
design. Also areas with a slope greater than 40% are prone to landslides.
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Figure 82 Slope raster layer for the extent between Karagomak Dam and Kastamonu

Substation

Then by reclassified the slope layer in a common scale from 1 to 9 with the other reclassified
criteria's by giving the low values to the low slope cells (low cost), the slope suitability
degree of that position to create a power line was represented. The high values represent the
areas not good for power lines routing (Figure 83).
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Figure 83 Reclassified slope raster layer for the extent between Karagomak Dam and

Kastamonu Substation

To calculate the distance from roads, in the extent of the area between Karagomak dam and
Kastamonu substation, the roads were digitized and saved as a line feature class in the
selected dam subgeodatabase (Figure 84).
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Figure 84 Roads feature class for the extent between Karagomak Dam and Kastamonu

Substation

In ArcMap using one of the spatial analyst tools which is Euclidean Distance, the raster
layer of the distance from the feature class of roads which is saved before in the
subgeodatabase of Karagomak dam was created, each cell's value in this layer represents the

distance in meters from its position to the roads (Figure 85).
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Figure 85 Raster layer representing near to roads for the extent between Karagomak Dam
and Kastamonu Substation

By reclassified distance from roads layer in a common scale with reclassified slope from 1 to
9 by giving the low values to the low cost cells (short distances), where the zero value will
be along the roads and the values (distances) will be increased by moving away from the
road. By doing this, the suitability degree of that position to create a power line according to

criterion of near to roads was represented in Figure 86.
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Figure 86 Reclassified raster layer for near to roads for the Extent between Karagomak Dam
and Kastamonu Substation

For the criterion of land use, all specialists agree on the importance and impact of the nature
of land cover and the type of land use in the process of directing power lines, where the main
purpose is to passing the power line from the open areas, barren land, far from the habitat
and settlement. The high suitability classes were given to land uses that have low cost, low
environmental impact and low threats to power lines. Also some potential lands obstacles

were excluded from the analysis and have been given "no data" value.

The polygons of land use layer feature class were digitized by manual recognition and digital
classification preceded by visual interpretation of satellite images which was used before as a
base map for the extent area to produce several criteria's maps. Also the additional data that
Google Earth provides were compared, such as cultural heritage sites, archaeological sites,
nature reserves, and others. As well as (https://osmlanduse.org) which provides an access to
global land use maps [63]. Then the digitized polygons of land use were saved as a new
polygon feature class in the Karagomak dam's subgeodatabase.
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For the purpose of reclassification by categories of land use within a common scale with the
rest of other criteria and for the purpose of giving the obstacles "no data" value, which will
be considered as prohibited areas for all other criteria, the polygons feature class of land use
were converted from vector data layer to raster data layer. The Feature to Raster tool was

used from the conversion tools in the spatial analysis toolbox of ArcMap (Figure 87).

Figure 87 Land use raster for the extent between Karagomak Dam and Kastamonu

Substation

The land use feature class values were reclassified to be comparable with the reclassified of
other criteria's layers, where the higher value indicates that it is costly to create a power lines
path on that particular land use (Figure 88).
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Figure 88 Reclassified land use raster for the extent between Karagomak Dam and

Kastamonu Substation

After getting the reclassified raster layers in a common scale for all criteria layers and by
using Map Algebra-Raster Calculator spatial analyst tool in ArcMap tool box, all the
reclassified raster layers were combined together, the cost layer was produced. Any place
(one cell) on this raster layer represent's the cumulative cost value or the suitability degree of
that place according to all spatial criteria (Figure 89).
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Figure 89 Cost raster (suitability layer) for the extent between Karagomak Dam and
Kastamonu Substation

The least cost path algorithm use the cost layer that was got in the previous step and the path
starting point layer (Karagomak dam position) to produce two new visible layers, which is
the least cost distance layer (cost distance raster) (Figure 90), and the least cost direction
layer (back link raster) (Figure 91). Those new raster layers were got using the spatial

analyst Cost Distance and Cost Back Link distance tools in ArcMap spatial analyst tools box.
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Figure 90 Cost distance raster layer for the extent between Karagomak Dam and
Kastamonu Substation
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Figure 91 Back link raster layer for the extent between Karagomak Dam and Kastamonu

Substation
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Each cell in the cost distance layer in Figure 90 represents the least cumulative cost of
traveling from that cell to the source point cell (Karagomak dam). While each cell in the
back link layer in Figure 91 represents the direction code of the least cost movement to one

of the eight neighbor cells back to the source point cell (Karagomak dam).

By determination of the destination point which is Kastamonu substation, the destination
layer is created. The analyzer of the GIS use the cost distance layer, the back link layer and
the destination layer to calculate the least cost path raster layer (best path). The output cost
path layer (best path) represents the shortest least costly path from Karagomak dam to
Kastamonu substation. The path avoids steep slopes and certain of types of lands that are
considered costlier for constructing power line; the path also seeks to be near to roads and
existing power lines and in a favorite land use. The least cost path raster layer (best path)
was got using the spatial analyst Cost Path distance tools in ArcMap spatial analyst tools
box. As an additional step, the path raster was converted to polyline (vector feature class) to
give the possibility of controlling the design of the path and placing the towers (Figure 92).
This was done using the from raster Raster to Polyline conversions tools in the ArcMap tools

box.
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Figure 92 Least cost path (best path) for grid connection between Karagomak Dam and
Kastamonu Substation (8.607 km)
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The difference between the cost path for power line grid connection and straight line

between Karagomak dam and Kastamonu substation is:

8607-8560 = 47 meter.

As a last step in best path model by using ArcScenen Base Height 3D analyst tools, the best
path line vector was projected on the 3D surface of satellite imagery for the area of the path
were used the elevation raster layer as a base height to create the 3D surface for the satellite
imagery and the path in order to allow the realization of the path and the possibility of
modification as well as determination of pylons locations by giving a realistic perception of
the path on the real surface of the terrain and land cover (Figure 93).

Figure 93 3D view of the best path between Karagomak Dam and Kastamonu Substation
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CHAPTER 6

CONCLUSION

6.1. Conclusion

This study investigated on 751 operated dams in Turkey in terms of their potential for
hydropower development. A total of 265 of 711 irrigation dams were found to be most
suitable for hydropower development, and 183 substations were found within a maximum
distance of 40 km from these 265 dams for the purpose of grid connection. These were found
by assessing a set of spatial and technical criteria for both the dams and the substations, and
applying a geodatabase query to filter the dams and substations and to choose the most

suitable options based on the specified criteria.

Using Equation (3), an average distance of 35 km was calculated between substations in
Turkey, meaning that each dam should have a substation within approximately 40 km. Some
of the selected 183 substations based on the technical and spatial criteria were close to more
than one dam, and eight of the selected 273 dams based on the technical criteria were found
not to have a substation within 40 km, therefore they excluded and the number of the

selected dams becomes 265.

A variation was observed in the preferences of the criteria for any selected dam through the
results of statistical indicators of the criteria. For example, the dam with the highest
preference for the criterion of shortest distance to the nearest substation, which is 720
meters, had low preferences in relation to its other criteria where the reservoir capacity was
3.7 hm?3. Therefore, the selected dams were arranged according to their suitability using

multi-criteria fuzzy logic, which was assessed in terms of meeting the specified technical and
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spatial criteria. Three categories were identified: 21 dams with high suitability i.e. a
suitability score greater than 75%; 149 dams with medium suitability, i.e. a suitability score
of between 50% and 74.9%; and 95 dams with low suitability, i.e. a suitability score of less
than 50%.

The first case study was Karadere Dam, with an overall suitability score of 78%. This dam
was therefore from the high suitability class. The potential power was calculated at 1587
kW, and the annual benefit was estimated at €457,056/year. By applying the methodology
for finding the best path for grid connection to the nearest substation, which was within a
distance of 12.07 km, the best grid connection path was found with a length of 12.789 km,
i.e. a difference from the straight-line distance of 719 m. In addition, although the criterion
of near to rivers was not one of the criteria examined in this study, the proposed path was
close to the Karadere river (Figure 67). This can be attributed to the criterion of land use,
which takes into account the important factors that affect the cost of grid connection such as
land confiscation and slope, which always have low values near rivers. This result can be

considered a good indicator of the accuracy of the method.

The second case study was Karagomak Dam, with an overall suitability score of 58%, which
places it in the medium suitability class. The potential power was calculated at 799 kW, and
the annual benefit was estimated at €230,112/year. By applying the methodology for finding
the best path for grid connection to the nearest substation, which was within a distance of
8.56 km, the best grid connection path was found with a length of 8.607 km, which differed
from the straight-line distance by 47 m. In the case of Karagomak Dam, the criterion of near
to existing power lines was deliberately not taken into account, due to the presence of an
existing power line between the dam and the nearby Kastamonu substation (Figure 92). This
was in order that the proposed line could be evaluated and compared with the existing line.
The proposed best path almost matched the existing line, thus demonstrating the accuracy of

the methodology and criteria used to find the best route.

By comparing the two case studies, it can be observed how the differences in potential power
affect the suitability score for each dam. It can also be noted that the length of the proposed
grid connection route is related to the distance of the dam from the nearest substation; this
length is close to the straight-line distance when the nearest substation is close to the dam, as

in the Karagomak dam case study, and is more different from the straight-line distance when
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the substation is further from the dam, due to the effect of taking the various spatial criteria

into account and avoiding obstacles in wide areas, as in the Karadere case study.

The methodology used in the study and its results, main findings and conclusions are

summarized in Figure 94.
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Figure 94 Conclusions and structure of the thesis

109



6.2. Discussion

The study has succeeded in proving the availability and capability of irrigation dams in
Turkey; these are distinguished from other types of dams due to their characteristics, which
allow them to generate hydropower with high quality, low cost, low environment impact and
ease of implementation, this done by verifying the (technical, spatial, grid connection, risk
and environmental impact) criteria's. By applying these criteria the best dams have been
selected for the possibility of hydropower development.

One of the most important criteria that often overlooked in hydropower projects is the grid
connection distance. In this study, the criterion of distance to the nearest substation was
considered in order to ensure that the potential power quantity is consistent with the cost and
distance of the grid connection. Considering an average of 35 km between substations in
turkey found using equation (3), the maximum grid connection distance (break-even
distance) between the selected dams and their nearest substations was therefore set to 40 km,
in order to avoid exceeding power losses of 4.5% and to ensure consistency between the

potential benefits and the grid connection cost.

Although all the selected dams are suitable for hydropower development, knowing the best
or start on the best was certainly wanted. Implementing agencies and beneficiaries aim to
choose dams that meet the highest criteria (i.e. highest power production, lowest cost and
environmental impact, and shortest grid connection), especially after the variation which
observed in the preference of the criteria for any selected dam through results of statistical
indicators of the criteria. Using multi-criteria fuzzy logic, the overall suitability score of each
dam was calculated based on all the required criteria and the dams were then sorted
according to their suitability score and classified into suitability ranges to allow the best to be
selected for grid connection spatial analysis and other tests. The selected dams were arranged

based on their overall suitability scores into three classes: high, medium and low suitability.

A methodology for finding the best grid connection route was presented using multi-criteria
GIS spatial analysis to find the option with lowest risk, least loss, least cost and lowest
environmental impact of the power line. The criteria were short distance to nearst substation,
least slope, near from roads and existing power lines, which were related to the risks and
costs of establishing and maintaining new power lines. Other criteria included avoiding or

excluding certain types of public and private property, avoiding natural reserves and large
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water surfaces, and crossing some types of land, which were related to land costs, lands

confiscation, EIA requirements, and natural and artificial obstacles.

Two dams were selected as case studies: Karadere, a dam from the high suitability class, and
Karagomak, from the medium suitability class. For each of these dams, the technical and
spatial criteria were discussed and the potential power and economic benefits were
estimated. In addition, multi-criteria GIS spatial analysis was applied to find the best routes
for grid connection for each of the two dams to their nearest substations.

6.3. Recommendations

The study propose investment in hydropower development for the best 265 irrigation dams,
which were identified in this study according to their overall suitability scores, based on
several technical, spatial and environmental criteria. The study also proposes the use of
siphon turbines for hydropower development, since it does not need to tamper the irrigation

dam's body.

In terms of grid connection, it is possible to control the weights of the criteria according to
different perspectives, removing or adding criteria to give new results. Where this study
provides a methodology for identifying the nearest substation for each dam and finding the
best grid connection path to it, based on the common criteria for the routing of power lines

and the amount of power that can be potentially generated.

For the dams with good values of their technical criteria for hydropower development but
not have substations within 40 km for grid connection, the proposed methodology can be
used to find the best grid connection route within isolated grids to the nearest potential

energy investment site, which may be the nearest small village, factory or other.

The proposed methodology can also be applied to other types of dams or renewable energy

resources, or to irrigation dams in other countries.
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APPENDIX A

MULTI-CRITERIA HIGH SUITABILITY SCORE DAMS

Table 12 High Suitability Class: 21 Dams had a Suitability Score of between 75% and 87%

Start . . Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near . Suitability
s DRI Operation sl OIS R e Type*  Capacity Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km) SN HETS Score
1 Aktag 2017 Aktag Izmir | CCs 43.79 105.5 100 98 1580 9.921 Odemis 0.871
2 Burgaz Zeytinova 2013 Falaka Cayi Izmir | CCS 33 115 84.5 815 3009 11.906 Tire 0.829
3 Cayirdere 2017 Kocadere Kirklareli | CFR 28.25 63 58.5 575 232.73 2583 10.597 Pinarhisar 0.814
4 Tasoluk 2009 Ginarcikdere ~ Canakkale | CCR 79.4 75 65 63 1352 9606 8.948 Biga 0.813
5 Yenidere 2010  Yenidere Cayi  Denizli | CCs 65.37 46 43 40 1432 3304 5.087 Tavas 0.801
6 Havran 2010 Havran Balikesir | CCR 66.5 79.5 63.5 60.5 1406 3330 12.836 Edremit 0.794
7 Vezirkopri 2005 Istavloz Cayi ~ Samsun | CCR 51.47 75 735 67.5 887.75 10994 11.444 Vezirkdpri 0.794
8 Madra 1998 Madra Balikesir | CCR 79.4 97 87 84 7872 13.822 Ayvalik 0.789
9 Karadere 2007  Karadere Cayi Kastamonu | CCSs 26.08 90 70 64 1220 6852 12.074 Taskopru 0.789
10 Derindz 2002 Derindz Amasya | CCR 18.9 77 74 70 158 4990 10.970 Ladik 0.787
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Rank

11
12
13
14
15
16
17
18
19
20
21

Dam Name

Beskaris
Yazici
Saraydizl
Kestel
Camgazi
Kalecik
Kalecik
Ibrala
Naras
Erzincan
Ardil

Start
Operation
2012
2008
2011
1989
1998
1985
2016
2012
2016
1997
2017

River

Muratcay
Altincayir
Asarcik
Kestel Cayi
Deyran
Kalecik Deresi
Uludere
Ibrala
Manavgat
Gogne
Avrdil

Province

Kitahya
Agri
Sinop
Izmir
Adiyaman
Osamniye
Ankara
Karaman
Antalya
Erzincan
Gaziantep

Purpose

|
IM

|

|

|

|
IM
IM
IF

|

|

Body
Type*
CCs
CCSs
CCs
CCS
CCS
CCR
CCS
CCR
RCC
CCs
RCC

Reservoir
Capacity
75.6
220.55
36.28
374
53.12
31.25
16.25
134
36.18
11.54
10.97

Table 12 (continued)

Height from Height from  Normal Water
Thalweg (m) Level or Head Way (m3/s) Area (hm2) Substation (km)

Base (m)
62.85
90
735
65
45
80
55
58
78
81
54

52.35
83.5
58.5

58
39
77
53
49
68
74.5
49

48.35
785
505

53
36
75
50
45
56
735
44

Full Spill  Irrigated Near
314 9093 12.971
257 31918 11.440

558.98 4109 14.294
4077 2.103

77.86 8000 3.462
1690 4395 7.659
2455 4.018

7283 8700 6.407
915 7142 9.903
5406 8.564

507 2126 12.736

Substation Name

Altintag Tm
Agdri Tm
Boyabat
Bergama

Adicim
Bahce
Kalecik
Karaman_Osb
(Yavrudogan)Gundogdu
Erzincan_Osh
Ps5Tm

Suitability
Score
0.784
0.780
0.774
0.769
0.768
0.763
0.762
0.758
0.757
0.757
0.753

*CCS: Clay Core Sand-Gravel, CCR: Clay Core Rock, RCC: Roller Compacted Concrete, CFR: Concrete Faced Rock Fill, HE: Homogeneous Earth, CFS: Concrete Faced Sand-Gravel, CG: Concrete Gravity
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APPENDIX B

MULTI-CRITERIA MEDIUM SUITABILITY SCORE DAMS

Table 13 Medium suitability class: 149 dams had a suitability score of between 50% and 74.99%

Rank Dam Name Start River Province  Perpose Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near Substation Name Suitability

Operation Type* Volume (hm3) Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km) Score
1 Babasultan 2009 Karadere Bursa | CCR 12.098 53 46 44 305.39 4006 9.551 Inegdl 0.7498
2 Sultansuyu 1994 Sultansuyu Cayi Malatya | CCS 533 60 53 50 1050 8596 9.797 Malorsa 0.7484
3 Akgedik 2008 Saricay Mugla IM  CCS 29.032 55 48 45 403 1642 4.786 Milas 0.7420
4 Kizildamlar 2003 Sogiit Bilecik | CCR 10.7 46.7 40 35 296 1974 4,003 So6git Tm 0.7392
5 Hancagiz 1990 Nizip Cayi Gaziantep | CES 100 48 45 42 2430 6945 8.517 Belkis Tm 0.7382
6 Musabeyli 2012 Bisekozii Yozgat IM  CCS 48.6 67 61 57 238 1850 13.922 Yozgat 0.7318
7 Glizelhisar 1982 Giizelhisar Cayi Izmir IM  CCR 158 89 86 84 9230 6.776 Alosb | 0.7283
8 Hasanlar 2012 Kabaklar Kiitahya | CFR 79 57.85 48 47 863 13511 Emet Tm 0.7261
9 Seferihisar 1994 Yassicay Izmir | CCS 29.1 59 54 49 113.63 1277 14.602 Urla 0.7237
10 Sevisler 1982 Yagcili Cayi Manisa | CCS 122.4 65 59.5 515 7063 10.288 Soma Santr. A 0.7237
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Rank

11
12
13
14
15
16
17
18
19
20
21
22
23

Dam Name

Seve
Kovali
Korkuteli
Delicay
Yesilburg
Kilicli
Bayir
Koghisar
Cicekozi
Demirtag
Gokpinar
Onag 2
Trkmenli
Karamanli
Sarkisla Kanak
Godet
Ikizcetpeler
Topcam
Pegenek
Glnyurde

Start
Operation
2005
1987
1976
2010
2013
2007
2007
2011
2013
1983
2001
1998
2001
1987
2013
1988
1991
1984
2010
2005

River

Sinnep
Diindar
Korkuteli
Kurt Deresi
Kaynardere
Kapali Deresi
Sirainler
Blyiikkéz
Bogazdere
Ballikaya Dere
Gokpinar
Onag
Kumdere
Degirmendere
Kanak
Godet Akarsuyu
Kille
Madran
Pegenek
Bakrag

Province
Kilis
Kayseri
Antalya
Karaman
Nigde
Adana
Mugla
Gorum
Bursa
Bursa
Denizli
Burdur
Tekirdag
Burdur
Sivas
Karaman
Balikesir
Aydin
Ankara
Bilecik

Perpose
IM

Body  Reservoir
Type* Volume (hm3)
CCR 20.9
CCS 25.1
CCS 42.74
HE 25.6
CCR 3.24
HE 9.5
CCR 7.21
HE 161.7
CCS 49
CCS 14.457
CCS 21.72
HE 16.58
HE 15.29
CCS 24.813
CCS 23.67
CCR 158
CCR 164.58
CCS 106.2
HE 75.5
CCR 8.79

41
485
70.2

45
40.5

38
52.5
574

53

54

50
32,5
29.8

53.75

49

93

52

61.65

33

46

Table 13 (continued)

34
42
50.2
35
355
27
47
374
48.5
46
43
235
26.8
47.25
375
64.7
47
56.15
32
37

Height from Height from  Normal Water
Base (m) Thalweg (m)

Level or Head
31
40

46.2
30
325
23
43
324
455
41
41
18.5
22.8
42.25
335
62.7
45
54.15
29
32

Full Spill  Irrigated Near
Way (m3/s) Area (hm2) Substation (km)

513 196 2.309
416 2850 7.981
815 5985 3.316
339 3690 5.647
374 450 6.133
156.1 677 4,267
311.87 373 11.230
442 12427 13.181
1730 13.895

362 1710 3.507
819 6522 6.613
564 1953 4803
355.88 515 7.884
631 3747 11.563
275 2313 13.026
972 16000 10.598
2776 4688 7.936
4983 5.608

412 1410 13.323
122 805 13.570

Substation Name

Kilis Tm
Yesilhisar
Korkuteli
Karaman
Nigde2
Clhadlye
Mugla
Alaca
Yenisehir1
Bdgkgs
Denizli2
Bucak
Botas
Tefenni
Sarkisla
Karaman
Balikesir_Seka
Cine
Sereflikochisar
Karakdy(Tcdd) Tm

Suitability
Score
0.7225
0.7208
0.7208
0.7199
0.7194
0.7156
0.7139
0.7127
0.7117
0.7115
0.7099
0.7096
0.7095
0.7084
0.7051
0.7009
0.6984
0.6942
0.6907
0.6897
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Rank Dam Name

31 Sehitler
32 Alaca

33 Kunduzlar
34 Ariklar
35 Kayapa
36 Hacihidir
37 Keskin 75Yil
38 Karaidemir
39 Kirklareli
40 Asar

41 Hacidede
42 Catbren
43 Sarsap

44 Hatap

45 Degirmendere
46 Devegecidi
47 Hidirbeyli
48 Uluagag
49 Kizilcakigla

50  Tagbasan Depolamasi

Start
Operation
2003
1984
1984
2003
1998
1989
1998
1980
1999
2008
2000
1987
2012
2008
2012
1972
1998
1998
2009
2013

River

Cukur
Suludere Akarsuyu
Yonek A.
Karaagag
Degirmendere
Sehir Cayi
Karadz
Pogaga Deresi
Seytandere
Degirmendere
Allahu
Harami
Ugpinar
Hatap Cayi
Degirmendere
Furataksa
Camurluca
Kargasekmez
Sofular
Firat

Province

Isparta
Gorum
Eskisehir
Kocaeli
Bursa
Sanliurfa
Eskisehir
Tekirdag
Kirklareli
Kastamonu
Amasya
Eskisehir
Kahramanmarag
Corum
Amasya
Diyarbakir
Aydin
Nigde
Sivas
Sanliurfa

Perpose

IFM
|
|
IF
|
IM
IM

Body  Reservoir
Type* Volume (hm3)
CCR 5
CCR 12,6
CCS 22
HE 11.75
HE 3.85
CCR 62.6
HE 8.4
HE 1116
CCR 113.31
CCS 5.68
CCR 4.267
EES 471
CCR 4.23
CCR 116
CCS 5.52
CCR 202
CCS 3.24
CCS 382
CCS 3
HE 5.355

46
57
425
27
48.85
42
28.6
34
70.5
36.7
44
45
26
63
52.7
34.8
29.5
48
3175
22.5

Table 13 (continued)

429
443
28
21
36.85
36.4
24.6
29.8
67.5
32.15
40
35
20
42
49.6
32.8
26.5
37.5
22.25
17.5

Height from Height from Normal Water
Base (m) Thalweg (m) Level or Head

40.9
403
26
18
34.15
214
22.6
24.8
61.5
28.15
36
33
18
38
456
30.8
22.5
335
20.25
145

Full Spill Irrigated Near
Way (m3/s) Area (hm2) Substation (km)
18 884 11.422
344 1546 7.327
804 5014 8.000
1832 9.100
185.2 1418 7.193
2080 14.448
80 1112 5.763
1154 7720 9.057
1835 13679 8.821
145.08 1010 13.885
135 520 11.654
1150 10500 5.785
27.38 557 10.663
249 780 13.229
260 217 12.726
2580 5800 14.157
125 292 5.038
2194 552 12.146
81.1 504 10.611
73690 12.959

Substation Name

Sarkikaraagag
Alaca
Kirka Tm
Kaynarca
Gorlikle
Siverek Tm
Eskisehir lii Tm
Malkara
Kirklareli
Taskopri
Merzifon
Kirka Tm
Dogankéy Tm
Corum2
Amasya
Diyarbakir_lii
Germencik
Nigde2
Sarkisla
Surug Tm

Suitability
Score
0.6896
0.6887
0.6853
0.6819
0.6801
0.6797
0.6788
0.6775
0.6768
0.6730
0.6708
0.6667
0.6659
0.6650
0.6605
0.6597
0.6585
0.6581
0.6580
0.6552
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Rank

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Dam Name

Kazan
Yapialtin
Germegtepe
Artova
Ivriz
Dedeyolu
Cihanbeyli
Golcik
Kartalkaya
Golkoy
Kapikaya
Onag
Kayalikdy
Kizilinig
Afsar
Kesiksuyu
Hasanaga
Hakkibeyli
Yayladag
Bozkir

Start
Operation
1995
1977
1986
1990
1984
2008
1989
1995
1970
1970
2012
1967
1986
1995
1979
1971
1985
1994
2000
1981

River

Kazan Deresi
Cayilak Deresi
Sadibey Deresi

Karasu Cayi

Ivriz Cayi
Kumardi
Insuyu
Kayran
Aksu Cayi

Biyiksu Mudurnu

Mamikan
Onag
Teke Deresi
Imali Cayi
Alagehir Deresi
Kesiksuyu Deresi
Hasanaga Deresi
Handeresi
Kureysi
Hosiir

Province

Mugla
Sivas
Kastamonu
Tokat
Konya
Elazig
Konya
Bursa
Kahramanmaras
Bolu
Malatya
Burdur
Kirklareli
Kahramanmarag
Manisa
Adana
Bursa
Adana
Hatay
Aksaray

Perpose

|
|
|
|
IF
|
|
|
IFM
|
|
|
IFM
|
IF
IF
|
|
IM
|

Body  Reservoir
Type* Volume (hm3)
CCS B
HE 14.6
CCR 7.3
HE 35
HE 83
HE 3.758
HE 8.5
HE 43
CCS 1.7
HE 24.073
CCR 71.14
CCR 132
CCR 149.9
CCS 3.95
CCS 69
CCS 59.1
CCS 371
CCS 5
CCR 7.55
CCR 6.1

415
36.5
50.5
26
65
35.5
18
28
57
245
89.5
30
72
31.9
455
66.4
37
24.2
474
52.1

Table 13 (continued)

38.5
30
41.7
255
44
25.7
15
23
56
215
81
28
68.7
24.9
435
57.4
30
22.2
444
47

Height from Height from Normal Water
Base (m) Thalweg (m) Level or Head Way (m3/s) Area (hm2) Substation (km)

345
27
31.7
22.5
41
22.1
13
20
49
185
78
25
60.7
21.9
34.5
53.4
26
19.2
40.4
42

Full Spill Irrigated Near
518 10.752

205 2600 7.989
436 2495 11.967
425 917 2.966
1760 37000 12.147
445 408 14.930
60 1137 2.554
88.56 820 6.881
1760 20000 12.520
60 8545 6.569
302.3 3662 18.328
1854 3270
2165 15957 12.319
107.49 304 11.158
13270 11.637
915 8764 12.310
174 742 7.486
115 1091 10.808
346 719 14.751
378 971 14.872

Substation Name

Yatagan
Sarkisla
Kastamonu Osb
Adocim
Eregli
Hazarl
Cihanbeyli
Turankdy
Narli Tcdd Tm
Bolul
Malatya2
Bucak
Kirklareli
Kilili Tm
Alasehir
Kalealti Hes
Gorlikle
Adana
Sebenovares Tm
Agagoren

Suitability
Score
0.6534
0.6510
0.6472
0.6467
0.6466
0.6464
0.6447
0.6410
0.6378
0.6349
0.6332
0.6326
0.6299
0.6259
0.6252
0.6237
0.6234
0.6227
0.6216
0.6214
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Rank

71
2
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90

Dam Name

Gilbahar
Gorum
Karahdyuk
Sarimsakli
Kocadere
Caltikoru
Kelkit Kdse
Biyikali
Atikhisar
Degirmenci
Yortanli
Akkaya
Derince
Harmancik
Urkmez
Umurbey
Bydag
Giimiigler
Gordes
Koyunbaba

Start
Operation
2014
1977
1998
1968
1981
2011
2011
1987
1973
1979
2011
1974
2014
1994
1991
2008
2009
1967
2010
2014

River

Kocan
Gomar Akarsuyu
Halya Derivasyonu
Sarimsakli
Kocadere
Ilyas Cayi
Kadse
Degirmenler Deresi
Saricay
Doprali Deresi
Yortanli
Tabakhane Deresi
Derince
Kanliirmak
Urkmez Deresi
Umurbey
Kigiik Menderesi
Giimiisler Cayi
Gordes Cayi
Terme

Province

Bingdl
Corum
Adiyaman
Kayseri
Edirne
Izmir
Giimiighane
Tekirdag
Ganakkale
Edime
Izmir
Nigde
Mugla
Sivas
Izmir
Canakkale
Izmir
Nigde
Manisa
Gankiri

Perpose

Body  Reservoir
Type* Volume (hm3)
CCS 21.162
HE 6.5
HE 3
CCS 319
HE 371
RCC 41.6
CCR 15.73
HE 3.59
CCS 52.52
HE 7.48
CCS 67.25
€ES 58
CFS 206
HE 34
CCs 7.92
CCR 52.694
RCC 248.217
CCs 4
CFR 448.46
CFS 210

Table 13 (continued)

Height from Height from  Normal Water
Base (m) Thalweg (m)

66.25
485
25.5
48
23.75
66
93
23.2
437
20.7
52.5
19
64
22
445
80.6
95
30.6
94.9
51.85

60.25
47.5
225

38
16.75
61
82
21.7
337
15.8
45.5
18
54
16
32
61.1
51
25.6
82.9
49

58.25
445
20.5
35
13.75
56
78
19.7
26.7
138
415
15
51
13
29
59.1
47
23.6
80.9
47

Full Spill  Irrigated Near
Level or Head Way (m3/s) Area (hm2) Substation (km)

362.2 1572 15.894
125 1589 1214
316 304 13.876
500 5000 6.441
125 381 0.725
4251 17.330

105 5079 20.503
27 302 10.437
2220 3069 9.014
54 476 6.356
6990 15.598

600 2277 3.248
1470 20.043

165 520 13.249
370 12.251

1582 3661 20.354
19650 23.015

56 400 4.386
14890 27.004

9600 26.085

Substation Name

Bingdl
Coruml
Adiyaman
Kayseri_Kap
Kesan
Bergama
Giimiishane
Tekirdag
Canakkalel
Uzunkdpri
Bergama
Nisde Osb
Milas
Deceko
Tahtali
Gelibolu
Nazilli
Nigde2
Demirkdpru
Kalecik

Suitability
Score
06176
06172
0.6148
0.6136
06110
0.6029
0.6027
0.6002
05999
0.5987
0.5946
05937
0.5906
0.5898
05894
05872
05862
05830
05829
05822
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Table 13 (continued)

Rank Dam Name Start River Province  Perpose Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near Substation Name Suitability

Operation Type* Volume (hm3) Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km) Score
91 Karagomak 1976 Karacomak Deresi Kastamonu IFM  CCS 23 70 49 43 900 2596 8.563 Kastamonu 0.5808
92 Yaylakavak 1996 Kocagay Aydin I CCS 314 89 71 68 880 3123 16.554 Cine 0.5796
923 Bezirgan 2013 Koldan Kastamonu | CCR 175 60 50 45 286.5 2312 20.785 Ara¢c Tm 0.5724
9% Maksutlu 1977 Maksutlu Deresi Sivas I HE 3 25.5 19 15 235 450 7.246 Sarkisla 0.5722
95 Cip 1965 Cip Cayi Elazig I CCS 8.269 24 23 19 690 1100 7.746 Hankendi 0.5711
9% Hamzadere 2011 Hamzadere Edime I CCR 207 477 26.5 24.5 15 33564 17,578 Enez Tm 0.5702
97 Beylikova Dep 2010 Porsuk Gayi Eskigehir | CCS 71.37 37.14 34.14 33.14 11760 18.536 Alpu(Tcddy) Tm 05687
98 Kaynarca 2013 Kaynarca Canakkale | HE 18.51 44 315 26.5 392.4 2045 15.422 Biga 0.5674
99 Giizelce 2012 Finize Tokat I CCS 37.59 57.5 485 455 278.44 4737 23.080 Adocim 0.5671
100 Cat 2005 Abdilharap Malatya I CCS 288.3 78 65 60 333 14481 31.317 Malatya2 0.5612
101 Pusat Ozen 2009 Pusat Sivas I CCR 95.4 85.5 72 68 662 10599 31.733 Zara 0.5580
102 Bakacak 1998 Kocagay Canakkale | CCR 139 65 50 47 501 9000 19.944 Can 0.5564
103 Belkaya 2008 Guluman Burdur | S 8.076 69 61 58 464.25 2682 16.245 Tefenni 0.5525
104 Ulas Karacalar 2007 Karacalar Irmagi Sivas | CCs 436 51 33 30 770 4100 18.134 Deceko 0.5512
105 Ayhanalr 2003 Kiziloz Nevsehir I HE 21.87 425 35.36 31.36 447.93 1773 16.005 Avanos 0.5502
106 Kayacik 2006 Aynifar Gaziantep | CCS 116.76 495 45 42 612 20000 24.814 Gaziantepd Tm  0.5483
107 Akhasan 2010 Elma Deresi Gankiri | CCS 16.49 48 358 318 166 2253 19.499 Ismetpasa 0.5462
108 Siddikli 2002 Kérpeli Bogaz Kirgehir I CCR 285 53 50.2 452 675 4945 21.452 Kirsehir 0.5454
109 Beyramdere 2011 Karanlikdere Canakkale IM  CCR 18.45 60 56 51 376.6 1050 15.582 Gelibolu 0.5447

110 May 1960 May Nehri Konya IF HE 4.7 19.6 19 16 535 1200 7.369 Alibeyhtiytigu 0.5439
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Table 13 (continued)

Rank Dam Name Start River Province  Perpose Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near Substation Name Suitability

Operation Type* Volume (hm3) Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km) Score
111 Karagal 2009 Bozgayi Burdur | CCS 63.5 70 59.5 575 1176.6 5006 31.189 Burdur 0.5430
112 Nevruz 2017 Pohrekli Sivas I CCR 2212 54 41.3 383 70.7 4829 29.654 Sivas 0.5417
113 Uluborlu 2010 Pupa Cayi Isparta IF HE 19.9 75 56.46 49.46 286 1808 15.253 Keciborlu 0.5416
114 Kavakdere 2006 Kavakdere Cayi Izmir | CCS 138 42 36.5 325 560 15.708 Tahtali 0.5411
115 Sihke 1958 Akkdprii Dersi Van I HE 9.2 18.2 112 10.2 1200 6.395 VanTm 0.5402
116 Sulakyurt 2015 Taretozi Kirikkale I CFS 438 51 46 41 307 2569 30.278 Kalecik 0.5396
117 Caybogazi 2002 Sancikisik Antalya I CCS 54.95 78.7 67.7 64.7 9% 13593 29.702 Elmali 0.5385
118 Duragan 2010 Cargak Cayi Sinop I CCR 8.44 76 51 46 431.52 624 17.701 Boyabat 0.5379
119 Cokal 2012 Kabakgayi Canakkale IM  CFR 204 80.5 57 51 1500 12757 23.007 Malkara 0.5378
120 Damsa 1971 Damsa Nevsehir IF  CCS 712 335 315 215 350 1390 10.031 Urgup 0.5371
121 Akkdy 1967 Asarcik Kayseri IF  CCR (/5 435 415 36.5 744 946 12.296 Yesilhisar 0.5370
122 Damlapinar 2013 Damla Cayi Konya | CFR 10.13 575 545 515 339 1070 23591 Beysehir 0.5357
123 Pamukgay 2012 Pamukgay Diyarbakir | CCS 44.82 375 315 285 310.64 5100 24.190 Bismil 0.5355
124 Kulaksizlar 2007 Bk Kastamonu | CCR 18.72 46 33 28 543 5128 20.143 Kastamonu Osb ~ 0.5347
125 Naipkdy 2016 Kocadere Tekirdag IM HE 21.59 58.5 36.5 335 393 100 16.930 Tekirdag 0.5304
126 A Kuzfindik 2007 Kocadere Eskisehir I CCS 20.95 46.5 30 25 K741 2496 19.652 Seyitdmer Tm 0.5297
127 Erfelek 2001 Karasu Cayi Sinop IM  CCS 25.23 87.2 67 63 602.5 2873 17.004 Ayancik 0.5277
128 Cavdir 2005 Bayir Burdur I CCR 32.216 60 44 39 317 1157 25.765 Tefenni 0.5277
129 Kurtbey 1975  Karacacrman Deresi Edime | HE 3.26 17.65 14.15 11.15 28.1 234 14.546 Uzunkdpri 0.5274

130 Selim Bayburt 2012 Bozkus Kars IM CCS 52.43 57 52 48 5237 20.514 Kars2 0.5266
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Table 13 (continued)

Rank Dam Name Start River Province  Perpose Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near Substation Name Suitability

Operation Type* Volume (hm3) Base (m) Thalweg (m) Level or Head Way (m3/s) Area (hm2) Substation (km) Score
131 Bedirkale 1995 Kala Deresi Tokat | CCs 17.87 45.56 34.66 30.66 292.13 2813 15.359 Adocim 0.5264
132 Bademli 2013 Piring Cayi Izmir I CCs 4.96 56.5 51 47 1048 19.069 Odemig 0.5259
133 Gelingiilli 1993 Kanak Yozgat I HE 270 54 44.4 384 1890 24806 25.269 Sorgun 0.5246
134 Dogandzii 2011 Kirmir Cayi Ankara | CCs 35.64 52 335 30.5 2177 27.288 Kazan 0.5234
135 Yarseli 1991 Beyazcay Hatay I CCs 55.4 435 36.5 345 888 7300 17.127 Antakya | 0.5233
136 Koprikdy 2010 Kapriikdy D. Isparta I CCR 548 50.78 40.78 3878 137.18 1508 16.109 Sarkikaraagag ~ 0.5221
137 Akgin 2012 Kocadere Canakkale I CCS 103 40 34 30 226.3 820 19.153 Ezine 0.5208
138 Beyler 1994 Incesu Kastamonu | CCR 26 40 31 21 313 6121 15.139 Kure 0.5190
139 Goksu 1995 Goksu Diyarbakir I CCR 56.5 53 46 44 2215 3582 24.035 Mazidagi(Etifosfat)  0.5171
140 Derekdy 2003 Dereycan Samsun | CCR 9.603 51.2 48.2 442 261 1183 18.891 Vezirk6pri 0.5167
141 Armagan 1998 Kocadere Kirklareli I CCR 515 60.5 57.5 52.5 665 590 28.967 Pinarhisar 0.5146
142 Kurusaray 2009 Derekdy Sinop | CCR 45 50 45 41 154 765 17.332 Boyabat 0.5126
143 Demirdzii 2013 Lori Bayburt I CCR 61.8 445 325 215 409.75 11260 30.097 Bayburt 0.5126
144 Boztepe 2002 Kurucay Malatya | CCS 116.1 82 71 65 1270 11560 37.706 Malorsa 0.5121
145 Sille 1960 Sille Cayi Konya IF CCR 31 40 39 36 235 220 9.429 Konyal 0.5098
146 Beylerli 2005 Degirmendere Denizli I CCs 3.25 52 48 45 256 828 15.933 Bozkurt 0.5072
147 Ayvacik 2008 Tuzlagayi Canakkale IM  CCR 39 53 49 47 1190 3368 21.889 Ezine 0.5070
148 Ayvali 2007 Erkenez Cayi Kahramanmarag  IFM  CCS 85.11 103 75.5 715 500 1680 17.245 Kahramanmarag 2 0.5063
149 Gayt 1997 Gayt Cayi Bingol I CCs 40.762 36 315 255 2610 4420 19.997 Bingol 0.5046

*CCS: Clay Core Sand-Gravel, CCR: Clay Core Rock, RCC: Roller Compacted Concrete, CFR: Concrete Faced Rock Fill, HE: Homogeneous Earth, CFS: Concrete Faced Sand-Gravel, CG: Concrete Gravity
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1,000 Kilometers

L Dams have(0.50_0.7499) Suitability

E Provinces

Figure 96 Medium Suitability 149 Dams
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APPENDIX C

MULTI-CRITERIA LOW SUITABILITY SCORE DAMS

Table 14 Low suitability class: 95 dams had a suitability score of between 27% and 49.9%

Rank  Dam Name Start River Province  Perpose Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near Substation Name Suitability

Operation Type*  Capacity Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km) Score
1 Yahyasaray 1991 Konak Yozgat I CCs 25 54 47 41 12111 3436 23.832 Akdagmadeni 0.4995
2 Karacasu 2012 Dandalaz Aydin IM CFS 17.2 60 535 46.5 1389 1125 24.170 Kemerbaraj 0.4995
3 Belpinar 1984 Silisdzii Tokat [ CCR 29.63 61.16 58.16 55.16 453 2472 24.032 Turhal 0.4984
4 Yaprakli 1991 Dalaman Burdur | CCS 144.461 69.5 52.5 475 275.1 7663 29.630 Esen 0.4974
5 Kiiltepe 1983 Koskozii Kirgehir | HE 28.46 46.7 37.2 34.2 725 2778 17.563 Adagoren 0.4961
6 Orenler 1993 Karadirek Afyonkarahisar | CCs 26 30.9 249 219 628.22 3874 17.374 Sandikli Tm 0.4942
7 Sadak 2013 Kelkit Giimiighane | CCS 23.23 475 35 31 7497 35.459 Erzincan 0.4938
8 Giinesli 2014 Inderesi Manisa I CCR 8.13 42.7 36.2 332 1422 26.607 Demirgi 0.4927
9 Asar 2011 Kocadere Canakkale | CCR 3.56 45 42 38 147 870 21.859 Can 0.4907
10 Hotamis 2016 Ahi Kanali Konya | HE 55.2 15 12 10 77 26.879 Gumra 0.4903
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Table 14 (continued)

Rank  Dam Name Start River Province  Perpose Body  Reservoir  Height from Height from Normal Water ~ Full Spill  Irrigated Near Substation Name Suitability

Operation Type*  Capacity Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km) Score
11 Yedikir 1985 Tersakan Amasya | CCS 60.3 28 25.7 23.7 107 7966 15.615 Merzifon 0.4884
12 Altinapa 1967 Meram Cayi Konya IFM  CCR 32.3 315 30,5 20.5 1180 1400 14.536 Konyal 0.4876
13 Durugay 2003 Kuyma Samsun | CCS 4732 38 34.3 29.3 216 1229 15.192 Vezirképri 0.4864
14 Sariveliler 2011 Gevik Karaman | HE 9.25 335 29.5 26.5 875 1412 23570 Daran Havza Tm 0.4859
15 Yenikdy 2003 Acidz Kirsehir I HE 139 245 21 18 155.925 1425 18.633 Petlas 0.4850
16 Kestel 2012 Kestel Afyonkarahisar ~ IM ~ CCS 9.9 59 48.5 455 2061 19.604 Sandikli Tm 0.4848
17 Ceritmiminli 2012 Yaycili Kirikkale | HE 51 52 322 29.2 56.56 951 21.682 Hacilar 0.4847
18 Sultankdy 1995 Manastirdere Edirne I HE 27 28.9 26.9 23.9 45.58 7773 22.155 Kesan 0.4843
19 Kacarlar 2006 Kacarlar Tunceli I cCs 3.631 36.5 35.5 325 47.9 613 18.359 Tunceli 0.4841
20 Sarayo6zii 1989 Balikli Deresi Amasya | CCS 131 475 445 415 250 3600 21774 Merzifon 0.4786
21 Koruluk 2005 Ceviz Giimiighane | CCS 115 51 43.6 40.6 8045 4074 30.400 Gamoluk 0.4771
22 Kizderbent 2006 Omeroglu Kocaeli | HE 3.56 38 36 33 720 20.331 Yalova 0.4766
23 Derebucak 2006 Kocagay Konya | CCR 117 51.8 40.8 36.8 732 3750 30.235 Seydisehir 0.4765
24 Murataza 1993 Melendiz Nigde I CCR 74 41 38 36 55 1191 17.382 Misliova 0.4755
25 Bademli 1997 Babemli Burdur | HE 6.174 44 40 35 247 523 18.602 Tefenni 0.4744
26 Sarioglan 2006 Kestuvan Cayi Kayseri | HE 25.6 38 312 30.2 490.7 6123 35.188 Sizir 0.4742
27 Uzunlu 1991 Kozandzil Yozgat IF HE 48.23 61 50 43 62.85 7800 17.827 Bogazliyan 0.4740
28 Demirdéven 1997 Timar Erzurum | CCS 371 67.35 58 54 198 9844 37.965 Horasan 0.4739
29 Kalecik 1985 Kalecik Akarsuyu Elazig | CCR 12.5 36.6 34 30 743 900 16.126 Seyrantepe 0.4701
30 Kuigukla 1998 Asagidere Canakkale | HE 5.92 3175 29.3 271.3 796 15.967 Can 0.4699
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Rank

31
32
33
34
35
36
37
38
39
40
41

Dam Name

Palandtken
Avyitdere
Pazaryolu
Asartepe

Isiktepe
Ugtz
Mamasin
Dumluca
Medik
Agcasar
Osmankalfalar
Tahtakdpri
Kizik
Bayrmig
Aksahan
Kayapinar
Gazibey
Cavdarhisar
Selevir
Mumcular

Start
Operation
2005
2012
2014
1980
1999
2007
1962
1992
1975
1987
2003
1975
2003
1997
2013
2013
1992
1990
1964
1989

River Province
Lezgi Erzurum
Cinardere Ganakkale
Degirmendere Erzurum
Ilhan Cayi Ankara
Zugur Elazig
Ugtz Sivas
Uluirmax Aksaray
Bugur Mardin
Tohma Cayi Malatya
Yahyali Kayseri
Sevindirik Antalya
Karasu Deresi Hatay
Mictz Tokat
Karamenderesi Canakkale
Kavakdere Konya
Ozdere Kayseri
Osuguliig Sivas
Bedir Kitahya
Gali Afyonkarahisar
Kocadere Mugla

Perpose
IM

IM
|

|
IF
IF

IM

Body
Type*
CCs
HE
CCR
HE
CCs
HE
CCR
HE
CCR
CCs
CCS
CCS
CCR
CCs
CFR
HE
CCR
CCs
CCs
CCs

Table 14 (continued)

Reservoir
Capacity
157
6.78
3.02
20
447
13.74
165.8
225
22
61.7
8.19
200
7.108
86.5
46
3.795
16
388
65
19.4

Height from Height from  Normal Water

Base (m)
49
20

69.5
50
52.6
28.4
484
29.5
43
27
30.7
465
457
55.5
42
41
58.3
50.5
32
34

Thalweg (m) Level or Head

44.45 39.45
15 13
57.5 53.5
36.5 315
25.6 23.6
234 19.4
449 35.9
24 20
42 34
24 22
25.7 22.7
35.5 335
26.25 22.25
455 39.5
38 35
32 28
455 405
455 415
314 274
32 30

Full Spill  Irrigated Near
Way (m3/s) Area (hm2) Substation (km)
392.67 12038 30.901
500 1157 18.751
98.5 605 34,652
2850 22.224
51 313 15.314
85.6 989 27.863
570 23640 17.262
356 1860 23.882
3850 15842 21.079
16 15035 23.871
266.11 842 22874
2480 11900 27.462
248 1800 22.387
880 16694 27.741
170 716 33,539
100.95 637 29.451
358 2537 22520
555 5242 25.175
560 8310 16.769
598 1266 19.809

Substation Name

Erzurum3
Biga
Kuzgun
Kazan
Maden
Kangal
Aksaray
Ps_ 4 ATm
Malorsa
Yesilhisar
Tefenni
Fevzipasa Tm
Adocim
Ezine
Konyal
Kayseri_Kap
Sarkisla
Gediz Tm
Seka Tm
Yenikoy

Suitability
Score
0.4648
0.4646
0.4619
0.4612
0.4597
0.4593
0.4587
0.4586
0.4583
0.4547
0.4529
0.4516
0.4490
0.4481
0.4473
0.4455
0.4389
0.4369
0.4361
0.4358
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Rank Dam Name

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Kiiglikler
Doyduk
Ceffan
Bilytikorhan
Postalli
Saribeyler
Apa
Kozgesme
Fehimli
Serban
Caglayan
Gayhan
Seyitler
Bozarmut
Porsuk
Sirgu
Boztepe
Ugpinar
Giftlikozii
Cataldag

Start

Operation

2005
2013
1995
1992
2004
1985
1962
1998
1988
1994
2013
1994
1964
2004
1972
1969
1983
2007
2001
2008

River Province
Gavural Usak
Kalaycik Nevsehir

Ceffan Batman

Cuma Dere Bursa
Postalli Nigde
Savastepe Balikesir
Carsamba Akarsuyu Konya
Kocadere Canakkale
Fehimli Yozgat

Serban Afyonkarahisar

Yayla Konya
Gayhan Konya
Seydiler Afyonkarahisar
Devrent Sivas

Porsuk Cayi Eskisehir
Stirgii Nehri Malatya
Boztepe Akarsuyu Tokat
Delicay Kilis
Karakaya Konya
Bickidere Balikesir

Perpose
IM

IFM

Body

Type*

CCs
HE
HE
HE

CCS

CCS

CCs
HE
HE
HE

CCS
HE

CCS
HE
CG

CCs
HE
HE
HE

CCR

Table 14 (continued)

Reservoir
Capacity

10.92
13.7
6.845
6.93
3.26
15.6
171.6
4.24
11
3.35
3.85
371
40.47
43
454
70.06
14.2
457
3.36
4.96

41
24
30
36
31.2
375
30.8
21.6
23
28
33
36
27
29
64.7
57
355
28
43
345

36.3
22
26.56
23
29.2
35
29.8
23.6
17.4
26.5
31
235
26
21
49.7
55
21.3
23
36.5
26

Height from Height from  Normal Water
Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km)

32.3
19
23.56
21
26.2
30
26.8
21.6
13.4
235
27
20.5
22
18
457
49
25.3
19
335
22

Full Spill  Irrigated Near
1608 23.608
163 1452 37.272
192 400 21.184
535 707 18.032
974 620 25.297
304 2065 28.973
500 97015 19.761
504 20.550
350 1000 17.058
199 922 20.101
755 713 35.774
13853 721 20.191
450 3222 18.291
203 1010 25.984
792 24850 19.400
535 11968 34.302
240 4872 27.926
148 370 29.535
64 475 33.198
234 53 19.641

Substation Name

Gediz Tm
Kalaba
Kurtalan
Orhaneli
Bor
Balikesirl
Alibeyhtyigi
Biga
Kalaba
Afyon | Tm
Akseki
Eregli
Afyon li Tm (Salt)
Kangal
Karagdzler (Tcddy) Tm
Golbasi
Turhal
Kilis Tm
ligin
M.Kemal_Pasa

Suitability
Score
0.4348
0.4345
0.4344
04337
04318
0.4294
04291
0.4287
0.4264
0.4204
0.4163
04142
04133
04132
0.4124
0.4107
0.4105
0.4100
0.4085
0.4076
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Rank

1
72
73
74
75
76
7
8
79
80
81
82
83
84
85
86
87
88
89
90

Dam Name

Dutluca
Ulukdy
Mercan
Daridere
Catmapinar
Kirkat
Yalvag
Cogun
Balikli
Siiloglu
Ugpinar
Aydogmus
Gitli
Dokuzdere
Yalintag
Yildiz
Halilan
Kuzayca
Gokeeada
Deliilyas

Start
Operation
1992
1983
1987
1977
1994
1985
1973
1975
1999
1981
1992
1988
1992
1976
1994
1997
1981
1997
1983
1993

River

Sapoglu
Derebey Deresi
Sazlilvet Deresi

Sarisu
A.Dereboyu
Nehir Deresi

Stictllii D.

Kizilozii

Deliay
Siiloglu Deresi
Kurbagali Dere

Bogaz
GOmik
Dokuzdere
Alagorakdzli
Kayaligol
Coruk
Kuzayca
Bulyiikdere
Ulusuluk

Province  Perpose

Tokat
Amasya
Edirne

Bilecik IF

Eskisehir
Batman
Isparta

Kirgehir IF

Kilis

Edirne IFM

Usak
Konya
Amasya
Edirne
Nevsehir
Sivas
Diyarbakir
Yozgat
Canakkale I
Sivas

Body
Type*
HE
HE
HE
CCs
HE
HE
HE
CCR
HE
CCR
CCS
HE
HE
HE
HE
CCs
HE
HE
CCS
HE

Table 14 (continued)

Reservoir
Capacity
5
3.65
352
19.21
4.154
3.156
8.567
21.77
3.94
50
5.3
47
3.25
4.02
10
8.24
7.452
7.68
16.6
36

Height from Height from  Normal Water
Base (m) Thalweg (m) Levelor Head Way (m3/s) Area (hm2) Substation (km)

37
28
23.3
33.4
26.9
23.8
35.5
46
30.2
53.41
26.5
27
26
30.2
235
33
26.8
198
51
26

21.5
23
19.8
27
15.9
21
41.57
29.5
25.7
50
25.5
21
19.2
24.2
145
235
21
16.6
33
25

235
20
158
21
129
18
36.57
235
22.7
43
22.5
19
16.2
21.2
115
20.5
18
146
29
22

Full Spill  Irrigated Near
32.55 662 23.969
52.5 1190 16.007
77.61 61 16.039
220 3105 15.879
196.9 838 20.303
345 17.346
360 2062 25.786
790 3762 18.116
113 348 31.013
960 4009 18.898
4474 205 28.040
88 450 23.591
105 382 23.008
208 510 16.525
1489 1212 30.735
138 1723 36.372
409.22 670 24.441
134 1008 35.230
163 700 32.353
155 398 34.222

Substation Name

Adocim
Erbaa
Kesan

Boztiyik Tm
Cifteler Tm
Midyat

Aksehir

Kirgehir

Kilis Tm
Edigim

Akenerji Osb. Dggs
Alibeyhlyigu

Merzifon

Kesan
Nevsehir2
Sivas_Osbh

Ergani
Bogazliyan
Kumlimani

Sarkisla

Suitability
Score
0.4059
0.4006
0.4004
0.3975
0.3969
0.3932
0.3913
0.3891
0.3883
0.3876
0.3875
0.3842
0.3841
0.3840
0.3753
0.3739
0.3714
0.3616
0.3551
0.3550



Gel

Start
Operation
91  Kayabogazi 1988
92 Kadikdy 1973
93 Altinyazi 1967
94 Takmak 1984
95 Ayranci 1958

Rank Dam Name

River

Kocasu
Doganca Dervent D.
Basamaklar Deresi
Degirmendere
Kocadere Cayi

Province

Kiitahya
Edirne
Edirne

Usak

Karaman

Perpose

IFM
IFM
IF
|
IF

Body
Type*
CCs
HE
HE
HE
HE

Table 14 (continued)

Reservoir
Capacity
37.84
56.5
36.764
3.06
30.9

Height from Height from  Normal Water
Thalweg (m) Level or Head Way (m3/s) Area (hm2) Substation (km)

Base (m)
45
378
271
245
36

38
34
235
19.5
34

31
30
20.5
16.5
31

Full Spill  Irrigated Near
1780 6103 26.493
46.3 4451 17.021
170 7524 22.869

237 35.044
500 5438 38.204

Substation Name

Tungbilek Ts(Tutes)
Kesan
Kesan
Akenerji Osb. Dg¢s
Karaman_Osb

Suitability
Score
0.3545
0.3537
0.3414
0.3110
0.2770

*CCS: Clay Core Sand-Gravel, CCR: Clay Core Rock, RCC: Roller Compacted Concrete, CFR: Concrete Faced Rock Fill, HE: Homogeneous Earth, CFS: Concrete Faced Sand-Gravel, CG: Concrete Grav
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