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ARTICLE INFO ABSTRACT

Articl_e history: This study focuses on the water resources development of the Southeastern Anatolia Project (GAP) in

Recqved 3 Feb(uary 2016 Turkey. The Euphrates and Tigris Rivers, located in the GAP, have the largest flow volume of 16.9% and

g‘?&e“’;‘é ;‘é revised form 11.4% of Turkey’s average annually runoff (186 billion m?), respectively. While the Euphrates represents
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have been irrigated.

over 19.4% of the national gross hydropower potential (433 GWh/year), the Tigris correspond to 11.2% of
this potential. 20,523 GWh/year of hydropower potential in the GAP is in operation. When all projects of
the GAP in planning are completed, the total hydropower potential reaches a level of 27,419 GWh/year.
This value corresponds to 10.9% of the annual electric energy production of Turkey in 2014 (251.96 GWh).
There is also irrigable land of 1.06 million ha in the GAP, and now roughly 33.7%, 357,241 ha, of which

© 2016 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Even though water being a renewable natural resource is
regarded among the non-consumable natural resources on a global
scale, it is consumable resource on a local scale in terms of being
usable. Water constitutes approximately one-eight hundredth of
the Earth’s weight and covers 71% of the Earth’s surface, however,
the usable amount of fresh water being vital for human and
plant life is very limited. Moreover, distribution of fresh water
resources is also not well-balanced depending upon geographical
and climatological conditions. Fresh water resources have could
not meet the demand for the water as a result of the rapid increase
in the world population in company with the rapid increase in
demand for the water as well as excessive pollution. Together with
the regional variability and quality differences related to the fresh
water resources in addition to all these, transnational and inland
problems have seriously arisen as regards to the usage of this vital
resource (Sen et al., 2002).

The effects on global and environmental air quality of pollutants
released into the atmosphere from fossil fuels in power plants
provide strong arguments for the development of renewable
energy resources. Clean, domestic and renewable energy is
commonly accepted as the key for future life, not only for Turkey
but also for the world. The consumption of conventional fossil

* Corresponding author. Tel.: +90 462 377 2632; fax: +90 462 377 2606.
E-mail addresses: mkankal@ktu.edu.tr, mkankal06@gmail.com (M. Kankal).
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energy resources (coal, petroleum and natural gas) on one hand
results in serious environmental pollution problems, and on the
other hand faces with the danger of exhaustion. In order to have
a sustainable development in Turkey, it must be enhanced the
efficiency of the conventional energy generation and increased the
proportion of renewable energy sources in the total energy budget
(Akpinar et al., 2008).

The demand for energy and particularly for electricity is grow-
ing rapidly in Turkey in parallel to the social and economic devel-
opment of the country. The main indigenous energy resources are
limited to hydro, mainly in the eastern part of the country, and lig-
nite to a great extent as there are no big oil and gas reserves in
Turkey. All of crude oil, natural gas and high quality coal have been
almost imported. It has a large potential for renewable energies
(Yuksek et al., 2006). Turkey’s energy demand is met through ther-
mal power plant consuming coal, gas, fuel oil and geothermal en-
ergy, wind energy and hydropower. Because Turkey does not own
any nuclear power plant yet, the installation of first nuclear power
plant with a capacity of 1000 MW is on the schedule as a plan of
the near future (Yuksel, 2015).

The Euphrates and Tigris, located in the GAP, are the two
principal branches of the transboundary river basin, joining each
other 70 km north of Bassorah in Iraq, to form the Shatt-al-arab,
and discharging 100 km thereafter into the Gulf. The total water
potential of the Euphrates subbasin is 37 km?/y; Turkey provides
32 km?/y, i.e., about 85% of this potential from less than 30% of
the total drainage area. The total water potential of the Tigris
subbasin is 57 km?/y; Turkey provides 24 km?/y, i.e., about 40%
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of this potential from less than 25% of the total drainage area.
Hence, Turkey provides about 60% of the total water potential of
Euphrates-Tigris basin from 25% of the entire drainage area Water
scarcity in the Middle-East in general, water allocation claims
of the riparian states in particular, enhanced by international
geopolitical and energy issues from states and organizations
outside the region, make the Euphrates-Tigris basin one of the
foremost conflict focus of the world (Ozis and Ozdemir, 2009).

The number of the multinational river basins being transbound-
ary and/or boundary on the Earth is over 200, and these basins
comprise almost 50% of the Earth’s land. Serious problems can be
arisen among the countries as for benefiting from these waters (Sen
et al., 2002). Ever-increasing demand for the water in addition to
the differences related to regional and climatological conditions in
the water variability have raised the importance of transboundary
waters further.

The aim of the current study is to evaluate the historical
development of the project, the water resources and hydropower
status of the Southeastern Anatolia Project (GAP). The importance
of water and development is presented in Section 2. In Section 3,
the development of water resources in the GAP is analyzed and
finally, the conclusions are presented in Section 4.

2. Water and development

Today, around 3800 km? of fresh water is withdrawn annually
from the world’s lakes, rivers and aquifers. This is twice the
volume extracted 50 years ago. A growing population and a rising
level of economic activity both increase human demand for water
and water-related services. Development, technological change,
income distribution and life-styles all affect the level of water
demand (The Report of the World Commission on Dams, 2000).

The world population has reached 6.8 billion with 5.6 billion
(82%) living in the less developed regions. It is projected to reach
9.1 billion by 2050. Most of this growth will be in developing
countries, where population is projected more than to double, from
835 million inhabitants in 2009 to 1.7 billion in 2050 (Stephenson
et al., 2010). One third of the countries in water stressed region of
the world are expected to face severe water shortages this century.
By 2025 there will approximately 6.5 times as many people—a total
of 3.5 billion living in water stressed countries (Narasaiah, 2006).

Despite the massive investment in water resource management
and particularly in dams, billions of children, women and men
in rural areas lack access to the most basic water and sanitation
services. Although problems of access are worst in rural areas,
rapid urbanization is also increasing the demand for water-related
services. In 1998, 43% of the world’s population lived in urban
areas. If current trends persist, that figure could reach 60% by the
year 2030 and over 70% by 2050. Most of this growth will take place
in developing countries where an estimated 25%-50% of urban
inhabitants live in impoverished slums and squatter settlements.
Lack of access to water in both rural and urban areas is not just a
question of supply. It is partly due to inequitable access to existing
supplies (The Report of the World Commission on Dams, 2000;
Akpinar and Kaygusuz, 2012).

3. The Southeastern Anatolia Project (GAP)

The GAP Project became one of the most ambitious regional
development projects in the country by encompassing not
only hydropower and irrigation infrastructure development as
originally planned, but also all related sectors including industry,
transportation, rural and urban infrastructure, environmental
protection and social sectors in the region. Since GAP was planned
as a multi-sector integrated regional development project, an
integrated approach was essential to achieve its targets and

objectives. It was thus understood that construction of energy
and irrigation infrastructure, past and future, would contribute to
economic growth, social development and environmental change.
All these changes would, in turn, have discernible impacts on
different parts of the region and would need to be managed with
a view to achieving the sustainability of the GAP Project and
improving the quality of life for the local population (Altinbilek and
Tortajada, 2012).

3.1. Historical development of the GAP

The investigations commenced in the Euphrates River in 1936
by directives of Mustafa Kemal Atatiirk, the founder of Turkish
Republic. Keban and Kemaliye flow monitoring stations on the
Euphrates River and Diyarbakir flow monitoring station on the
Tigris River were established in 1935 and 1936, respectively,
by the EIE, General Directorate of Electrical Power Resources
Survey and Development Administration, founded in 1935 and
flow monitoring data was began to collect for making use of in the
coming years. As result of crash survey studies together with the
foundation of the General Directorate State Hydraulics Works in
1954, “Basin Preliminary Survey Reports” involving whole basin
were prepared as from major basins.

Keban Dam, founded in 1966 and put into service in 1974,
was one of the most important plants by generating hydroelectric
energy of 6 TWh/yr with an installed capacity of 1330 MW. The
Lower Euphrates Preliminary Survey Report was published by DSI
in 1967. In Tigris Basin Preliminary Survey Report published by DSI
in 1971, 20 dams with several dimensions, irrigation of 190,000 ha
land, and hydroelectric energy generation of 3.9 TWh/yr together
with 19 HEPPs having a total installed capacity of 770 MW were
anticipated.

DSI combined the development plans for the Lower Euphrates
Basin with the West and Middle Tigris Basins for the first time
under the name of “Southeastern Anatolia Project” in 1980. Within
the frame of this project, irrigation of 1125,000 ha land and
hydroelectric energy generation of 20.1 TWh/yr together with a
total installed capacity of 5304 MW were anticipated in the Lower
Euphrates. Feasibility report for Birecik and Karkamis dams and
HEPPs defined as Border Euphrates Projects was prepared in 1984
and later final projects were designed for Birecik Dam.

In brief, the studies qualified as the Lower Euphrates Project,
which is shaped as the Lower Euphrates Planning at first, were
called as Water and Soil Resources Development Project in the
Euphrates-Tigris Basin and named as the Southeastern Anatolia
Project, GAP in short, by adding the Tigris Basin later on.

The foremost milestone of the Southeastern Anatolia Project
is the GAP Action Plan prepared in 2008. This action plan was
declared on May 27, 2008 in Diyarbakir and the investments were
boosted. The aim of the GAP Action Plan comprising the years from
2008 to 2012 was to involve an area of 1058,000 ha to be irrigated,
the projects within the scope of GAP were allocated great fund from
the budget and so fund problem was eliminated for the irrigation
projects. The historical development of the GAP is given in Fig. 1
(DSI, 2015).

3.2. The status of hydropower and water resources in the GAP

The GAP was initially undertaken as a programme to develop
water and land resources of the region and consequently planned
as a package comprising 13 projects envisaging irrigation schemes
and hydraulic power plants in the basins of the Euphrates and the
Tigris. As a whole, the package included 22 dams, 19 hydraulic
power plants and irrigation covering an area of 1.8 million ha (Yuk-
sel, 2015). These dams planned on the main branches of the Eu-
phrates and Tigris Rivers are shown in Figs. 2 and 3. It is seen
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The investigations commenced in the
Euphrates River by command of Atatiirk,
the founder of Turkish Republic.

The geological and topographical
surveys were commenced and flow
monitoring stations were established in
the Keban strait.

The Atatiirk Dam began electric
energy generation.

Surface irrigation was begun in the
Harran Plain through Sanliurfa
Trrigation Tunnels.

The State ITydraulics Works was founded.

‘The Euphrates Planning Directorship established in
1961 published “The Euphrates Basin
Reconnaissance Survey Report” in 1964. “The
Lower Euphrates Project Preliminary Survey
Report” completed in 1967 was followed by “The
Lower Buphrates Ieasibility Report™ prepared in
1970. “The 'T'igris Basin Preliminary Survey Report™
was published in 1971.

Kiralkiz1 and Dicle dams began
filling.

* Batman Dam began filling.

Construction of Karkamig Dam
and HEPP was completed.

Construction of the Keban Dam
was slarled.

Construction of Birecik Dam and
HEPP was completed.

The Keban Dam put into operation and
so it will provide regulated water for
the downstream GAP dams.

Construction of the Tlisu Dam and
TIEPP was started.

Construction of the Karakaya Dam
was started.

GAP Action Plan put into practice.

The Lower Mardin Main Channel
was put out to tender.

The Lower Fuphrates and Tigris
Projects were combined under the
name of GAP.

Construction of the Atatiirk Dam’s
diversion tunnels and Sanliurfa
Irrigation tunnels were slarted.

Surug Project Main Transmission
Channel was put out o tender.

Kralkizi-Dicle Gravity Main
Channel was put out to tender.

. Construction of the Upper Harran
Main Channel was completed.

The Karakaya Dam began electric
energy generation.

Construction of the Silvan Dam
was started.

The Atatiirk Dam began filling.

It was come to an end 1n the
construction of the Lower Mardin
Main Channel and Kralkizi-Dicle
Gravity Main Channel.

Fig. 1. Historical development of the GAP (DSI, 2015).

that these dams are in operation except for Ilisu and Cizre dams.
With the preparation of GAP Master Plan in 1989, the project trans-
formed into an integrated regional development effort also cov-
ering such diverse fields as rural and urban infrastructure, hous-
ing, transportation, communication, agricultural and industrial de-
velopment, tourism, education and health (Republic of Turkey,
2013b).

The hydroelectric power generated as a part of the GAP has a
place in Turkey (Table 1). The electricity production from the GAP
was 16.9 TWh in 2013. This production corresponds to 28.5% of
total hydroelectric power production in the same year. In 2004,
the hydroelectric power generation from the GAP was 22.4 TWh
that constitutes 14.9% of total production in Turkey while this
generation occurred as 7.0% of total production in 2013. The major
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Fig. 2. The dams in the Euphrates River (DSI, 2015).
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Fig. 3. The dams in the Tigris River (DSI, 2015).

Table 1

Electric energy production comparison between the GAP and Turkey (TEIAS, 2015; Republic of Turkey, 2013d).
Year Turkey GAP hydraulic (TWh) GAP/Turkey

Thermal (TWh) Hydraulic (TWh) Wind and Geothermal (TWh) Total (TWh) Hydraulic (%) Total (%)

2003 105.1 353 0.15 140.6 15.3 43.34 10.9
2004 104.5 46.1 0.15 150.7 224 48.59 14.9
2005 122.2 39.6 0.15 161.9 18.7 47.22 116
2006 131.8 442 0.22 176.2 214 48.42 121
2007 155.2 35.9 0.51 191.6 18.2 50.70 9.5
2008 164.1 333 1.01 198.4 15.6 48.30 7.9
2009 156.9 36.0 1.93 194.8 121 33.6 6.2
2010 155.8 51.8 3.58 211.2 17.5 33.8 8.3
2011 171.6 52.3 5.42 229.3 17.3 33.1 7.5
2012 174.9 57.9 6.76 239.5 19.2 33.2 8.0
2013 171.8 59.4 8.92 240.2 16.9 28.5 7.0

reason related to this drop is that Turkey is a developing country,
and thus the demand for the electric energy is increasing. Even if
all energy projects under construction or in planning in the GAP
region are put into practice, the coverage ratio of the GAP for
Turkey’s electric power demand will show downward tendency
over the long run. Besides, the hydropower installed capacity in
the other part of the Turkey has rapidly increased thanks to private
sector. Therefore, share of the hydroelectric power generation from
the GAP in the total hydroelectric generation in Turkey decreased
in the last five years.

The progress of the Dams and HEPPs in the GAP region is
presented in Fig. 4 according to the project level. There are 19
HEPPs that have an installed capacity of 7528 MW in the GAP
region, and in which annual energy generation of 27,419 GWh
occurs. The current status of these HEPPs is given Table 2 according
to the project phase. There are 11 HEPPs, which have an installed
capacity of 5356 MW and generate an annual electric energy of
20,174 GWh in total, located on the Euphrates River, and the rest,

which have an installed capacity of 2172 MW and generate an
annual electric energy of 7245 GWh in total, on the Tigris River.
As of installed capacity of the HEPPs in the GAP region, 73.9%,
5566 MW, of which is in operation, 19.5%, 1466 MW, is under
construction, and the rest, 496 MW, in planning.

The HEPPs, namely Karakaya, Atatiirk, Kralkizi, Dicle, Batman,
Birecik, Karkamis, Sanliurfa, Cagcag and Erkenek, have generated
an electric energy of 392.1 TWh, actual cash value of which is
23.5 billion US dollar, from the first operation year to the end of
2013 (Republic of Turkey, 2013d).

An irrigable area of 1.8 million ha is planned to be irrigated by
DSI in the GAP region. At the first stage, economically irrigable
area of 1.06 million ha is foreseen to be completed (DSI, 2013).
Total 357,241 ha land, 310,212 of which on the Euphrates Basin
and the rest on the Tigris Basin, was involved to be irrigated by the
end of 2013 (Table 3). An area of 1319,031 ha has been in project
phase and planning stage while the construction of the irrigation
network in an area of 120,198 ha has been in progress. The status of
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Table 2

The status of hydropower potential in GAP (DSI, 2015; Republic of Turkey, 2013c).
Name of project Installed capacity (MW) Energy production (GWh) Project level First operation year
Karakaya Dam and HEPP 1800 7,354 In operation 1987
Atatiirk Dam and HEPP 2450 8,900 In operation 1993
Birecik Dam and HEPP 672 2,516 In operation 2000
Karkamis Dam and HEPP 180 652 In operation 1999
Sanliurfa Dam and HEPP 50 124 In operation 2005
Biiyiikcay Dam and HEPP & irrigation 30 84 Master plan ready
Kogali Dam and HEPP & irrigation 39 187 Master plan ready
Sirimtag Dam and HEPP 26 87 Under construction
Kahta Dam and HEPP 75 171 Master plan ready
Fatopasa HEPP 22 47 Master plan ready
Erkenek HEPP 12 52 In operation 2010
Euphrates basin (Total) 5356 20,174
Dicle Dam and HEPP 110 296 In operation 1999
KralkiziDam and HEPP 94 146 In operation 1998
Batman Dam and HEPP 198 483 In operation 2003
Ilisu Dam and HEPP 1200 3,833 Under construction
Cizre Dam and HEPP 240 1,208 Final design report ready
Silvan Dam and HEPP 150 623 Under construction
Kayser Dam and HEPP 90 341 Master plan ready
Garzan Dam and HEPP 90 315 Under construction
Tigris basin (Total) 2172 7.245
General total 7528 27,419
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oA

SANLIURFA| | %
N o

BING.OL

100
km

VAN LAKE|
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=—+= PROVINCE BORDER
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'UNDER CONSTRUCTION
FINAL DESIGN REPORT READY

N
[N
D\ waster pLAN READY
b

PRELIMINARY REPORT READY

SURUG.
PROJECT SANLIURFA HARRAN
PLAIN IRRIGATION.

SILOPI PLAIN
NUSAYBIN CIZRE IRRIGATION
IRRIGATION .

Fig. 5. The status of irrigation in the GAP (The Report of the World Commission on Dams, 2000).



128 M. Kankal et al. / Energy Reports 2 (2016) 123-128

Table 3
The status of irrigation project in Euphrates and Tigris basin of the GAP region (DSI, 2013).
Project (Euphrates basin) Irrigation In Under Master plan Planning (ha)
area (ha) operation (ha)  construction (ha) ready (ha)
1. Karakaya Dam & HEPP - - - - -
2. Lower Euphrates Project 691,108 227,264 16,291 276,781 170,772
3. Border Euphrates Project - - - - -
4. Surug-Yaylak Project plain irrigation 113,136 18,322 37,844 56,970 -
5. Adiyaman-Kahta Project 77,839 10,806 - 12,322 54,711
6. Adiyaman-Goksu-Araban Project 70,968 - - - 70,968
7. Gaziantep project 140,903 20,545 16,564 100,706 3,088
Total 1093,954 276,937 70,699 446,779 299,539
Individual project 90,072 33,275 2,770 17,777 36,250
Project (Tigris basin) Irrigation In Under Master plan Planning (ha)
area (ha) operation (ha)  construction (ha) ready (ha)
1. Dicle-Kralkiz1 project 130,159 6,692 17,729 105,738 -
2. Batman project 37,351 10,000 27,351 - -
3. Batman-Silvan project 245,372 - - 245,372 -
4. Garzan project 40,365 - - - 40,365
5. Ilisu Dam & HEPP - - - - -
6. Cizre project 121,000 - - - 121,000
Total 574,247 16,692 45,080 351,110 161,365
Individual project 36,548 30,337 - 1,861 4,350
irrigation in project phase is shown in Fig. 5. The Lower Euphrates References

Project with an area of 691,108 ha is the foremost irrigation project
and corresponds to 38.5% of all projects. Sanliurfa Tunnels and
Irrigation within the scope of the project constitutes the most part
with an irrigation area of 376,000 ha, 161,000 ha of which was
involved to be irrigated and corresponds to 45% of total irrigation
in operation.

4. Conclusion

In this study, the historical development of the project, water
resources and hydropower status of the GAP in Turkey was
investigated. The main conclusions that can be drawn in the
present study are as follows:

e The Euphrates-Tigris being one of the most important basins is
estimated to uphold 28.3% of the total runoff in Turkey.

e In Turkey, The Euphrates and Tigris Rivers constitute 30.6% of
the national gross hydropower potential (433 GWh/year).

e GAP involves 19 HEPPs. When these power plants are
completed, the electric energy production capacity will reach
27,419 GWh/year that corresponds to 10.9% of the annual
electric energy production of Turkey in 2014 (251.96 GWh).

e An irrigable area of 1.8 million ha is planned to be irrigated
in the GAP region, but the area to be economically irrigated
accounts for about 1 million ha, 357 thousand ha of which in
operation, and 120 thousand ha under construction.

e Nowadays, the using and sharing of the water has became
significant. Therefore, the water resources in Turkey must be
developed right away so that a rapid development process
comes out, and foreign dependency in the energy and
agriculture can be reduced. It is concluded that the fact that the
planning projects in the GAP having a great potential must be
completed and put into service right away will make a great
contribution to Turkey.
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