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1. EXECUTIVE SUMMARY
AKSA ENERJİ ÜRETİM A.Ş. is proposing to construct a 781.2 MW natural gas driven
power plant in Antalya in order to meet the increasing power demand in the region. The
Company acquired approximately 120 ha of land neighboring the organized industrial district
of Antalya.
This Environmental Impact Assessment (EIA) is to provide information on the potential
negative and positive environmental and social impacts of the project. It also aims to make
recommendations for the mitigation of the potential negative impacts and enhancement of the
positive ones. A field survey of the project site was conducted and potential environmental
impacts of project activities were identified, assessed, and documented. The EIA Team carried
out consultations with various stakeholders, particularly lead agencies, local authorities and the
affected people.
Both the Turkish and World Bank's social safeguard policies have been considered during the
assessment. The EIA study has been carried out according to requirements of the current EIA
Regulation of Turkish Government (Official Gazette, No: 26939, 17.07.2008) and the
Environmental Assessment Policies and Procedures of the World Bank OP 4.01 Environmental
Assessment (Annex B - Content of EA and Annex C - Environmental Management Plan). Aim
of the EIA study is to meet both the requirements of the Turkish EIA Legislation and World
Bank for a "Category A" Environmental Assessment Study (OP 4.01 Annex B Content of an
EA Category A Report). For this purpose, EIA has been prepared according to the special EIA
format regarding the requirements of the World Bank and Turkish Ministry of Environment and
Forestry. The proposed project meets both the requirements of the World Bank and Turkish
Ministry of Environment and Forestry. This EIA study has been conducted by ENÇEV.
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1.1Project Description
The intended power plant will comprise 2 units of 262.6 MW SIEMENS SGT5-4000F gas
turbines and 1 unit of 256 MW SIEMENS Steam Turbine, yielding a total capacity of 781.2
MW, which will be operated as combined cycle turbines that will be driven by natural gas only.
The plant will be constructed near the organized industrial district of Antalya. The plant will
cover a land of 100,000 m2.
1.2 Project Impacts
The potential ecological impacts identified in the operation of the power plant are: (i) water
pollution related to disposal of domestic solid wastes generated by the personnel and domestic
wastewater generated by the personnel, (ii) water pollution from oil type wastes and/or spills
used for the maintenance of equipment (iii) noise pollution resulting from the operation of
turbines and other equipment (iv) air pollution resulting from the stack emissions during energy
generation. All those wastes with potential impacts on the environment will be treated with
most recent technology available in accordance with the relevant national and international
legal framework. The positive impacts that will be benefited from the project are basically the
additional power availability and reliability in the region which is currently experiencing
frequent power outages. The impact of power reliability will improve infrastructural conditions
for further investments, basically related to tourism sector, in the area. Accordingly, this will
enable increased employment opportunities to the youth in the area and hence help to improve
the social well being also with improved life standards due to satisfactory electricity supply.
The project will contribute positively to air and noise quality of the whole Antalya region by
replacing the existing distributed diesel driven high speed generating sets with a modern
centralized combined cycle power plant. This will bring economical advantages by the
reduction of the energy costs to end users which are mainly in tourism sector.
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1.3 Recommendations
A number of mitigation measures are recommended against the adverse activities during the
construction and operation phases of the project. Measures recommended during the
construction phase include control of noise pollutions from heavy equipment and vehicles
through proper inspection and maintenance, and use of noise suppressors or mufflers for heavy
equipment, control of air pollution from construction works and movement of vehicles through
proper inspection and maintenance to reduce exhaust emissions, watering of unpaved roads,
control of adverse impacts from construction debris by proper handling and immediate
removal, control of water pollution through proper storage and handling of oil wastes and
treatment of wastewaters at site, control of solid wastes through sanitary storage and frequent
collection for sanitary disposal. Quality of air and water will be monitored on a regular basis
where noise will be measured periodically. While during the operation phase, emphasis has
been on the control of; emission levels which will be treated with the use of gas turbine
equipped with dry low-NOx technology, noise pollution (particularly for the workers) which
will be treated with building a noise insulated power room and satisfactory maintenance of
related equipment, possible water pollution from oil wastes which will be treated with
employing proper handling and storage of oils/oil wastes and stringent management of oil
spills, all of which will be assured with periodic monitoring of noise and emission levels and
drinking water quality. All precautions against fire accidents and electrocution will also be
taken. In all phases occupational health and safety will be carefully considered and controlled
through continuous inspection to prevent disease and accidents, and workers will undergo an
environmental and safety briefing on safety, sanitation measures, and emergency rescue
procedures before development begins. Adequate sanitary facilities, potable water, and garbage
bins will be provided. From the study findings, it has been concluded that the impacts of the
proposed project are minor and easily mitigable. The developer is strongly advised to
implement the recommendations made by the EIA Team.

2. POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK
10

2.1 Policies
This chapter discusses the policy, legal and institutional arrangement/ framework within which
this EIA was drawn.
2.1.1 National Environmental Impact Assessment Regulation
The Turkish Environmental Impact Assessment (EIA) Regulation (Official Gazette No: 26939,
17.07.2008) was enacted in view of the national environmental policies as a result of the
accepted need of identifying environmental impacts of the defined types of plants, before they
are realized. The EIA process in Turkey starts with applying to the Ministry of Environment
and Forestry (MoEF) with a file prepared according to the General Project Presentation Format
given in the Annex IV of the EIA Regulation, designed for projects under the categories
defined in Annex I of the regulation. Following the receipt of the format specific to the project
form MoEF, the EIA study has to be completed and submitted to MoEF in one year time. For
the projects that fall under the categories defined in Annex II of the EIA regulation, the Project
Presentation file has to be prepared and application has to be made to MoEF and/or the
Governorship. The specific format for the EIA study will be given after the public involvement,
scope and identification of the specific format meetings. Thermal power plants which require
an EIA report are specified in Annex I of the EIA regulation as:
Article 2- Thermal power plants
a) Thermal power plants and incineration systems with a total thermal power of 300 MWt
and over.
This EIA has been prepared in strict compliance with the requirements of the Turkish
environmental regulations.

2.1.2 World Bank Policy on Environmental Assessment (OP 4.01)
The World Bank requires EIA of projects proposed for Bank financing to help ensure that they
are environmentally sound and sustainable in order to improve decision making of the Bank on
11

the project. The Environment Strategy outlines the Bank’s approach to address the
environmental challenges and ensures that Bank projects and programs integrate principles of
environmental sustainability. This study is in line with the Bank's requirements. The Bank's
guideline regarding the conduct of an EIA has been adequately followed by the EIA Team.

2.2. Legal and Regulatory Framework

The relevant laws that promote environmental management in Turkey have been adequately
reviewed and applied by the EIA Team including the following:


Regulation on Prevention and Control of Industrial Air Pollution (Date: 22.07.2006,
No: 26230)



Regulation on Assessment and Management of Environmental Noise Pollution (Date:
01/07/2005, No: 25682)



Water Pollution Control Regulation (Date: 31.12.2004, No: 25687)



Regulation on Water for Human Consumption (Date: 17.02.2005, No: 22730)



Solid Waste Control Regulation (Date: 14.03.1991, No: 20814)



Environmental Impact Assessment regulation (Date: 17.07.2008, No: 26939)



Regulation on Control of Hazardous Wastes (Date: 14.03.2005, No: 25755)



Regulation and Guidelines on Occupational Health and Safety (Work Law No: 4857)



Regulation on Control of Waste Oils (Date: 30.07.2008, No: 26952)



Groundwater Law (Date: 23.12.1960, No: 10688)



Electricity Market Law (Date: 20.2.2001, No: 4628)



Natural Gas Market Law (Date: 18.4.2001, No: 4646)



Environment Law (Date: 9.8.1983, No: 2872)



Regulation on Control of Excavation Soil, Construction and Debris Waste (Date:
18.03.2004; No: 25406)



Related EU Directives



Related International Conventions (as summarized below)

Bern Convention on Protection of Wildlife and Natural Habitats
12

This convention aims to protect the wild plant and animal species together with their natural
living environments, putting special emphasis on the endangered species. Turkey has become a
party to the Convention on 1984.

Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES)
CITES Convention has developed a system which set up a condition of government permission
for the trading of endangered species of wild fauna and flora. Turkey has become a party to the
Convention on 1996.

Ramsar Convention on Wetlands
The basic aim of the Convention is to emphasize the fact that ‘wetlands are important
economic, cultural, scientific and social resources and their loss is irreversible’. Turkey has
become a party to the Convention on 1994.
Biodiversity Convention (Rio Conference)
The Convention establishes three main goals: the conservation of biological diversity, the
sustainable use of its components, and the fair and equitable sharing of the benefits from the
use of genetic resources. Turkey has become a party to the Convention on 1997.

Convention Concerning the Protection of the World Cultural and Natural Heritage Paris
The convention considers adoption of new provisions in the form of a convention establishing
an effective system of collective protection of the cultural and natural heritage of outstanding
universal value, organized on a permanent basis and in accordance with modern scientific
methods. Turkey has become a party to the Convention on 1983.
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The Protocol for the Protection of the Mediterranean Sea against Pollution
The Convention aims to protect the Mediterranean Sea against all sorts of pollution by the
Mediterranean countries. Turkey has become a party to the Convention on 1981.
Convention on Control of Transboundary Movements of Hazardous Wastes and their Disposal
The convention aims to protect human health and the environment against the adverse effects
resulting from the generation, management, transboundary movements and disposal of
hazardous and other wastes. Turkey has become a party to the Convention on 1994.
Convention on Long-Range Transboundary Air Pollution
To create an essential framework for controlling and reducing the damage to human health and
the environment caused by transboundary air pollution. Turkey has become a party to the
Convention on 1994.
2.3 Institutions
The related institutions related to the installation of a new natural gas driven power plant are
listed as below:
• Ministry of Environment and Forestry
• Ministry of Energy and Natural Resources
• Ministry of Labor and Social Security
• Ministry of Industry and Trade
• Electricity Market Regulation Authority
• State Planning Organization
• General Directorate of Petroleum Works
• General Directorate of Petroleum Transmission Lines Co.
• Power Resources Development Administration
• General Directorate of Turkish Electricity Transmission Lines Co.
These institutions listed above are actually the stakeholders that form the framework conditions
for encouragement and support of power market.
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3. PROJECT DESCRIPTION
The proposed plant consists of 2 units of 262.6 MW SIEMENS SGT5-4000F gas turbines,
heat recovery steam generator, 1 unit of 256 MW SIEMENS Steam Turbine, cooling tower
and main stack yielding a net total capacity of 781.2 MW, which will be operated as
combined cycle turbines that will be driven by natural gas only.
The structures and buildings in the plant will be as followed:










Gas turbine building/power house
Steam turbine building/power house
Heat recovery steam generator with stack,
Gas turbine’s main unit transformers and auxiliary transformers
Steam turbine’s main unit transformers
Electrical and electronic/control container
Water treatment plant building
Cooling tower cells with main cooling water pumping station and associated chemical
Auxiliary boiler

The proposed power plant will not use materials that are classified as hazardous or toxic during
the construction and operational phases of the project.
Oil tanks will be isolated with concrete lining to prevent any leakage and the waste oils,
generated less than 10 m3/year, will be removed by a licensed hauler.

3.1 Project Location
The plant will be installed in Antalya city, Selimiye village, Surutme district covering a total
of 120000 m2 on surveyed land, neighboring the Antalya Organized Industrial District. The
general location of the power plant is illustrated in Figure 1.
The nearest residential area is at approximately 3 km distance from the power plant. The project
site is identified as agricultural land in the land registry. The plant layout, road map and the
1/25000 scaled map showing the plant site is shown in Figure 2. The site is reached by land
road which takes approximately 25 km from the Antalya City center and it is right next to the
Antalya-Burdur highway.
15

Figure 1.Location of the Power Plant
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Figure 2.Plant Layout

The land registries show that the land is owned by AKSA ENERJİ ÜRETİM A.Ş.
3.2 Fuel
The plant will be operated as combined cycle turbines that will be driven by natural gas only.
The overall net efficiency improves from 38% for simple cycle operation to 57% for combined
cycle operation.
Beside the commercial benefit through the additional power generation an environmental
improvement happens as well, because the percentage of CO2 / generated MWh increases
17

significant.
The natural gas will be taken from the national natural gas transmission lines at a 4 km distance
from the plant. The natural gas will be piped directly to the system with branching from the
main line without intermittent storage.
Natural gas is a mixture of light molecular weight hydrocarbons (C1-C5) such as methane
(CHH), ethane (C2), and propane (C6H384). A major portion of natural gas is methane. It may
be found in underground alone, or as gas on top of petroleum reservoirs, or as dissolved in
petroleum. Like petroleum, natural gas is present in the microscopic pores of rocks and it
reaches the production wells flowing through the rocks. Natural gas is separated from the heavy
hydrocarbons on surface. Natural gas is the cleanest fossil fuel that is used for domestic
purposes. When natural gas is burnt, CO2, water vapor and NOx are formed. The composition
of natural gas is given in Table 1.
Natural gas is an odorless, smokeless, economical, high efficiency, clean and environmental
friendly gas which is free from toxic materials.

The utilization of natural gas has been

increasing among other energy resources and it is anticipated that it will continue to be an
alternative energy resource in the 21. Century. The share of natural gas grown to 22,5 % in 1982
from 16 % in 1960s, whereas the share of solid fossil fuels dropped to 32 % from 52 % in the
same

time

interval.

This

trend

is

likely

to

be

followed

in

the

future.

Table 1.The Composition of Natural Gas
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3.3 Gas Turbines
Thermal energy is produced in the existing Siemens Gas Turbines type SGT 5 PAC 4000F
through the combustion of natural gas, which is converted into mechanical energy that drives
the combustion turbine compressors and electric generators. Each gas turbine system consists of
a stationary combustion turbine generator, supporting systems, and associated auxiliary
equipment (see Figure 3: Schematic gas turbine section). The gas turbine will be equipped with
but not limited to the following required accessories to provide safe and reliable operation:


Inlet air filters



Metal acoustical enclosures



Double lube oil coolers



Dry low NOx combustion system



Compressor wash system



Fire detection and protection system

Figure 3.Schematic gas turbine section, source: SIEMENS-Westinghouse

3.4 Heat Recovery Steam Generator (HRSG)
The HRSG transfers heat from the exhaust gas of the gas turbine to the feed water, which is
turned into steam. The concept applied herein is based on a three-pressure, natural or forced
circulation unit equipped with inlet and outlet ductwork, insulation, lagging, and separate
19

exhaust stack.
The concept of the condensate/feed water heating/deaeration system used herein is based on the
classical concept, i.e. having a feed water tank/deaerator.
Major components of the three-pressure level HRSG include a condensate preheater, Low
Pressure (LP) drum, LP superheater, Intermediate Pressure (IP) economizer, IP evaporator, IP
drum, IP superheaters/ reheaters, High Pressure (HP) economizers, HP evaporator, HP drum,
and HP superheaters. In the conventional set-up the condensate preheater receives condensate
from the condenser hot well via the condensate pumps and forwards it to feed water
tank/deaerator. Feed water is pumped through the economizers by feed water pumps of different
pressure levels. The condensate preheater is the final heat transfer sections to receive heat from
the combustion gases prior to their exhausting to the atmosphere.
Feed water from the HP boiler feed pump is sent to the HP section of the HRSG. High-pressure
feed water flows through the HP economizers where it is preheated prior to entering the HP
steam drum.
Within the HP steam drum, a saturated state will be maintained. The water will flow through
down comers from the HP steam drum to the inlet headers at the bottom of the HP evaporator.
Steam will be formed in the tubes as energy from the combustion turbine exhaust gas is
absorbed. The HP saturated liquid/vapour mixture will then return to the steam drum where the
two phases will be separated by the steam separators in the drum. The water will return to the
HP evaporator, while the vapour continues on to the HP superheater. Within the HP
superheater, the temperature of the HP steam will be increased above its saturation temperature
(superheated) prior to being admitted to the HP section of the steam turbine.

20

Figure 4.Schematic heat recovery steam generator (HRSG)

Feed water will also be pumped to the IP section of the HRSG by the IP boiler feed pumps.
Similar to the HP section, feed water will be preheated in the IP economizer, and steam will be
generated in the IP evaporator. The saturated IP steam will pass through an IP superheater and
then be mixed with “cold reheat” steam from the discharge of the steam turbine HP section. The
blended steam will then pass through two additional IP superheaters reheating the steam to a
superheated state. The “hot reheat” steam will then be admitted to the steam turbine IP section.
Feed water from deaerator will be forward direct to the LP steam drum. The steam will be
separated in the LP drum and super-heated in the LP superheater. The superheated LP steam
will then be admitted to the LP section of the steam turbine along with the steam exhausting
from the steam turbine IP section.
21

The condensate will be preheated prior entering the feed water tank/deaerator for better
degasification.
Main cooling water diagram is shown in Annex-4.
Exhaust gas from the HRSG will be discharged via exhaust stack.

3.5 Steam Turbine
The steam turbine system consists of the HP, IP and LP turbine section with gland steam
system, lubricating oil system, hydraulic control system, and steam admission/induction valves
(see Fig.5: Schematic steam turbine section).
For the three-pressure concept, steam from the HRSG HP, IP, and LP superheaters enters the
associated steam turbine sections through the inlet steam system. The steam expands through
multiple stages of the turbine, driving the generator. After exiting the turbine, the steam is
directed into the surface condenser usually below the turbine.

Figure 5.Schematic Steam Turbine Section, source: Siemens
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The main operating data is shown below in Table 2.

Table 2.Main operating data

The Water-Steam diagram is shown in Annex 3.

3.6 Induced Draft Cooling Tower
The induced draft cell type units are of the counter flow type, consisting of 14 - 16 identical
cells, arranged in one row (see Figure 6: Scheme of wet type cooling cell).
Air at ambient temperature is drawn into the base of the tower through two large openings on
each long tower side. The air is used as the cooling medium for reducing the temperature of the
circuit water.
As the air is induced vertically through the cooling tower internals it comes into contact with
low fowling film package which exposes a maximum surface area of water to the cooler air
draught, thus transferring the heat from the water to the air by evaporation.
Axial fans at the top of the cooling cells induce the required amount of air through the tower
and an inclined series of eliminators fitted above the water distribution level ensures that any
stray droplets of water which would otherwise be carried out of the cooling tower with the air
stream are forced to impinge on the inclined surfaces within the eliminator and fall back into the
cooling tower basin.
23

Figure 6.Scheme of wet type cooling cell

3.7 Main Stack
The HRSG- stacks are directly after HRSG (horizontal HRSG) and are made of steel with heat
insulation and outside cladding. The wall thickness will be defined by the static calculation. The
inner diameter will be app. 7m. A ladder up to the top with safety devices allows access for
maintenance. Emission measurements are mounted at suitable location. The stack height is
defined to be 62 m. According to the dispersion calculation for flue gases and its contaminants
(see Annex-2, Air Pollution Modelling), the height is sufficient.

3.8 Construction Activities
The construction works will be completed in 1,5 years. The economical life of the plant is
estimated as 30 years. The project time table is given in Table 3.
The numbers of workers to be employed during the operation phases are given in Table 4. In the
operation phase personnel will be a total of 37workers.
24

It is planned to work in 3 shifts. In the operation phase 37 people will work in the plant. In the
operation phase it is planned to arrange the working hours as 667 hours per month and for 12
months a year. Hence the plant will be able to work in full capacity.
National Occupational Health and Safety Regulation will be strictly complied during the
construction and operation phases of the Project.

Table 3.Project Timetable of the Power Plant
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Table 4.Number of Workers per Activity

3.9 Water Usage
The plant will consume water for the process and cooling. The cooling and process water will
be supplied from the water channels connected to Kırkgözler water resources. State Hydraulic
Works will determine the point of supply from the channels.
For the domestic water usage by the plant’s personnel, the water will be supplied from wells to
be drilled on and around the site.
The cooling water system will be of the closed circulating water type. Waste heat transmitted
from the main condenser and from the closed cooling system into the circulating water will be
extracted through a cooling tower system consisting of 14 - 16 cells. Re-circulation will be
provided by the main cooling water- and auxiliary cooling water pumps.
Water losses in the closed circulating system - mainly due to evaporation and blow-down – will
be refilled by the make-up water system.
The main cooling water pump station is arranged as an extension to the cooling tower basin in a
pit shape. The cooling water will be conveyed by the pumps to the condenser and the auxiliary
cooling system heat exchangers.
Without treatment and dosing measurements the quality of the extracted raw water will not be
26

suitable for the cooling water system refilling and cooling purposes. Therefore water for cooling
purposes shall be treated as follows:


Filtration of raw water



Dosing into make-up water of biocide or chlorine for the prevention of organic growth
within the cooling system.



Sulphuric acid and anti-scaling inhibitor dosing into the cooling water circulation
system for pH control and to avoid scaling on the components, e.g. cooling tower and
heat exchangers.

3.9.1 Water Treatment
The water treatment unit supplies treated water for Siemens CCPP. The treatment technology is
proven anion/cation exchanger technology.
The water plant consists of followings;
1. Pre-treatment unit
2. Anionic and cationic ion exchanger columns
3. Degasifier unit
4. Mixed bed columns
5. Neutralization unit
There are three different quality water produced at the plant, because of production costs of the
different quality levels.
High conductivity water for (Poor quality)
Cooling towers make up water
Semi conductivity water for (Good quality)
Turbine evaporative cooling system make up
27

Low conductivity water for (Best quality)
Boiler make up water

3.9.2 Wastewater
According to present situation of design and general components of waste waters no special
chemical or biological waste water treatment is foreseen. As there is a small likelihood of
contamination of surface waters with oils and greases, these waste waters are conducted via an
oil separator. The waste waters will finally be discharged from “Discharge water terminal” at
site via an existing line where the outflow from existing site-WWTP is installed. All required
measurements will be installed to assure quality below emission limits.

4. ENVIRONMENTAL BASELINE DATA
This chapter provides information on the physical, biological and socio-economic elements of
the environment, which shall be used as benchmarks for future monitoring. The area considered
for assessment of baseline conditions span the whole Antalya region which will be large enough
in extent to include all potential impacts from the proposed project. Data were obtained as a
result of literature and field surveys.
4.1. Physical Environment
4.1.1 Geology and Geomorphologic Characteristics
4.1.1.1. General Geological Structure
Stratigraphic and formational characteristics have been identified, the 1/25000 scale maps have
been partially completed and the 1/100000 scale geological map of the region has been
prepared. There have been hundreds of naming studies conducted in the West and Middle
Taurus Mountains.
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In order to form a uniform legend, the naming for similar rock types of similar ages have been
unified in an appropriate approach and this has sometimes led to exceptions. The study area
placed in the Antalya gulf (West Taurus Mountains) houses Antalya nappes and the
Myocenequaternary ranged plant covers that cover the Antalya nappes stratigraphically.

4.1.1.2. Stratigraphy
Beydagları Formation which represent the autochthonic rock units are placed in the north of the
region. Beydağları and Antalya Miocene basins are developed partly independent of each other,
and Antalya Upper Miocene-Pliocene basin which is developed totally independent from the
others make up the main Antalya Neogene basin.
The rock units of the Beydağları Miocene basin of Western Taurus start with; the Aquitanian
Karabayır Formation which consists mainly of limestons with Rhodophyta and continue with
the Burdigalian and Langhian Karakuş Formation consisting of flysch type sediments and the
overlying deltaic conglomerate. This formation, which fills the basin, has been developed
during the Middle Miocene while the Lycian nappes were thrusting.
The Antalya Miocene basin in the west of Middle Taurus lies between the Beydağları and
Anamas-Akseki platforms. The basin consists of the Aksu Formation which includes
terrigenous conglomerate-siltstone, marine; conglomerate-sandstone and reef limestone lenses;
the Oymapınar Limestone of mainly reef limestone; the Çakallar Formation consisting of
limestone breccia and packstone alternated with clayey limestone; the Geceleme Formation of
limy claystone -sandstone alternation; and the Karpuzçay Formation which is composed of
shalesandstone-conglomerate alternation with occasional volcanic tuff interbeds.
This sedimentation period started in Upper Oligocene and ceased in Upper Tortonian as the
basin was compressed first towards the-west and later towards the south by the Aksu phase. In
the area elevated by this compression, the Taşlık Formation consisting of clayey limestone
limestone-blocky conglomerate (some are gypsum) has been deposited locally in Lower
Messinian.
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The Antalya Upper Miocene and Pliocene basin lies in the west of Middle Taurus. It appears in
the south of the Aksu valley and along the Mediterranean coast as a post-tectonic unit. The
Messinian Eskiköy Formation of conglomerate-sandstone, the Gebiz Limestone sometimes
reefal showing lateral gradation into the Eskiköy Formation, the Yenimahalle Formation of
Lower and Upper Pliocene age including limy claystone -sandstone, and the Upper Pliocene
Alakilise Formation which consists of sandstone with volcanic tuff and conglomerate make up
the rock succession of this basin.
Geological map of the project area and its close vicinity of 1/100 000 scale is given in Figure 7.

Figure 7.Geological Map of the Project Area (1/100 000)

Beydagları autochthons
Beydağları which represent the autochthons of the West Taurus mountains, are generally
composed of platform-type sediments. The study area consists of, from bottom to top, UpperMiddle Triassic aged Kuyubası dolomite, Beydaglari formation that is composed of Jura30

Kretase

aged neritic limestones, danien aged Camlıdere olistostrom, Upper Lutessian-

Prabonien aged limestone, Karakustepe formation formed from sandstone, claystone and silt
stones.
TRIASSIC
Kuyubası Dolomite
The Upper- Middle Triassic aged formation form from old thick dolomites was named by
Gunay et al. (1982). The surface mostrals of the Kuyubasi dolomite correspond partially to the
Mentese dolomites and Leylek limestones on-bserved in the northeast and east. The unit
consists of massive, middle thickness, dark grey colored, coarse particle and sometimes finemiddle particle, spread dolomites. Dolomite limestones can also be observed spead in these
dolomites. The unit is transitive to Beydagi formation on the top side. The unit has been
observed to be 2200 m thick. Involutina sp. was identified in the dolomite exploration along
with the Megalodon sp. on the upper levels. Kuyubasi dolomite sedimented on shallow
carbonate self environment.
JURA-CRESTACEOUS
Beydağları Formation
Upper Cretaceous carbonates of the middle-northern part of the Bey Dağları autochthon
(between Elmalı and Çamlıdere) show important sedimentary breaks and facies changes with
respect to evolution of the platform. Biostratigraphic studies on the Upper Cretaceous
carbonates indicate deposition in neritic, hemipelagic and pelagic environments.
The Upper Cretaceous sequence of the middle-northern part of the autochthon is represented by
two formations. The Bey Dağları Formation comprises thick neritic limestones at the base and
thin

hemipelagic

limestones

at

the

top.

Approximately

700

m

thick,

middle

CenomanianConiacian neritic part consists of shallow water platform limestones, which
deposited in peritidal environment. 26 m thick, Coniacian-Santonian hemipelagic limestones
gradually overlie the neritic limestones. Thin to middle bedded cherty pelagic limestones of the
Akdağ Formation reach to the total thickness of 100 m and disconformably overlie the different
stratigraphic levels of the underlying Bey Dağları Formation. The pelagic marls of the
Paleogene, which locally begin with a pelagic conglomerate levels, disconformably overlie the
different stratigraphic levels of the Upper Cretaceous sequence. Two rudist formations have
been observed in the neritic limestones. The lower rudist level observed in the eastern slope of
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the Katran Dağ is mainly composed of caprinids (caprinid-radiolitid lithosome). The rudist
fauna comprises Ichthyosarcolites bicarinatus (Gemmellaro), Ichthyosarcolites triangularis
Desmartes, Caprina schiosensis Boehm, Neocaprina gigantea Plenicar, Schiosia cf. schiosensis
Boehm, Sphaerucaprina woodwardi Gemmellaro, Durania sp., Radiolites sp., Sauvagesia sp.
and unidentified radiolitids, which indicate Middle-Late Cenomanian. Corals and gastropods
accompany the rudist fauna.
Upper rudist level is dominated by hippuritids and found near the top of the platform limestones
(hippuritid-radiolitid lithosome). The fauna is represented by the dominance of Vaccinites
praegiganteus (Toucas), which is accompanied by rare Vaccinites inferus (Douvillé), Hippurites
socialis Douvillé, Hippuritella resecta (Defrance) and radiolitids.
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Sr/86Sr values of well-preserved low-Mg calcite of the shells of V. praegiganteus show that the

age of this level is of Late Turonian. The upper rudist level, which prominently occurs in the
Korkuteli area, is observed in the stratigraphic sections measured in Büyükköy, Kızılağaç and
Peçenek Boğazı throughout the northern part of the platform. Pseudorhapydionina
dubiaPseudorhapydionina laurinensis, Chrysalidina gradata-Pseudolituonella reicheli and
Nezzazatinella picardi-Psudonummoloculina heimi biozones have been identified, which
correspond to Middle-Upper Cenomanian, uppermost Cenomanian-lowermost Turonian and
Middle- Upper Turonian respectively

PALEOCENE
Camlıdere Olistostrom (Tpc)
The formation was named by Poisson (1977). It consists of limestone marn, claystone and
sandstone on the bottom and olistolite particles of various sizes on the top. The base of the unit
has rock types such as middle-thin, beige, cream, gray, yellow, pink colored limestone, marn,
claystone, siltstone, kalkarenite, and sandstone. On top of it there is the Antalya nappes and
turmis olsitostrom of the Beydaglari formation. This high level matrix has a caotic character on
the upper levels which is sometimes sandstone-claystone and sometimes conglomerate. The
thickness ranges between 0 -200 m. The unit is assumed as Danien aged. The formation
sedimented in the active basin environment on the front of the Antalya nappes.
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EOCENE
Kucukkoy Formation
The formation was named by Poisson (1977). It consists of claystone marn, siltstone, sandstone,
clayey-sandstone and limestone. It is hard to distinguish the Kucukkoy formation due to the
similarity to the Paleocene-Sub Eocene aged rocks and tectonics. The formation consist of
middle thin, thick layered, white, yellow, grey, beige, greenish grey, pink and red colored
calcarenite, sandstone, limestone and middle level claystone, siltstone, marn, and
clayeylimestone rock types. Conglomerates can be observed on the bottom layers. The
thickness of the unit ranges between 0-500 m. The formation is Upper- Lutessian-Priabonien
aged. It sedimented in slope-basin environment.
MYOCENE
Karabayır Formation
The formation forming from algae limestone was named by Poisson and Poignot (1974). The
formation can be observed also in the Antalya nappes on the South of Sutculer. The unit
consists of middle-thick layered, grey, beige, cream, yellow, and dark gren algae limestones.
Conglomera or conglomeratic limestones can be observed on the bottom. Coral masses are
observed in parts where algae are less dense. The formation ends with clayey limestones on the
top. Its maximum thickness is 400 m. The formation is Akitanies Sub Burdigalien aged. It
sedimented in shallow carbonate self environment.
Karakustepe Formation
The formation generally forming from consequtive lining of sandstone, claystone and siltstone
was named by Poisson (1977). The formation can be observed also in the Antalya nappes on the
South of Sutculer, where it is dominated by claystone. The unit consists of consecutive
thinmiddle-thick layered, grey, gren, beige, light Brown sandstone, claystone and siltstone.
Clayeysandy limestone, conglomer, marn types can also be observed in the unit. The maximum
thickness is 600 m. It is Burdigaliyen aged and also corresponding to Sub Langien. It
sedimented on slope-basin environment with heavy turbid streams.
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ANTALYA NAPPES
Antalya nappes were identified by Lefevre (1967). It was categorized as Lower Nap (Cataltepe
unit), and Upper nap (Tahtalıdağ unit) and then re-categorized as Cataltepe nap, Alakırcay nap,
Tahtalıdağ nap ve Tekirova ofiyolit nap by Senel et al. (1992,1996). In the study area, the
Alakırcay nap, Tahtalıdağ nap ve Tekirova ofiyolit napa are surfaced. The Alakırcay nap
formed from Alakırcay and Kumluca units, is structurally located on Cataltepe nap and below
the Tahlalıdag nap. The Alakırcay nap named by Senel et al. (1981) is Anissien-Norien aged. It
consists of overlaying Halobiali micrite, radyolarite, cort, planty sandstone and pillow shaped
basalt, spilite type of rocks on vertical and horizontal directions. It has a chaotic structure due to
fractures, which hardens identification of formations within the unit. It is Upper AnissienNorien aged. It sedimented on basin environment. It consists of the Gokdere, Candir and
Tesbihli formations.
Gökdere formation
This formation occupies an area of 35 km. In many parts of the area the formation occurs in the
uppermost levels of the Triassic rhythmic series. The formation consists of platy limestones
containing silica nodules. Thickness of the formation is between 400-600 m. Limestones, which
are whitish to milky-white-colored or pinkish to gray-colored, contain silica lenses; in places
radiolarite layers can be observed within these limestones. This formation—which horizontally
or vertically grades into radiolarites in the lower part—shows gradual transition into sandy
limestones in the Körler Mahallesi, situated in the north of the area. In the eastern part of the
area, in the vicinity of Gökdere, Deveboynu Geçidi, platy limestones which show lateral
transition and are interbedded with radiolarites were observed. The radiolarites contain
abundant Halobia, Daonella and small Ammonites and are overlain by marly limestones and
sediments with plant remains; the contact is abnormal since the formation is thrust here over the
Upper Cretaceous and limestone beds.
Thin sections of fine-grained limestones with silica nodules were examined and the presence of
the following fossils was established: Nodosaria sp., Glomospira sp., Duostominidae, Radiolaria
sp., spicules, and pelagic lamellibranch fragments. Erol Öngüç, who determined these fossils,
assigned them to a Triassic age. Macrofossils, such as Halobia, Daonella, and Ammonites
(Ceratites sp.), were also found.
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Sedimentological study of the thin sections of some samples showed that the rock is
biocalcilutite (or aphanitic limestone). Biomicrite is generally well sorted and contains
Radiolaria, Nodosaria and other small, deep-sea Foraminifera scattered in an orthochem
consisting of thick calcareous ooze.
Dolomitization is very slight and secondary calcite mosaic and stylolite structures, which do not
change the original texture of the rocks, are also observed. Study of the rocks shows that calm
marine conditions predominated in this area. Alternations of thin limestone, radiolarite and
sandstone beds reach sometimes several hundred meters of thickness. The Gökdere formation
appears here as an anticline which is overlain by the white-colored and semicrystalline Karadağ
limestones; the contact between the two formations is slightly faulted.
Going upward the boundary between the sandstone facies and the limestones is characterized by
a gradual transition. This is a somewhat different form of rhythmic series. The area is
characterized by numerous minor faults. In the limestone blocks, occurring within the lower
portion of the limestone strata, silicified and brecciated parts are observed. Sedimentological
study of the thin sections showed that the rock is mainly unconsolidated biomicrite containing
radiolaria and pelagic lamellibranch fragments. Irregular calcite veins of various thicknesses are
encountered in this formation.
Çandır formation
The Çandır formation covers an area of about 27 km. Going from the west, exposures of this
formation are also observed at the northern and western flanks of Erendağ, in the vicinity of
Çandır Mahallesi, between Çınarcık and Armutçuk, north of Menekişler, east and west of
Girevit Dağ, in Gedeller Mahallesi, north of Sivridağ, west of Tahtacı and Körler Mahallesi, and
on the coastline west of Dinek Çeşme.
Çandır formation overlies conformably the Permian limestones and is overlain, in turn, by a
radiolarite-bearing chert formation. No fossils were found in the Çandır formation; it contains
numerous sills of extrusive submarine lavas. Although plant remains were encountered in some
of the layers they could not be determined.
The formation is generally thick-bedded and grades into sandy limestone beds. In some
35

localities, this formation alternates with radiolarite beds, while in the upper parts it gradually
alternates with platy limestone beds. It occurs in the lower part of the thick Triassic rhythmic
series, and its thickness varies between 300-600 meters. In the middle part of the formation
alternations of marls and limestones are observed.
Çandır formation, which generally occurs on the flanks of the hills, consists of sandstone, sandy
limestones and marls. Sandstone, which is dominant, occurs in the form of beds attaining some
100 cm in thickness. However it is thin-bedded when occurring in alternation with greencolored marls and silicified layers. The beds are generally yellowish, brown or sometimes graycolored.
The sandstone layers, which overlie the Permian limestones and dolomites west of Dinek
Çeşme along the coastline, are hard,-yellowish in color, and contain plant remnants; ripple
marks are also observed. Sandstone layers are conformable with the Permian dolomites and are
overlain by Cretaceous limestones.
Sandstones observed south of Gedeller Mahallesi are also found in the valley between Sivridağ
and Karıncalı Dağ, but contact with the Permian layers is not normally observed due to
thrusting. Further to the west, in the Sivridağ area, they are thrust over the Upper Cretaceous
limestones. The boundary between the two formations is faulted.
In the lower levels of the Çandır formation, radiolarite and limestone layers, as well as
crystallized limestone blocks, 20-30 meters in length, are observed in places; these do not show
continuity and grade horizontally into the sandstones.
Tesbihli formation
This formation occupies an area of approximately 8 km. It is encountered in many places in
various levels of the Triassic rhythmic series, but its greatest thickness occurs in the middle part
of the Triassic. Exposures of this formation are observed in the following localities: On both
sides of Sinan Değirmeni located north of the area; in the area between Erendağ and Karadağ; in
the Çukurardıç locality; south of Çalbalı Dere; in the area between Akadamlar Korler Mahallesi
and Sekli Tepe; to the south of the studied area, between Çınarcık-Filler Mahallesi, and between
Akçaisa-Armutluk; between Palaz Mevki -Şalbalı Dağ (in thin bands); east and west of Girevit
Dağ; and south of Gökdere. In these areas the formation grades vertically or laterally into
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sandstones and limestones. The formation is mainly red-colored; in places, green, gray or black
color can also be observed.
The Tesbihli formation concordantly and gradually passes into the Çandır and Gökdere
formations in the lower and upper parts, respectively. Its lithology is represented by cherts,
radiolarites, radiolarite-bearing cherts, green and brown-colored, thin bedded marls and clays,
pink-colored and thin-bedded limestone, as well as grayish marly limestones.
The thickness of radiolarites varies between 40 to 60 meters. Total thickness of the formation
including other rocks encountered in the area amounts to approximately 200 meters. However,
thickness of the formation shows some local changes. Abundant Daonella and Halobia are
found in various parts of the area under investigation. Particularly rich in fossils are the
following localities: Deveboynu -Çınarcık Mahallesi, Palamut Gediği and southern part of
Tesbihli Tepe.
Fossils collected from the strongly folded and fractured red radiolarites, located south of
Tesbihli Tepe, were identified by Mrs. Suzanne Freneix from the Paleontological Institute of
France, who attributed this formation to Ladinian, based on the presence in these beds of
Daonella indica Bittner.
The Tesbihli formation within the Triassic rhythmic series is tectonically the most affected
formation in the area; in places it is fractured, folded and strongly deformed. The formation is
not represented by continuous beds but is in the form of lenses, which attain sometimes 1 to 3
km in length. The general strike is in the NE-SW direction. Within this formation bituminous
horizons and manganese ore beds are encountered.

4.1.2. Soil Characteristics
Extensive soil classes have been formed in Antalya with the effects of the topography, climate,
main materials, land cover and time. In addition, some land types devoid of soil cover and
profile improvements are also observed.
The largest area of the Antalya basin is covered by red Mediterranean soil. It covers a land of
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574332 ha in Antalya. It is common in especially north and central part of the basin and it
extends to the north of Lake Egridir in the south. It is observed in northern direction beyond this
point. It is mostly seen in combination with Red-Brown Mediterranean soil which is common
in mid basin areas. These soils are in certain parts cut through with alluvial and colluvial soil.
The second prevailing soil type is Antalya basin is the Brown-Forest large soil type. It covers a
land of 326.246 ha. It extends through the basin from one end to other, starting from Alanya in
the south east of the basin, to northwest between Mediterranean land and Rendzinas. In
addition, it is observed in combination with chestnut color land in the west and north (Lake
Egridir) of the basin.

4.1.3. Climatology
Ambient Temperature
As the project site falls within the borders of Antalya city, meteorological data of Antalya city
obtained from the State Meteorological Institute of years 1996-2005 were considered in this
study. Monthly average ambient air temperatures recorded in Antalya are given in Table 5.
Precipitation
Annual average precipitation in Antalya was measures as 1286.4mm, where the maximum daily
rainfall was measured as 227.6 mm in December (Table 6).
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Table 5. Monthly Temperature Variations in Antalya

Table 6.Precipitation in Antalya

Cloudiness
The annual average number of cloudless days in Antalya was 158.7, whereas the average number of
cloudy days was recorded as 26.3 (Table 7).
Humidity
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Annual average relative humidity in Antalya is 61 % and the minimum relative humidity is 3 %
(Table 8).
Wind
The annual average wind speed in Antalya is 2.7 m/s. The maximum wind speed is 43.2m/s in the
SSE direction. The prevailing wind direction is NNW with an average wind speed of 3.5m/s and a
frequency of 2311 blows (Table 9). The wind rose for Antalya according to blow frequencies and
average wind directions are given in Figure 8 and Figure 9, respectively.

Table 7. Average Number of Clear, Cloudy and Closed-out Days in Antalya
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Table 8.Monthly Relative Humidity in Antalya
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Table 9.Wind Conditions in Antalya
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Figure 8. Wind Rose of Antalya according to the Blow Frequencies

Figure 9.Wind Rose of Antalya according to Average Wind Speeds

4.1.4. Topography
An average of 77,2 % of Antalya’s land is mountainous, 10,2 % is plateau and 12 % is
undulating land. The Taurus Mountains which cover ¾ of the city, are higher than 2500 – 3000
m at several points. There are wide plateaus and basins in the western Teke region. The majority
of these mountains and plateaus are formed from limestone. There are many caves, water
springs and such structures in the regions formed from the melting of limestone structures. The
topographic variety of the region creates different environments in terms of climate, agriculture,
demography and residency.
The different areas can be distinguished as coastal and upland. The average elevation of the
coastal sites range between 5-44 m, where as the elevation in upland regions range between
900-1000m.
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Major water bodies
Rivers and Streams
Rivers and streams in Antalya collect water from the southern slopes of the Taurus Mountains
and they are basically observed like creeks. They have irregular regimes and dry-out towards
the end of hot and dry summer months.
The major streams can be listed as:
Manavgat Creek: Originating from the mountains on the east of Gembos basin, the Manavgat
Creek flows down to Manavgat falls. It has a very regular flowing regime. It is one of the
streams with largest capacity in the South Anatolian region, other than the Seyhan and Ceyhan
rivers. It has a greenish color.
Aksu Creek: It enters Antalya from the Isparta border. The velocity of stream is very fast along
the Antalya basin following a rather narrow path. It is supplemented from an area of 3000 km2.
The stream loses its strength after entering the basin. It is highly susceptible to the changes in
the precipitation. It sometimes causes flooding on the both sides of the stream. It is used for
transport of woods.
Kopru Creek: It enters Antalya from the Isparta border. The elevations in water level are more
regular than Aksu creek. It becomes a river between November and May, carrying water at 100
m3/s and higher speeds. It generally has clear water.
Duden Creek: It originates 30 km away from the north of Antalya, flows through the
underground and surface on its way and finally falls to sea. The flow regime is regular
supplemented by the underground waters. The water level does not show much variance
between summer and winter months.
Dim Creek: It passes through the Antalya basin. It carries a large amount of water supplemented
by springs.
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Kargı Creek: It originates from the Akdağ Mountain. It is formed from the combination of
Derince and Tasatan creeks. It has a strong flow but it almost dries out in summer months.
Alara Creek: It is supplemented from an area of 1000 km2. It carries large amount of water. The
flow rate of water does not go below 20 m3/s between December and June. It passes through
narrow passages until it flows near the flat plains near the sea.
Karpuz Creek: It forms from the combination of the Cengel Creek from the east and the
Ahmetler Creek from the north. It has a strong flow during winter but very dry in summer
moths hardly reaching to the sea.
Alağır Creek: It is formed from a few strong springs. It carries a large amount of water although
it is short. It has a weaker flow during summer unlike winter.
Boğa Creek: This creek flows from the slopes of Bey Mountains where the Antalya basin starts.
Turgut ve Cumalı creeks also flow into Boğa creek. It flows to the sea.
Buyuk Arapsuyu: It originates from the flat plains a few km away from the Boğa Creek and
flows to the sea after running for 2 km.
Kucuk Arapsuyu: It originates 2 km away from the east of Buyuk Arapsuyu and flows to the sea
after running for 1 km.
Lakes, Artificial Lakes, Reservoirs and Dams
There are no lakes of significant volume in Antalya.
Lake Soğut: It is in a cavity surrounded by the mountains on the Antalya-Burdur border at an
altitude of 1 345 m. The length of the lake is approximately 13 km extending in the east-west
direction, and 5 km in the south-north direction. It is supplemented basically by Karasu,
Bozcay, Kocapınar ve Cığlık Creeks. The surface area of the lake is 40 km2. It dries
significantly in summer months. It is covered with marshes and island of reeds. It freezes in
winter months.
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Karagol Reed: It is located a few km away from the Elmali district. The surface area of the lake
is 10 km2. It is indeed looks like a large swamp and reed. It is supplemented by Koca Creek and
Cengel Spring. There are islands of reeds.
Lake Avlan: It is located in the south of Elmali district. The surface area of the lake is 10 km3. It
is supplemented by Koca Akcay River.
There are also the Oymapınar, Alakır ve Korkuteli dam lakes in Antalya.
Oymapınar Dam: It is constructed on the Manavgat Creek and it is in operation since 1980. The
dept is 185 m and the surface area of the lake is 470 ha. The storage volume is 300 million m3.
It produces 102 Million kW of electrical power per year.
Alakır Dam: It is constructed on the Alakır Creek and it is in operation since 1973. The dept is
185 m and the surface area of the lake is 49,3 ha. The storage volume is 80 million m3. It
protects an area of 1940 ha from flooding.
Korkuteli Dam: It is constructed on the Korkuteli stream and it is in operation since 1976. The
dept is 70,2 m and the surface area of the lake is 670 ha. The storage volume is 4,5 million m. It
is used for the irrigation of an area of 5986 ha.
The springs of Antalya are listed below:
Demre Spring: It is in 5 km south of Demre. There are two springs on either side of the valley in
Cayagazi area. Their hydrous are close to each other. The one on the East slope is named
Burguc water and known as the spring by the locals. The other spring comes to surface from
three points on a plain surrounded by concrete walls. Temperature of the water is 15° C. It is a
slightly sulfurous spring water.
Korkuteli Spring: It is at a 9 km distance from Korkuteli. It comes to surface from a number of
points. It has a brackish nature and hard to drink. Temperature of the water is 18° C.
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Sarisu Spring: It comes to surface at a slope a few km away from Ilıcakoy. The water is rich in
carbon dioxide with a temperature of 16,5 ° C.
Sınat Creek Thermal Waters: It is in Ilıca village in the Gazipasa district. It is an open pool
surrounded by rocks. The pool is filled up with the stones brought by floods in winter. It is
cleared in summer and allowed for usage. Temperature of the water is 24,5 ° C.
Surface and Groundwaters
The major factor in the formation of groundwater in Antalya is the geological formation. There
is Mediterranean Sea in the South, Beydağları of Taurus Mountains in the West, Aksu Valley in
the East, and Taurus Mountains in the North. The groundwater formations are comprised of
limestone and travertine formations.
Kırkgoz Springs

Arapsuyu I

Gurkavak Spring

Arapsuyu II

Mağara Spring

Boğacayı Keson Wells

Duraliler Spring

Duden Selalesi Wells

Iskele Spring (Mescit Alanı) Meydan Wells
Hurma Springs

Water Usage
The drinking water supply of Antalya is supplied from groundwater resources. The water
supply system consists of 45 deep wells, 9 pumping stations, 13 storage tanks and a
transmission line of 2 km and the water distribution system.

4.1.5. Ambient Air Quality
All data relevant to assessment of existing ambient air quality have been gathered as shown in
Table 9 and Table 10. These data is based on the basic environmental parameters of concern,
which are SO2 and PM10 concentrations (Table 10).
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Table 10. Air Pollution Monitoring Data of Antalya (Ministry of Environment and Forestry)
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Table 11. Environmental Situation Report for Antalya- SO2 and PM Measurements (1995-2004)
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4.1.6. Noise
The area proposed for the construction of the power plant close to the Antalya Organized
Industrial district. The closest residential area is 3 km away from the plant site. Currently, the
national noise standards of 70 dBA for day and 60 dBA for night conditions given for
commercial/residential areas are not exceeded.
4.1.7. Flora and Fauna
Flora
According to the grid system made by Davis (flora of Turkey and the East Aegen Islands), the
project land is located in C-3 square in the South Anatolia and it is under the influence of
Mediterranean Phytogeographic Region.
The identification of the flora of the project site and its surroundings was made mainly based on
the observations at the site (Project Description Report, 2007). The flora lists were prepared
based on site observations along with considering the 10 Volumes of the reference namely, the
‘Flora of Turkey and the East Aegean Island’. The flora lists are given in Table 12.
Fauna
The identification of the fauna of the project site and its surroundings was made mainly based
on the observations at the site (Project Description Report, 2007). Data have been gathered from
the local people as well. The fauna lists were formed based on the data which was supported by
literature reviews.
The fauna lists were prepared in a format including the species of Amphibians, Reptiles, Birds
and Mammals and considering the national and international conventions in act (Bern
Convention and decisions of the Central Hunting commission). The fauna lists are given in
Table 13.
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There are no endangered fauna identified in the proposed project site. The project impact area
does not constitute a special living and breeding habitat for the fauna species.

Table 12. List of Flora in the Area
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Table 13. List of Fauna in the Area
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Table 13. List of Fauna in the Area(Cont.)
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4.1.8. Archaeological and Cultural Resources
There are no archeological sites or recreational areas in or near the project site.
4.1.9. Land Use
The power plant is planned to be constructed in the Antalya city, Merkez District. The intended
project area is neighboring the Antalya Organized Industrial District. The map showing the site
of 1/25000 scale is given in Figure 1. The proposed project site is agricultural land according
to the Land Registry. The scanned copies of land registry documents are given in Annex 1.
4.1.10. Sensitive Zones
The project site and its surroundings, upon investigation also considering the Annex-V (List of
Sensitive Zones) of the EIA Regulation, is not classified as ‘Protection Zones as required by
national regulation’ according to the Article 1 of the list, not classified as ‘Protection Zones as
required by the conventions ratified by Turkey’ according to the Article 2 of the list, and not
classified as ‘Protection Zones’ according to the Article 3 of the list.

4.2. Biological Environment
4.2.1. Wetlands
There are no wetlands in or around the project area.
4.2.2. Vegetation
The project site neighbors the Antalya Organized district on one side. The land located in the
north and west part of the plant consists of short plantation.
The remaining side is devoid of any vegetation of conservation concern.
The project land is unimproved agricultural land.
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4.2.3. Wildlife
The land proposed for the project is highly modified by human activities that there is no wildlife
of major conservation concern in the area.
4.2.4. Social Environment
The selected location for the plant is near the Antalya Organized Industrial District, and there
are no residential areas in the 3 km radius of the plant.
Demography
According to the 2000 census the population of Antalya is 1726205 of which 933847 live in
urban region and 792358 live in rural sites. Population data is shown in Table 14. The
population has grown by approximately 44 % in the last decade and it is anticipated that it will
be growing at a similar rate in the future due to several facts. The major motive of population
growth is the migration to the city as a result of developing tourism sector, which is already the
main income source of the city.

Table 14.Urban and Rural Population Development in Antalya
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5. POTENTIAL ENVIRONMENTAL IMPACTS
5.1. Construction Phase
5.1.1. Physical and Chemical
This section of the report describes the potential environmental impacts, both negative and
positive, that are likely to result from the construction and operation of the thermal-power plant
in Antalya. The possible mitigation measures identified for the significant negative impacts are
presented in the next section of this report. Physical and chemical impacts of power plant
construction may include those on geology, soils, topography, landforms, and meteorology,
climate, air and water quality, and noise. Potential environmental impacts on each are presented
as the following:
5.1.1.1. Geology and Soils
There will be no significant soil disturbances and no significant impacts on local geology since
the site will not need any preparation activities such as drilling, blasting. The whole system will
be brought to site as a compact unit requiring no heavy construction at site. There will be minor
work in the construction of the site which will cause insignificant amount of excavation soil,
construction and debris waste, which will be handled according to the Regulation on excavation
soil, construction and debris waste.
5.1.1.2. Topography and Landforms
Local topography will not be altered.
5.1.1.3. Climate and Meteorology
Impacts on the microclimate and meteorology of the local area will be negligible. There will be
no changes in surface albedo and no aerodynamic disturbances.
5.1.1.4. Air Quality
Air quality emissions problems resulting from the construction activities will be limited to
fugitive windblown dust, internal combustion engines in heavy equipment and onsite power
generators. These impacts will be low and short-lived.
There will be no burning of vegetation and/or other refuse.
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5.1.1.5. Noise
Noise impacts may occur as a result of operation of heavy equipment, pile drivers, and onsite
power generation.
Estimated noise level outputs were obtained from equipment manufacturers and the impacts are
assessed to be insignificant since the national and World Bank standards will not be exceeded.
The article of national ‘Evaluation and Management of Environmental Noise Regulation’ (Date:
1.7.2005, and No: 25862) will be considered and complied.
5.1.1.6. Hydrology
Groundwater
Fresh water required by the personnel will be supplied from the wells to be dug at and/or around
the site with necessary permissions taken from the State Hydraulic Works as required by the
Groundwater Law (Date: 23.12.1960, No: 10688). The daily discharges from the well will not
have any adverse affect on the local hydrology.
The water demand is estimated based on the assumption of 75 l/cap/day consumption. The
number of workers together with possible visitors is estimated as 250 people. Hence the water
demand is calculated as:
250 x 75 lt/cap/day= 18 750 lt/day
Surface Water
There will be no surface water use. There will be no discharges to a receiving surface body. The
wastewater generated at the site will be treated by independent compact treatment units and the
treated wastewater will be used for irrigation.
5.1.1.7. Water Quality
Water quality issues associated with power plant construction are often minor. In this particular
case, there will be no liquid or solid wastes generated from the plant which will be disposed
directly to cause any adverse affect on environment.
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The amount of domestic wastewater generated by the plant’s personnel is assumed to be equal
to the estimated amount of water usage, which is approximately 20 m3/day. The wastewaters
generated at the plant will be treated with individual treatment units to give an effluent
appropriate for irrigational purposes.

Use of treated wastewater for irrigation and the possible percolation will not be a problem since
the treatment unit will ensure safe use for irrigation pursuant to the Article 28 of the Water
Pollution Control Regulation (Date: 21.12.2004, no: 25687) and the standards set out in
Technical Procedures Notification (Date: 7.1.1991, No: 20748).
Storm water will be channeled and removed through the storm drains.
5.1.1.8. Solid Waste
Solid waste during the construction phase will be minimal since the system will be installed as a
whole unit. Solid wastes such as rejected components and materials, packing and shipping
materials (pallets, crates, Styrofoam®, plastics, etc.), and human garbage will be disposed
properly to sanitary landfills as required by the national Solid Waste Control Regulation (Date:
14.3.1991, No: 20814).
The amount of solid was generated by the personnel is estimated based on 1 kg/cap/day solid
waste generation assumption. Hence the generated solid waste is calculated as:
250 x 1 kg/cap/day= 250 kg/day

5.1.2. Biological
The presence of local flora and fauna were determined and evaluation of construction impacts
was made.
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5.1.2.1. Flora and Fauna
There are no endangered flora and fauna determined on the project site; therefore, construction
should have no adverse affects on endangered flora and fauna.
The plant patterns in the project site will be removed from as a result of clearance for
construction. The project site is near the industrial zone, therefore there will be no concerns for
wild life disturbance as there is no suitable habitat in terms of suitable natural flora cover and
related fauna. There are no endangered species present at the project site. There will be very
minor impacts on fauna due to the construction of the plant.
5.1.2.2. Ecosystems
Impacts of construction on ecosystem will be negligible since there will be:
•No removal or interference with prey of predatory animals;
•No effluent discharges;
•No significant siltation from run-off, altering aquatic and marine flora and fauna populations
and hence population dynamics of dependent organisms;
•No noises disrupting breeding behavior or use of breeding grounds, resulting in shifts in
population dynamics; and
•No removal of predatory animals resulting in increased prey populations that exceed the
carrying capacity of the local environment.
5.1.3. Socio-economic
5.1.3.1. Demographic
The construction of plant will have limited effects on the demographic conditions since the
number of workers in the construction phase will be 200 people. There will be no permanent
living quarters associated with this power plant. Hence there will be no increased demand on
local infrastructure, such as utilities, housing, medical facilities, schools, water, and food. The
project will not cause any displacement of individuals whose livelihood depends on the land
that will be occupied by the Project. The labor force for the construction of the plant will be
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supplied also from Antalya, which will result in increased disposable income of plant
employees.
5.1.3.2. Land Use
The primary changes in land use during the construction will be basically at the plant site,
which is currently registered agricultural land. However, the project site is in the close vicinity
of Antalya Organized Industrial District and unimproved agricultural land devoid of any
agricultural plantation.

Outside the project site, change in land use will be limited to

infrastructures that will be installed to support the plant such as the road access and storm water
collection system.
5.1.4. Occupational Health and Safety
Health and safety impacts of the project on workers and communities in the area of influence of
the project will be reasonably managed according to the national Occupational Health and
Safety Regulation (Date: 9.12.2003, No: 25311) in order to reduce the likelihood of accidents
and work-related illnesses on the job as well as accidents occurring between constructionrelated equipment and local vehicles. Since the project site is near the industrial district and
minimum 3 km away from the nearest residential area possible impacts on local people and
pedestrians are assumed to be negligible.

5.2. Operation Phase
Environmental impacts from the power plant operation that will be quantified and reported
include those on existing air, water, and soil quality, and the disposal of solid wastes. Long and
short-term impacts on flora, fauna, human populations, and the health and safety of workers in
the surrounding community were evaluated.
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5.2.1. Physical and Chemical
Physical and chemical impacts of thermal power plant operation typically include those on
geology, soils, topography, landforms, meteorology, climate, air and water quality, and noise.
These impacts for this particular case are estimated as follows.
5.2.1.1 Geology and Soils
Soil impacts consist of negligible effects of windblown fugitive dust. Since the plant will run on
natural gas only, and the plant will be equipped with dry low NOx technology hence deposition
of sulphates, nitrates and metals from the stack plume, as adsorbed or incorporated into
particles, will cause negligible effects.
5.2.1.2. Topography and Landforms
Local topography will not be altered and there will be no possible effects on landforms such as
swamps and shorelines.
5.2.1.3. Climate and Meteorology
There will be no significant impact on the microclimate and meteorology of the local area
caused by changes in surface albedo and aerodynamic disturbances. There will be no significant
impact on precipitation patterns by increased availability of condensation nuclei downwind of
the power plant as there will be no particulates in the stack plume.
5.2.1.4. Air Emissions
Air quality impacts during operation of a thermal power plant consist primarily of stack gases
emitted following fuel combustion. Emissions will be comprised of particulate matter (PM),
sulphur dioxide (SO2), oxides of nitrogen (NOX), carbon monoxide (CO), the greenhouse gases
(GHGs), carbon dioxide (CO2), and methane (CH4), trace amounts of various metals, and trace
amounts of organic and inorganic compounds.
The proportions and amounts of pollutants emitted depend on the fuel quality and combustion
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strategy.
In this particular case, the plant will operate on natural gas only, which proves the advantages of
low carbon dioxide and NOx emissions, negligible release of SO2 and TSPM (Total Suspended
Particulate Matter), and no ash or other hazardous wastes. The characteristics of SIEMENS
SGT5-4000F gas turbine are given in Table 15.

Table 15.The characteristics of SIEMENS SGT5-4000F gas turbine

Air Pollution Modeling Studies
The aim of the modeling studies is to determine the effects of exhaust gases discharged by the
natural gas power plant on the air quality of Antalya region and determine the highest average
concentration values and their coordinates on monthly and annual bases.
The air pollution modeling results of SIEMENS SGT5-4000F model gas turbines are compiled
in a separate report given in Annex 2. In this report, the impacts of three pollutants of concern,
which are carbon monoxide (CO), nitrogen oxide compounds (NOx) and hydrocarbons (HC)
have been investigated according to the meteorological and topographical data of Antalya
region and the proposed power plant parameters with the help of ISCST 3 (Industrial Source
Complex Model - Short Term) Modeling Program.
The following table shows the current maximum values of the 2 main pollutants calculated.

Table 16.Emissions to Air
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5.2.1.5 Noise
Noise sources from the plant during energy production will include the generators and turbines.
However the power house will be insulated for noise and vibration and hence it is estimated that
the workers will not be affected.

The Power Plant will be located approximately 3 km away

from the nearest residential area and the gas turbine packages are equipped with standard
silencing to keep noise levels below 85 dBA at 1 meter and below 55 dBA at 154 meter. In
addition, the noise insulation will ensure compliance with the Turkish Standards and World
Bank Guidelines as shown in Table 17.

Table 17.Noise Standards

The article of national ‘Assessment and Management of Environmental Noise Regulation’
(Date: 1.7.2005, and No: 25862) will be considered and complied.
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5.2.1.6. Hydrology
Groundwater
Groundwater will be exploited from the wells to be dug at and around the site with necessary
permissions taken from the State Hydraulic Works as required by the Groundwater Law (Date:
23.12.1960, No: 10688). Groundwater use during the operation phase will be limited to
domestic use by the personnel. The estimated total amount of water use by the personnel is
calculated on the basis of assumed per capita water consumption rate of 75 lt/cap/day. The total
number of people using freshwater is assumed as 80, of which 37 will be the staff and the rest is
assumed to be visitors.
80 x 75 l/cap/day = 6 000 L/day The water discharge rates from the wells will not affect local
hydrology.
Surface Water
There will be no use of surface water during the operation of the plant.
5.2.1.7 Water Quality
The plant will consume water for the process and cooling. The cooling and process water will
be supplied from the water channels connected to Kırkgözler water resources. State Hydraulic
Works will determine the point of supply from the channels. This water will be circulated in the
plant after demineralization. The water consumption values of the plant are given in Table 18.

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Average

Evaporative Cooling

20,00

20,00

20,00

20,00

20,00

20,00

20,00

20,00

20,00

20,00

20,00

20,00

20,00

Boiler Supply Water

40,00

40,00

40,00

40,00

40,00

40,00

40,00

40,00

40,00

40,00

40,00

40,00

40,00

Main Cooling Tower

710,10

710,10

710,10

710,10

710,10

927,60

927,60

927,60

927,60

710,10

710,10

710,10

782,60

TOTAL (M3/H)

770,10 770,10 770,10 770,10 770,10 987,60 987,60 987,60 987,60 770,10 770,10 770,10

842,60

Table 18.Water Consumption Values

The combined cycle power plant will have some main systems which causes additional
emissions to the water:


Drum blow town
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Steam flash



Cooling cells blow down

All process waste water will be neutralized before discharged into the power plant channel
system. The design of the neutralization system will be in a way that the discharged water will
be according the Turkish regulations.
Oil tanks will be isolated with concrete lining to prevent any leakage and the waste oils,
generated less than 10 m3/year, will be removed by a licensed hauler.
New storm water drains will be constructed at the site which will be used together with the
existing drains to direct storm water to the main drainage system.
5.2.1.8. Solid Waste
The solid waste generated by the plant will be only domestic solid waste which will be properly
disposed of in sanitary landfills as required by the national Solid Waste Control Regulation
(Date: 14.3.1991, No: 20814). The amount of solid waste generated in the operation phase is
estimated based on the daily generation rate of 1 kg/cap/day. Accordingly the amount of solid
waste generation is estimated as: 80 x 1 kg/cap/day = 80kg/day.
5.2.2. Biological
5.2.2.1. Flora and Fauna
It is accepted that the air emissions majorly affect the land biota. Whereas the fauna specie can
move away from the discomforting sources, plants will have to respond physiologically.
Pollution damaged their tissues and may even kill them.
In the operation phase, the effects on flora will be basically from NOx emissions. NOx
emissions were found to be causing discoloration in plant leaves and then to lesions (Brown or
dark Brown spots). The loss of carotene and reduction of chlorophyll are the major responses
from plant exposed to NOx emissions. The type, severity and extend of the impact of NOx on
plants vary depending on both internal and external factors. Environmental conditions, presence
of other pollutants and the existing plant condition affect the responses of the plant to NOx
65

exposure.
The results of emission estimates show that the NOx emissions will be below the limit values
set out in the Air Pollution Prevention Regulation (Date: 02.11.1986, No: 19269) and the World
Bank standards.
Accordingly, NOx emissions originating from the plant will not have any adverse effects on the
flora and fauna. Operation of the plant will supply reliable electrical energy to the users in the
region which will limit the use of operation of diesel type or other type of energy production
units i.e. diesel generators that have adverse effects on the environment. Hence the current
pollution load that arises from the use of other fossil fuels will be reduced. There are no
endangered flora and fauna on the project site to be affected from air emissions. There will be
no particulate emissions and no cooling water discharges to affect flora and fauna.
5.2.2.2. Ecosystems
Impacts of operation of the plant on ecosystem will be negligible since there will be:
 No removal or interference with prey of predatory animals;
 No wastewater discharges to receiving bodies;
 Limited emission of stack gases well below the national and World bank standards;
 No significant siltation from run-off, altering aquatic and marine flora and fauna populations
and hence population dynamics of dependent organisms;
 No noises disrupting breeding behavior or use of breeding grounds, resulting in shifts in
population dynamics; and
 No removal of predatory animals resulting in increased prey populations that exceed the
carrying capacity of the local environment.
The frequent power outages experienced in Antalya caused increased use of fossil powered
generators which discharge greenhouse gasses. The operation of power plant will result in
continuous power availability, which will reduce the adverse effects of additional pollutants
from such applications.
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5.2.3. Socio-economic Structure
5.2.3.1. Demographic
The operation of plant will have limited effects on the demographic conditions since the number
of workers in the operation phase will be around 100 people. There will be no permanent living
quarters associated with this power plant. Hence there will be no increased demand on local
infrastructure, such as utilities, housing, medical facilities, schools, water, and food.
The project will not cause any displacement of individuals whose livelihood depends on the
land that will be occupied by the Project.
The labor force for the operation of the plant will be supplied also from Antalya, which will
result in increased disposable income of plant employees.
The Antalya city has been experiencing frequent power outages in the last years due to the
insufficient power supplies. This has been a major problem in the city which heavily depends
on tourism sector. The seasonal fluctuation of population due to tourism activity could not be
compensated in terms of electricity supply.
The power plant, by itself, will be able to meet the electrical energy demand of the whole city,
as the only producer of electricity in the area. Hence it will positively impact the social
economical environment for tourism and service sectors by providing improved power
availability and reliability.
The use of clean energy i.e. natural gas will also help to improve local conditions to support the
development of tourism sector.

5.2.3.2. Land Use
The plant’s site is currently unimproved agricultural land; hence the shift in land use is from
unimproved land to industrial area. Additional changes in land use may occur as a result of the
development of new industries in the area, constructed to take advantage of local, reliable, and
67

oftentimes cheaper electrical power.
There may be increased local industrial development as a result of additional power availability
and reliability in the future.

5.1.4. Occupational Health and Safety
Health and safety impacts of the project on workers and communities in the area of influence of
the project will be reasonably managed according to the national Occupational Health and
Safety Regulation (Date: 9.12.2003, No: 25311) in order to reduce the likelihood of accidents
and work-related illnesses on the job as well as accidents occurring between construction
related equipment and local vehicles. Since the project site is near the industrial district and
minimum 3 km away from the nearest residential area possible impacts on local people and
pedestrians are assumed to be negligible.

6. MITIGATION MEASURES
The purpose of impact mitigation is to look for alternative and better ways of implementing the
proposed project or associated activities so that the negative impacts are eliminated or
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minimized, while benefits are enhanced. Impact mitigation requires that the full extent of the
anticipated environmental problems are understood. In view of this, this section of the EIA
presents mitigation measures resulting from the impacts identified. The mitigation measures are
presented for the construction phase and the operation phase in Table 19 and Table 20,
respectively. AKSA ENERJİ ÜRETİM A.Ş. will be responsible for all mitigation measures
presented in this report.
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Table 19.Environmental Impacts and Planned Mitigation Activities in the Construction Phase
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Table 20.Environmental Impacts and Planned Mitigation Activities in the Operation Phase
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7. ANALYSIS OF ALTERNATIVES
The purpose of the analysis of alternatives as part of the EIA process is to select the best among
all possible project options. The assessments and recommendations made by the EIA Team are
presented below:
7.1. Site
1. Land has already been identified and is free of conflict.
2. The site is well located in regard to the following:
a. Easy access.
b. Close proximity to the Antalya organized industrial district
c. Close proximity to the already existing national electric transmission lines
d. Close proximity to the already existing natural gas transmission lines
e. Has no settlements in close vicinity.
7.2. Fuel Types
Natural gas has the obvious advantages over coal or diesel, of low carbon dioxide and NOx
emissions, negligible release of SO2 and TSPM (Total Suspended Particulate Matter), and no
ash or other hazardous wastes. The intended power plant should have a significant positive
impact on air quality compared to any fossil fuel burning power plant.
7.3. Technology
Alternative for gas turbines are gas motors and diesel generators.
There are no suitable hydropower sites available in the vicinity of Antalya city. Construction of
dams and reservoirs would also involve rehabilitation issues. Hence, the hydropower choice
was not pursued. The thermal power source was the only alternative left. As far as the
generation technology was considered, the project proposes to use advanced class turbines
having more than 57% thermal efficiency. This class of turbines has been in service all over the
world and is well proven.
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7.4. The "Do Nothing" Scenario
If the project would be assumed to fail to meet the required environmental conditions the
alternative would be the transfer of energy from a distant power plant via construction of energy
transmission lines, which will not be an economically and environmentally sound option.
It is therefore recommended that the project goes ahead but should take into consideration all
the suggested mitigation measures.

73

8. ENVIRONMENTAL MANAGEMENT PLAN (EMP)
AKSA ENERJİ ÜRETİM A.Ş. is committed to minimizing any adverse impacts that could arise
from the construction and operation of the project. To achieve this, an environmental
management plan (EMP) was formulated to manage impacts, to adopt the best available proven
control technologies and procedures, to ensure a continuing process of review and positive
action in the light of available monitoring results, and to consult with local communities on a
continued basis. An environmental and safety officer will be hired to oversee implementation of
the EMP, the environmental monitoring program, and compliance with ECC conditions. The
officer will closely coordinate with the plant general manager, the management staff, and the
monitoring team.
The EMP will aim to achieve an exemplary environmental performance during construction and
operation. To meet this goal, the following activities, measures and programs will be
implemented in AKSA ENERJİ ÜRETİM A.Ş.: (i) environmental policy; (ii) application of all
mitigation and management measures; (iii) an environmental monitoring program; (iv) an
emergency and contingency plan (v) an institutional plan (vi) an environmental and safety
officer.
Environmental monitoring is an important component of the EMP. It provides the information
for periodic review and refinement modification of the EMP as necessary, ensuring that
environmental protection is optimized at all project phases. Through monitoring, unwanted
environmental impacts are detected early and remedied effectively. It will also validate the
impacts predicted in the Environmental Impact Assessment (EIA) and the effectiveness of the
proposed mitigation measures. Lastly, it will also demonstrate compliance with national and
World Bank regulatory requirements.
A comprehensive monitoring program for the plant complex has been developed, covering the
measurement of relevant environmental indicators. At the plant, it will involve noise, safety
concerns, site drainage, solid waste and wastewater disposal, groundwater abstraction, and
structural integrity of the tanks and buildings. The results of the monitoring program, which will
be implemented by the Monitoring Team (MT) to be created for the project, will be used to
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optimize plant operations and adjust to management practices.
The monitoring of required parameters to check the environmental impacts, frequency of their
measurement, recording and reporting to related national authorities will be carried out strictly as
required by the related national regulations. The legal framework to be complied for environmental
monitoring is provided in Table 21.

Table 21.Legal Framework for Environmental Compliance

All measurements for the required parameters will be done with methods described under Turkish
Standards (TS), Environmental Protection Agency (EPA), Deutsches Institut für Normung (DIN) and
European Committee for Standardization (CEN) norms.
In the event that monitoring indicates that any environmental quality is deteriorating to unacceptable
levels, the proponent will correct operation procedures that are contributing to the problem and/or
undertake necessary engineering installations.
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