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FOREWORD

+

The Government of Japan has, at the r;aquest of the Government of the
Republic of Turkey, entrusted the execution of a preliminary survey for the water
resources development of the Lower Dalaman River to the Overseas Technical
Cooperation Agency, The Agency dispatched a survey mission headed by Mr,

Y. Narita and consisted of six members.

The Agency, as an executive organ of the Government of Japan, has been
performing such technical ccoperation as the offer of consulting services to,
dispatch of experts to and induction of technical trainees from developing countries.

Nothing would be more gratifying to us, if this report could be of any
contribution to the promotion of the water resources development of the Lower

Dalaman River as well as to the furtherance of the amity, friendship and economic

relations between the Republic of Turkey and Japan,

March 1966

SHIN-ICHI SHIBUSAWA
Director General

3, e 3 : :
* Overseas Technical Cooperation Agency



LETTER OF TRANSMISSION

Mr. Shinichi Shibusawa, President

Overseas Technical Cooperation Agency

Dear Sir:

As chief of the Survey and Study Mission for the Lower Dalaman River Basin
Water Resources Development Program of the Republic of Turkey, the undersigned
takes pleasure in submitting herewith the report of the surveys and studies car-
ried out in fulfillment of its assignments.

The Mission, for seventy-five days from March 25, 1965, in consultation
with the Government of Turkey, conducted surveys of the- project area including
topography, geology, conditions of rivers and streams, materials, and agricultur-
al and electric power situations. Information and data necessary for preparations
of development plans such as hydrologic data and information for estimation of
construction costs were also ga.théred.

After return to Japan the Mission prepared this Report using the information
and data collected, under the direction of the Chief Engineer of the Electric Power
Development Co., Ltd. (EPD Consultants), and with the cooperation of the com-
pany's, experts in various fields such as planning of reservoirs and hydro-electric
power, desig;ling of dams and other hydraulic structures, planning of electric
power supply, power transmission lines and substations, and agricultural develop-
ment .

The Lower Dalaman.River Basin Water Resources Development Program
consists of building on the main Dalaman River three reservoirs, Sandalcik,
Gurleik and Goktas and Asmacik Regulating Pond, which will have a total effective

3

storage capacity of 900 million m® from a catchment area of approximately



5, 200 km2 and annual run-off of approximately 1, 690 million m3 in order to secure
water sources for power generation and agriculture. By constructing four power
stations; Sandalcik, Gurleik, Goktas and Bezkese, appurtenant to the reservoirs
and the regulating pond mentioned above, it will be possible to obtain electric power
of 327 thousand KW total output and I, 454 million KWh annual energy production.
This power transmitted approximately 300 km to the city of Izmir in the western
part of Turkey, will help to supply the demand of the Western Area of which Izmir,
where rapid progress in industrialization is being made, is the center. Further,
the agriculture of this area will be promoted by construction of floed protection
levees and irrigation and drainage facilities for the 14 thousand hectares of farmland
in the Dalaman Plain. Execution of this Basin Program is estimated to require a
constryction period of approximately ten years and cost approximately 1, 500, 300, 000
Turkish Lira, but upon completion of the Program, an excess benefit of approxi-
mately 64, 326, 000 Turkish Lira annually may be anticipated,

It‘is considered economically and technically appropriate for this basin
development program to be divided into three stages as stated in 1-5-1, (5),
The Mission believes that for the purpose of expediting the apricultural develop-
ment of the Dalaman Plain for which there is an urgent demand and of supplying
the power demand of the Western Area it is of utmost importance to prepare final
designs and to starts, as early as possible on the construction of Sandalcik Reser-
voir and Asmacik Regulating Pond which will serve as water sources for both
agriculture and power generation, and the construction of Sandalcik Power Station
and Bezkese Power Station including associated transmission lines and Substations
{these are collectively called "Sandalcik Project' in this Report).

For the Sandalcik Project, it is estimated a construction period of approxi-
mately three and one-half years and a construction cost of approximately
735, 100, 000 Turkish Lira will be required, Of the entire Dalaman Developrnent
Program, this stage alone is expected to produce and annual excess benefit of

approximately 35, 116, 000 Turkish Lira.



It is the ardent hope of the Mission that this Report will be useful in im-
plementing the development program which forms a part of the economic develop-
ment program of the Government of Turkey and that it may contribute to promoting
friendly relations and economic interchange between Turkey and Japan.

The Mission takes this Opportunity to express its deepest gratitude to the
officials of DSI and EIE and other agencies of the Government of Turkey and the
officials of the Japanese Embassy in Turkey for their invaluable help and unselfish
cooperation which have greatly facilitated the work of the Mission in conducting

surveys in the field,

January 10, 1966

o

Yutaka Narita, Civil Engineer

Electric Power Development Co,, Ltd.

Chief of Survey and Study Mission,
Lower Dalaman River Basin Water
Resources Development Program,
Turkey
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1. SUMMARY

1-1 ANTECEDENT

At the time of the visit to Turkey by engineers of the Electric Power Develop-
ment Company of Japan around the beginning of March and in July, 1964, the Gener-
al Directorate of State Hydraulic Warks of the Government of Turkey (hereinafter
referred to as DSI) requested technical cooperation from Japan in connection with
certain projects of the water resources development program which are c;urrently
being investigated in accordance with the First Five Year Plan of Turkey ( 1963-
1967}. Subsequently on Qctober 12, 1964, the Government of Turkey formally
requested the Government of Japan to despatch a survey mission in order to draw
up a water resources development plan of the Dalaman River for which investiga-
tions had been continuing since 1962.

In response to this request the Government of Japan dispatched through the
Overseas Technical Cooperation Agency, a six-man survey mission consisting of
5 engineers of the Electric Power Development Company and a representative of
the aforesaid Agency to Turkey for a period of approximately 75 days from March
25, 1965,

The said Survey Mission conducted field surveys upon consultation with the
Government of Turkey with respect to investigations and plannil{g and returned to
Japan on June 10, 1965, following which the Mission prepared in Tokyo a Report
on the Lower Dalaman River Basin Development Program and the First Stage
Development Program.

In addition to the members of the party, the Chief Engineer and engineers in
various specialized fields of the Electric Power Development Company took part

in the preparation of this Report.



1-2 PURPOSE OF THE MISSION

As stated previously, in compliance with the request made by the Government
of Turkey, the Mission conducted a surveys with the purposes of studying the down-
stream catchment of the Dalaman River running through the southwestern part of
the country, establishing a development scheme of the Lower Dalaman River Basin,
establishing the order of priority of development, and making a Project Report in
connection with the Sandaleik Project which ranks highest in the order of priority of

development in the program for the area.

1-3 MEMBERS OF SURVEY MISSION

The members of the Survey Mission were as listed below.

Name Specialized Field Company
. o . Electric Power Development
Lieader: Yutaka Narita Civil Engineer Comapny
. . . Overseas Technical
Member: Yoshio Niinomi Coodinator

Cooperation Agency

Electric Power Development

Member: Mamoru Takaichi Civil Engineer Company

Electric Power Development

Member: Yozo Fukutake Geologist Company
. . ) Electric Power Development
Member: Tokio Jomoto Electrical Engineer Company
Member: Masaharu Matsui Agricultural EngineerElectrlc Powex Development
Company
1-4 SCOPE OF SURVEY

In order to effectively develop the water resources of the Dalaman River
having a catchment arca of about 5,200 km%, this survey was conducted with the
purpose of formulating a development program for the lower basin downstream of
the vicinity of Mahmutlar (hereinafter referred to as the Lower Dalaman River
Basin}, and preparing a Project Report on the First Stage Development Program
which is accorded the highest priority.

Far this object, ficld surveys were carried out of the Lower Dalaman River

Basin, and data and information on hydrology, topography, geology, materials,



soils; agricultural conditions, power situation, estimates of construction cost, etc.
necessary for drawing up the project were collected,.

- After completing these field surveys the Development Program for the Lower
Dalaman River Basin was prepared in Tokyo establishing the order of development,
and the First Stage Development Program which is believed to require prompt ex-
ecution was also drawn up.

Out of this First Stage Development Program, technical and econornic feasibil-
ities were also studied with respect to the Sandalcik Dam and Power Station, the
Asmacik Dam and Bezkese Power Station, and transmission lines and substations
for which definite studies should be started. This is hereinafter referred to as the

Sandalcik Project.

1-5 CONCLUSIONS AND RECOMMENDATIONS

1-5-1 CONCLUSION

This Project Report is for preparation of the Lower Dalaman River Basin
Development Program and for determination of the technical and economic feasibil-
ity of the Sandalcik Project which is considered to require immediate preparations
for construction.

{1} The run-off of the Dalaman River having a catchment of about 5, 200 km2
is about 1, 600, 000, 000 m3 annually. In order to develop this abundant water
resource effectively and economically it is necessary to regulate and control
the river run-off which fluctuates by season or year under present condilions
and obtain a stabilized flow of water. To realize this aim, it is considered
most effective to construct reservoirs in series along the Dalaman Riv:rcr
having a combined total effective storage capacity of approximaltely
900, 000, 000 m3,

The most economical plan for these reservoirs is to build at {irst the

Sandalcik Reservoir, the uppermost project area with an effective storage

capacity of 665,000,000 m3 with a high water level at Elavation 705 m, next



the Giirleik Reservoir with an effective storage capacity of 115, 000, 000 m3
with a normal water surface level at Elevation 270 m, followed by the Goktas
Reservoir with an effective storage capacity of 120, 000, 000 m3 with a normal
high water surface level at Elevation 145 m, and finally the most downstream
Asmacik Regulating Pond with an effective storage capacity of 2, 200, 000 m3
with a normal high water surface level at Elevation 71 m.

By means of the construction of these reservoirs a firm discharge of
about 41 m3/s (at the Asmacik Site) can be secured throughout the year.
{2) Appurtenant to the reservoirs and regulating pond, power stations at
Sandaleik, Gurleik, Goktas and Bezkese are planned to be constructed to
produce cheap and abundant power. These plants will have a combined total
output of 327, 000 KW and annual energy production of 1, 454, 000, 000 KWh,
fully utilizing a total head of 675 m between the normal high water surface
level of 705 m at the Sandalcik Reservoir and the tailrace water level of 30 m
at the Bezkese Power Station farthest downstream. Power generated and
transmitted over a total distance of approximately 280 km to Izmir, will con-
stribute to the development of the western area centering around Izmir where
industrialization is now in progress.
{3) For the purpose of the agricultural development in the Dalaman plain,
the following measures should be taken:

a, Construction of reservoir to secure irrigation water and establish-

ment of the new irrigation system.

b. Construction of the new drainage system to solve the problems of

surface drainage in winter and lower the ground water table below 1.2 m

or more from the ground surface through the year.

¢. Construction of the facilities to protect the Dalaman plain from floods.

d. Improvement of Road net in the Dalaman plain.

e. Establishment of an agricultural and animal hasbandry center to

introduce and generalize new techniques,



By the achievement of this Program, agriculture in this project area can
develop from the one-cotton-crop-per-year farming to progress towards in-
tensive use of land and as a result the agricultural productivity in this project
area will materially advance.

(4) In order to execute the project in this basin, a construction period of
about 10 years (from 1967 to 1976) and an investment of approximately
1, 500, 300, 000 T. L. will be required,

The annual cost {(C} and benefit (V) ensuing from the above investment
are estimated at 102,910,000 T.L and 167,236,000 T.L respectively and
therefore, an annual excess benefit {V-C) of 64,326,000 T.L can be anticipat-
ed.

(5) The order of development of the Program divided into the following 3
stages, is concluded to be most economical and technically most appropriate.

First Stage Program:

Construction of Sandalcik and Asmacik Dams
Construction of Sandalcik and Bezkese Power Stations
Construction of transmission lines and sub-station
Agricultural development of the Dalaman Plain

Second Stage Program:

Construction of Gurleik Dam and Gurleik Power Station
Construction of sub-stations

Third Stage Program:

Construction of Géktas Dam and Goktas Power Station

Of the above, early realization of the First Stage Program is highly
desirable. In order to promote agricultural development of the Dalaman Plain
and to comply with the power demand from the western area, necessary pre-
parations for immediate commencement of works must be made to start partial
operation of power stations on the Dalaman River by the end of 1970.

For this purpose further detailed studies should be started immediately.



The commencementq dates of the works for the Second and Third Stage
Programs should be decided in relation to the growth rate of power demand in
the western area.

(6) Of the agricultural development plan of the Dalaman Plain included in

the First Stage Program, the flood protection plan and irrigation and drainage
plan require supplemental survey to support the reliability of feasibility study.
In view of the fact that construction of the Sandalcik Reservoir will require
guite a long period of time, and since it is inconceiwvable that there will be any
change in the basic plan or scale or other factors of the Sa;1da1cik Reservoir
and Asmacik Regulating Pond as a result of the above supplementary survey for
the agricultural development project early construction of the Sandalcik Re-
servoir, the Asmacik Regulating Pond which will serve as a regulating pond at
the most downstream point and as an intake as well, and the two power stations
of Sandalcik and Bezkese are recommended to obtain generating capacity of
161, 000 KW, which will produce 867, 600, 000 KWh of energy annually. Further-
more, by the construction of transmission lines and sub-station, the power thus
generated can be sent to Izmir and even before completion of the First Stage
Program great benefits can be expected as described in the paragraph below.
{7} The dam and power station included in the Sandalcik Project will require
a construction period of about three and a half years (1967 through 1970). The
annual cost {C) and benefit {V) from a total investment of about 735, 100, 000
T.L will be 54,501, 000 T.L. and 89, 617,000 T.L respectively and therefore,
an annual excess benefit of 35,116,000 T.L can be expected. With benefit-cost
ratio of 1. 64, this project can be termed to be highly economical.

Also, extremely cheap power, costing about 0. 065 T.L/KWh at the
Izmir Primary Sub-station, will become available.

(8) The above valucs are estimates on the basis of the entire costs of com-
mon facilities for irrigation (dam) and power generation being borne by power

only. However, when the First Stage Program is completed with the com-
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pletion of the Dalaman Plain agricultural development project the annual cost
and benefit from the total cost of about 987,100,000 T. L are estimated to be at
73,060,000 T.L and 110, 676,000 T.L respectively and therefore, an annual
excess benefit of about 37, 616,000 T.L can be expected. Benefit-cost ratio

in this case is estimated to be 1. 52.

In case the cost of common structure {dams) is allocated in proportion
to the respective excess benefits, the annual cost and benefit from the total
investment of about 269, 980, 000 T.L for the agricultural development project
will be 19, 603,000 T.L and 21,059,000 T.L respectively, and excess benefit
of 1,456,000 T.L with a 1. 07 benefit-cost ratio can be expected.

Also, the annual cost and benefit from the total investment of about
717,120,000 T.L for the power development plan in this case will be
53,457,000 T.L and 89, 617, 000 T.L respectively and an excess benefit of
about 36,160, 000 T.L with benefit-cost ratio being L. 68 can be expected.

The power cost at the Izmir Primary Sub-station will be about 0. 064 T.L/KWh,
slightly lower than that before allocation of cost of common structures.

{9} The works comprising a substantial part of the Sandalcik Project and
also governing its construction period are the construction of Sandalcik Arch
Dam, which is approximately 145 m high and contains about 490, 000 m3 of
concrete, and Sandalcik Power Station (underground type) with a generat-

ing capacity of 150, 000 KW. In order to complete these works by the end of
1970 it would be necessary to carry out definite studies and finish a part of
preparatory works between 1966 and 1967, and start the main works in 1967.

As proposed sites for the Sandalcik Dam, two locations, upper and
lower sites, were considered, but because of faults on the left bank and incom-
plete survey of the right bank of the lower site, the upstream site is taken up
in this Report for the reasons that the upstream area has less problems
geologically than the downstream site and it is technically easier to plan

with reliability, However, as there is the possibility of constructing a
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dam with greater economy at the downstream site, further thorough geological
investigation for final selection of the dam site along with a definite study of
the entire project will be necessary. Therefore, there is the possibility of

improving the economy of the project.

1-5-2 RECOMMENDATIONS

As described in the foregoing paragraphs, the Lower Dalaman River Basin
Development Program is highly economical and will make tremendous contribut-
ions towards the economic progress, not only of the western area, but also of
Turkey as a whole through improvement of social and economic conditions in the
project area and also through improvements in living standards of the inhabitants.

In view of the power demand of the western a'rea, this project should be
scheduled so that partial operation of the Sandalcik Power Station can be started
by the end of 1970 at the latest. It iz also recommended to start necessary pre-
paratory works as promptly as possible to expedite the agricultural development
of the Dalaman Plain. Of the works in the First Stage Program, there is the
definite study on hydraulic structures and power generation and associated
facilities which must be commenced as soon as the run-off observation, survey-
ing and geological and material surveys, described in detail in chapter 6-4
Future Surveys, have been completed. Along with the above, the next stage of
survey for the agricultural development program is recommended to be started
promptly upon completion of supplemental investigations in connection with the

feasibility studies of the flood protection, irrigation and drainage plans.

1-6 STATISTICAL SUMMARY

1-6-1 BASIN PLAN

Reservoir Plan:
Sandalcik Gurleik Goktas Asmacik Total

Catchment Area (km?2) 3,97¢C 4,510 4,770 4, 780

Annual Inflow { million m3) 939.9 1,340.6 1,541.7 1,543.6



. Sandalcik

Normal High Water

Surface Level (m) 705
Reservoir Surface Area 21.2
{(km?2)
Total Storage Capacity 965

{million m3)

Effective Storage 665
Capacity (million m3)

Available Drawdown (m) 43

Power Generation Plan:

Gurleik Goktas Asmacik

270

3.8

160

115

40

145

6.5

195

120

25

71

1.2

11,7

Sandalcik Gurleik Goktas Bezkese

Standard Intake
Level (m) 698

Tailrace Water Level (m) 270

Standard Effective 398
Head {m)
Maximum Discharge 44.3
(m3/s)
Maxirnum Output (MW) 150

Annual Energy Production 786.6
{million XWh)

Transmission Line and Sub-station Plan:

258

145

110

107.0

100

348.9

133

71

60

129.5

66

230.3

Transmission Line: Sandalick P.5. to Bezkese S§.5.:

39 km,

Bezkese 5.5, to Izumir S.5.:

240 km, 380 KV,

Sub-station: at Bezkese and Izmir

Flood Protection Plan:
Dalaman River Levee:
Design Flood Discharge:;
Total Length of Levees:

Tersakan New Waterway:

—_13—

71

30

35

36.5

11

87.5

l circuit.

1,700 - 2,100 m3/s

30 km

Total

32.7

1,331.7

902.2

Total

327

1,453,6

154 KV, @-2 circuits.



Design Flood Discharge:

Total Liength;
Tersakan-Kargin:

Design Flood Discharge:

Total Length of Levees:
Mergenlidzu-Sarisu:

Design Flood Discharge:

Total Length of Levees:

Irrigation and Drainage Plan:

-Project Area:

Maximum Water Requirement:

Unit Drainage Capacity:

1-6-2 FIRST STAGE PROGRAM

400 m3 /g

8 km

220 m3/s

18 km

240 m3/s

14 km

14, 000 ha
27.4 m3/s
plain 0,7 m3/s. km?

mountain 2. 6 m3/s, km?

-

The outline of the works included in the First Stage Program is as follows:

2 Water Sources for Irrigation and Power Generation and

Intake Facilities:

Sandalcik Dam:

Dam:
Main Dam
Type: concrete, arch dam
Height: 145.00 m
Crest Length 384.00 m
Volume Content: 490,000 m3

Spillway:
Type:
Capacity:

Gate:

Saddle Dam

center impervious
core, rock fill dam

40.00 m
760.00 m

720, 000 m3

center overflow with gates

2, 600 m3/s.

tainter pates, 3 sets
(10.50 m x 10 m)
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Asmacik Dam:
Dam: N

Type: '

Height:

Crest Length:

Volume Content:
Spillway:

Type: |

Capacity;

Gate:

:Power‘ Generation Facilities:
Sandalcik Power Station:
Waterway:

Type:

Length:

Inside Diameter:
Power Plant:

Type:

Installed Capacity:

Number of Units;

Annual Energy
Production:

Bezkese Power Station:
Waterway:

Type:

Length:

Inside Diameter:

center impervious core,
gravel-fill dam

25,00 m

250.00 m

420, 000 m3

overflow type with gates
5,700 m3/s

tainter pates, 7 sets

(10.50 m x 12, 00 m)

Pressure Tunnel Tailrace

circular shape

shape
3,850 m 6,430 m
4.50 m 4. 60 m
under ground
150,000 KW

75,000 KW x 2 sets

786, 600, 000 KWh

Pressure tunnel, standard
horseshoe shape

3,040 m

4.20m

Standard horseshoe



Power Plant:
Type:

Installed Capacity:

Annual Energy Production:

above ground

11,000 KW

81, 000,

Transmission Lines and Sub-stations:

Transmission Lines:
Section:
Sandalcik-Bezkese:

Bezkese-Izmir:

Sub-~stations:
Location:

Bezkese:

Izmir:

Length
39 km

240 km

Voltage

000 KWh.

Voltage Conductor
154 KV 410 mm?

380 KV 410 mm?
(double)

Capacity

154 KV/380 KV 200 MVA (ultimate 400

MVA) anto-transformer

380 KV/15¢ KV "

Flood Protection and Irrigation and Drainage Facilities for Dalaman

Plain:

Flood Protection Facilities:

Dalaman River Levee:
Total Length of Levees:
Earth Embankment:

Tersakan New Waterway:
Total Length:

Earth Works:

Tersakan-Kargin:

Total Length of Levees:
Earth Works:

Mergenliozii-Sarisu:

Total Length of Levees:

Earth Works:

30 km

1,500, 000 m>

8 km

1,200, 000 m3

18 km

545, 000 m3

14 km

355, 000 m>



"Irrigation and Drainage Facilities:

Total Liength of Main Canals: 80 km

Design Discharge Capacity: 15.7 - 0.2 m3f5
Total Length of Laterals: 272 km

Design Discharge Capacity: 0.3 -0.1m3/s
Pumping Stations: 3

Total Length of Main Drainage

Canals: 90 km
Design Discharge Capacity: 6 - 70 m3/s
Total Length of Branch
Drainage Canals: 166 km
Design Discharge Capacity: 0.1-0.9m3/s
Drainage Pump Station: 6
Area of Readjusted Fields; 14,000 ha
Others:
Bridges: 2
e. Construction Costs:

Sandalcik Dam and Power Station 447,000,000 T. L

Asmacik Dam and Bezkese Power
Station 104, 000,000 T.L

Transmission Lines and Sub-stations
184,100,000 T. L

Sub-total 735,100,000 T.L
Flood Protection, Irrigation
and Drainage Facilities 252,000,000 T. L.
Sub-total 252,000,000 T.L
Grand Total 987,100,000 T.L
1-7 REFERENCE DATA AND SYMBOLS

1-7-1 REFERENCE DATA

The basic data and references used in planning of this Development Pro-



gram were made availa_ble by DSI, EIE and the Meteorological Bureau of the Govern-
ment of Turkey. Principal basic data and references used are as follows:
With respect to Geographic Map:
1} Aerial Photo Maps: 1/800, 000 for entire Turkey
1/200, 000 for entire Dalaman River Basin
1/25, 000 for Lower Dalaman Riber Basin
1/5, 000 for Lower Dalaman River Basin along River

2) Topographic Map: 1/1, 000 for dam site areas of Sandalcik and
Asmacik Dam

With respect to Meteorology and Hydrology:
Temperature, humidity, daylight hours, precipitation, run-off, wind
velocity and evaporation of the Dalaman River basin and its vicinity
With respect to Geology:
1} Dalaman havasi jeologisi ve Asafi Dalaman projesi iteilgili mihend.
islik jeologisi raporu. (DSI 1965)
2) Dalaman-Sandalcik baraj yeri temel sondajlari jeoloji raporu(EIE 1965)
3) Dalaman-Goktas baraj yeri temel sondajlari jeoloji raporu (EIE 1965)
4) Dalaman-Asmacik baraj yeri temel sondajlari jeoloji raporu (EIE 1964)
5) Additional Boring Result of Sandalcik Dam Site
With respect to Electricity:
1} Seventh Annual Electric Survey 1964 {A report of EIE)
2) Statistics of Electric Power in Turkey 1961
3) Electrification Plan of Turkey (beginning of 1965)
4) First Five Year Development Plan 1963-1967
5) Memorandum II {(Received from EIE)
With respect to Agriculture:
1) Asafi Dalaman Project
Dalaman Plain Planning Land Classification Report {(DSI)
2) Agafi Dalaman Project

Agricultural Economy Planning Report (DSI)



3) Agagdi Dalaman Project .
Dalaman Plain Drainage Report (DSI)
4) A Soil Survey of the Koycefiz-Dalaman Area
(by Dr. L. J. Pons and Prof. Dr. C. H, Edelman)
5) Agricultural Structure and Production 1959-1961
(by State Institute of Statistics)
6} Monthly Bulletin of Statistics Dec. 1964
(by State Institute of Statistics)
7) Summary Report of Flood Damage in Dalaman Plain (DSI)
8) Ege bolgesinde yetigtirilen mahsullerin
Yetigtirme teknigi ve maliyetleri
(by Ege bdlgesi sulu ziraat aragtirma enstitisi mudirlizii)
With respect to Materials:
Test results of materials for construction of Sandalcik and Asmacik Dam
With respect to Indemnifications:
Property to be submerged and indemnification costs in connection with

Sandalcik and Goktas Reservoirs

Others:

1) Economic data, Standard unit costs of construction

2) Summary Report of Lower Dalarman Projects

3) Survey Report on the areas adjacent to the Dalaman River

1-7-2 SYMBOLS

The abbreviations used in this Project Report are as follows:

m meter(s)

km kilometer(s)
cm centimeter(s)
mm millimeter(s}
mé square meter(s)



km?2 square kilometetr(s) e

cm2 square centimeter(s)

mm square millimeter(s)

ha hectare(s)

m3 cubic meter(s)

g gram(s) -

kg kilogrami(s)

t metric ton(s)

m/s meter(s) per second

m3/s cubic meter{s) per second
m3/s-day cubic meter(s) per second-day

{1 m3/s day = 86, 400 m3)

KW kilowatt(s)

MW megawatt(s}
MVA mega Volt Ampere
KV kilovolt(s)

KVA kilovolt Ampere
KWh kilowatt hour(s)
T.L Turkigh Lira(s)
Krs Krush{s}

$ U.S. dollar(s)

¢ U.5. cent(s)

¥ yen(s)

1-7-3 CONVERSION RATES
1$:9T.L
1 T.L:100 Krs

1 T.L.: 40 ¥



1-7-4 DEFINITION

The dependable capacity of a power station is the average of the minimum

peak output of December of each year.
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2. GENERAL DESCRIPTION OF PROJECT AREA

2-1 LOCATION

Turkey consists of what is called Asian Turkey, the Anatolian Peninsula pro-
jecting between the Black Sea and the Eastern Mediterranean from the western end
of the Asian continent, and Eastern Thrace, in the southeastern part of the Balkan
Peninsula, which is called European Turkey. Its total area is 767, 119 km?2, of which
Asian Turkey accounts for 743, 634 km?Z and European Turkey for 23, 485 km?.

The entire country is situated between 25°40'E and 44"48'E and between
35°49'N and 42°06'N. It borders on the Black Sea in the north, the Soviet Union
in the northeast, Iran in the east, Iraq in the southeast, Syria and the eastern
Mediterranean Sea in the south, the Aegean Sea in the west and Greece and Bulgaria
in the northwest, The project area, which is situated in the southwestern part of
Turkey, covers five prefectures; Izmir, containing the city of Izmir which is
the third largest city in Turkey, Manisa, Aydin, Mugla and Denizli.

The Dalaman River flows about 220 km southeast of Izmir. Its catchment basin
extends between 28°41'E and 29°47'E and between 36°42'N and 37°42'N, covering

an area of about 5,200 kmZ2, The total length of this river is about 190 km.

2-2 TOPOGRAPHY AND GEOLOGY

2-2-1 TOPOGRAPHY

The Anatolia region of Turkey is surrounded by sea in the north, west and
south. Mountain ranges run almost parallel with the seacoasts. Between the
mountain ranges and the coasts are strips of coastal plains which also stretch
inland along rivers. There are a larger number of plains along the Aegean coast
than along the coast of the Black Sea. Mountain ranges are low in the west and
high in the east, and among them are peaks higher than 4, 000 m 1n elevation.

Inside this rmountain range lies a vast plateau which is around 1,000 m above sea



level.

The Taurus Mountains in the southwestern part of Turkey is the source of
many rivers flowing southward emptying into the Mediterranean Sea. The Dalaman
is the largest of these rivers, flowing over a distance of about 190 km and draining
an area of about 5,200 km2. The river has its source at Mt. Kerkeli and Mt.
Kapakli and flows slightly northward from this source and is called the Horzum
River in this section. It then flows into the Acipayam Plateau, is joined by the
Gaudir River, turns northwestward, and flows through the Acipayam Plateau, At
a point about 9 km southeast of Acipayam, it changes its course in a southwestern
direction from which point it is called the Kirenis River. After this, while
absorbing small tributaries, the river reaches Sugati. The river is called the
Dalaman after it is joined by the Tahtaci Stream which is one of the tributaries on
the left bank. The Dalaman flows rapidly through deep ravines surrounded by such
mountains as Kizileagil, Cal, Sandras and Bayram down to Asmacik, Later, it
meanders through the Dalaman Plain and flows into the Mediterranean Sea.

The uppermost part of the Dalaman Basin is a wooded and mountainous region
2,000 m to 2,500 m above sea level and with relatively great precipitation. The
Acipayam Plateau, 900 te 1,000 m above sea level, and constituting the midstream
part of the basin, however, has slight precipitation and is only partially cultivated.
Most of this part is grassland or marshy ground with few trees. Along the river
banks are a considerable number of terraced lands almost all of which are under
cultivation. The downstream basin, which begins at Sugati, is mountainous and
has relatively large precipitation. It is covered with latifoliate or conifer trees
{(mostly pine forests), and bare land is relatively scarce. Where the stream is
rapid, rocks are exposed on the river bed. Landslides occur frequently at many
rlaces along the river, and deep deposits of sand and gravel can be seen in regions
downstream of Goktas. Most parts of the Dalaman Plain, which constitutes the
lowest part of the Dalaman Basin, are under cultivation. Some parts which are

susceptible to floods due to poor drainage, however, are grasslands or waste land.
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2-2-2 GEOLOGY
The geology of Turkey consists of Paleozoic, Mesozoic and Tertiary forma-
tions which belong to the Alpine orogenic zone. The whole of Turkey geotectonically

can be divided into the following four regions:

Region Sphere Geology
Northern Anatolia Pontids mountain system Consists mainly
including the Marmara of Paleozoic
and northeastern Aepgean sedimentary rocks;
Sea regions there is also

a penetration of
igneous rocks;
folding is marked.
Inner Anatolia Central and western Consists of

parts of Anatolia sedimentary rocks,
from Paleozoic to
Tertiary formations,
and thermal meta-~
morphic rocks;
Igneous activities
from Cretaceous to
Paleogene are parti-

cularly conspicuous.

Southern Anatolia Mountain range and Consists of Paleozoic,
the southern region Mesozoic and Tertiary
along the coast of deposits.

the Mediterranean
Southeastern Regions along the Deepest in the Alpine
Anatolia eastern border geosyncline;

consists of continuous



Region Sphere Geology® PR
deposits from Paleozoic
to Tertiary; - . -
new Tertiary folds
are remarkable.

The project area belongs to the Inner Anatolia geotectonic zone, and the
geology consists of metamorphic and sedimentary rocks of Paleozoic, sedimentary
and igneous rocks of mesozoic and sedimentary rocks of the Tertiary and Quaternary
periods, .

Paleozoic metamorphic rocks are distributed widely in the regions lying north
to northwest of the line drawn from Milas to Denizli via Yatagan. The southern
edge of this region is featured by the presence of Paleozoic sedimentary rocks.
Mesozoic sedimentary rocks are found in the south of the Paleozoic formation.
They are distributed in the zone running from Bodorum to Tavas via Mugla and in
the zone from Datga and Bozburun to Lake Bordur via Fethiye. Mesozoic igneous
rocks are distributed between these two zones. The Tertiary and Quaternary
formations dot the regions between the Paleozoic and Mesozoic formations. Most
of them, however, are distributed widely in the inland region and along the rivers.
Following is an outline of the geology in the Dalaman River Basin:

The Quaternary period consists of talus deposits, river deposits and
terrace deposits. It is widely distributed in the Acipayam plains, both banks
of the Hiiseyin which is a tributary of the Dalaman, and in the lower part of
the Dalaman River. These deposits consist of earth, sand, clay, silt and
gravel, and are not consolidated. The river terrace deposits seen near
Karakol village in the midstream part of Dalaman River, however, are
consisderably well cemented.

Rocks of Neogene consist of marl, conglomerate, mudstone, chalk and
limestones. They are widely distributed in the upstream part from the point

where the Dalaman is joined by the Huseyin tributary. Marl and limestone
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are yellowish gray or gray in color and are consolidated, but become some-
what softened when they a.’bsorb water. Conglomerate and mudstone are brown
or red brown and are soft. Chalk is white but not pure in content. In most
cases, it is chalk containing chalky marl or sand or silt and is soluble in water,
Besides, there are also thin layers of sandstones and tuffite both of which are
not so hard. All these neogene formations are assumed to be lucustrine
sediments,

Mesozoic rocks are limestone, peridotite and schist. Limestones can be
found everywhere, in the form of great mass, across the upper and middle
part of the Dalaman. It can be supposed that these great mass were huge
xenoliths surrounded by peridotites in the period of lively igneous activity,
Peridotites are widely distributed from the upper to lower part of the Dalaman.
Schist is distributed in limited areas near Sandalcik and Inbagi.

Limestones are of two kinds; massive and bedded. Both are gray or
dark gray in color and are hard, but cracks are highly developed. In many
cases, the contacts with peridotites are accompanied by sheared zones.
Peridotites are red brown on the surface of the ground, but are green or dark
green deep beneath the ground. They are all hard. Serpentinization is marked.
At many places from the middle to the upper part of the Dalaman river can be
seen landslides and landcreeps of large scale. Schist is comprised of lime or
marl schist and green schist. All are soft and show marked weathering on the

surface of the ground,

METEOROLCGY AND HYDROLOGY

2-3-1 GENERAL OF WEATHER

Along the northern and southern seacoasts of Turkey are mountain ranges

about 3, 000 m high. Between these ranges lies the well-known Anatolian Plateau

(average elevation, 800 m). The country is surrounded by the Black Sea in the

north, the Mediterranean Sea in the south and the Aegean Sea in the west,



Accordingly, Turkey can roughly be divided into the following four zones so far as
weather conditions are concerned: Black Sea Coast Zone {Northern Coastal Zone};
Aegean Sea Coast Zone (Western Coastal Zone); Mediterranean Coast Zone {Southern
Coastal Zone); and Central Plateau Zone (Anatolian Plateau), Seasonal periods
differ slightly according to regions. In general, however, one year can be divided
into four seasons; winter frorm December through February, spring from March
through May, summer from June through August, and autumn from September
through November. Following are outlines of the weather in each zone:

(1} Black Sea Coast Zone {Northern Coastal Zone)

This zone has the greatest precipitation in the country, It has precipitation
throughout the year, especially heavily in winter. The mountainous regions of
this zone are covered with snow as deep as 2 m. The annual precipitation ranges
from 1,000 to 2,000 mm on the average, and reaches more than 3, 000 mm at some
places. The temperature is generally low, and in winter drops to -5° to -10°C
in the coastal districts and to -15°C in the mountainous districts. Even in summer,
the temperature does not rise beyond 25°C,

(2) Aegean Sea Coast Zone (Western Coastal Zone)

This zone, which is exposed to oceanic influences throughout the year, has
one-half of the annual precipitation in winter alone. The annual precipitation is
about 500 mm in the coastal districts and about 1, 000 mm in the mountainous
districts. Also the mountains higher than elevations of 1,500 m are covered with
snow. The temperature goes down to about ~5°C in winter and rise above 30°C in
summer.

{3) Mediterranean Coast Zone (Scuthern Coastal Zone)

This zone is featured by so-called Mediterranean climate. It has rainy
weather mainly from the end of autumn to the beginning of spring, and the annual
precipitation is 500 to i, 000 mm on the average. On the southern slope of the
Taurus Mountain Range, however, it reaches 1,000 to 2,000 mm. The highlands

are covered with snow throughout winter. In winter and spring when this zone is



on the northern side of the Cyprus low pressure zone, the strong winds known as
Bora (winter) and Fohn (spring] blow through this zone, causing a reduction in
humidity. This zone is mild.in winter because it is sheltered by the Taurus
Mountain Range which stands as a barrier to the southerly advance of cold air
currents. The highest temperature in winter is 14° or 15°C and the lowest is 4° to
6°C. At some places, however, it goes down to about -5°G. There is scarcely
any precipitation from spring to the beginning of fall, and it is very hot in summer.
The temperature from June through September goes up above 30°C in the daytime,
and sometimes exceeds 40°C:

(4) Central Plateau Zone {Anatolia Plateau Zone)

This zone has a continental climate. The precipitation is the least in the
country and is almost limited to winter. The annual precipitation is less than 500
mm in general. Especially in the districts around Lake Tuz, it is less than 300 mm.
Snow does not stay on the ground very long in the western part, but in the eastern
part it is as deep as 1.5 m in winter. The high mountains are covered with snow
all the year round. The seasonal fluctuation in temperature is very great. The
temperature drops to 5°C even in.the daytime and to -10°C to -15°C at night in

winter, but rises te 30°C to 35°C in the daytime in summer.

2-3-2 GENERAL OF METEOROLOGY AND HYDROLOGY IN THE
DALAMAN RIVER BASIN

Meteorologically, the upper Dalaman reaches belong to the Central Plateau
Zone and the lower part to the Mediterranean Coast Zone. Accordingly, the annual
precipitation is about 600 mm in the upper p:;rt and about 1, 200 mm in the lower,.
Roughly, the drought season lasts from April through September and the rainy
season from October through March. The highest and lowest temperatures and the
average monthly humidity are shown in Fig. 2-3-1. In this chart, the temperature
and humidity at Acipayam reflect those in the Central Plateau Zone and those at
Dalaman, Kdycegdiz and Fethiye are indicative of those in the Mediterranean Coast

Zone.



As for the outflow; ‘there is a clear difference between the upper-and lower -

parts-of the river. The mean annual specific run-off'in the upper pai't"is\“O:’S m3/

5/100 km2, as against 2.5 m3/s/100 km? in the lower basin. The ratio between -

the outflow in the droupght season and that in'the rainy season is about-1:3, ..~

[
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Fig. 2-3-1 Variation of Monthly Temperature and Humidity
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2-4 TRANSPORTATION AND COMMUNICATIONS

Turkey stretches across the Asian and European continents and faces the Black
Sea and the Mediterranean Sea. Therefore, it has been an important center of
traffic since ancient times. i .

Railroads connect the major cities of the country and the total length in 1960
was about 7,300 km. Trunk lines extend to Europe and‘Asie‘L. , Y

The total length of roads is about 50, 000 km, and about 15% are.paved with
asphalt. .

Marine transportation is an important factor in Turkish economic life, and ,
-~ ¢ - -7 . Ll EE LAY

there are many good harbors such as Istanbul and Izmir.



o+, Asd for civil ayiqtion; there are many international airlines which servicg,.the
country, and there is a network.of domestic airlines covering almost all of.the
important cities in the country.

In the southwestern part of the country, railroads, airways and navigation

courses reach out-from Izmir which is the economic center of this-region. To the
; } o .
Dalaman Basin there is one road which leads from Izmir to Fethiye. Fethiye on

H
t

- » 1
the lower part of the Dalaman River is an excellent natural harbor where vessels

of 16, 000-ton class can be accommodated.

‘There is a network of telegraph and telephone services covering the major

]
]

citiés which is connected with international services.
2-5 POPULATION

The population of Turkey has been increasing during the past 30 years.
Especially recently, the rate of increase is about 3% yearly. Population increase

must be taken up as an important factor in formulating economic development,

plans for Turkey in the future. Following is a table of population statistics since

1927.
Table 2-5-1 Population of Turkey 1927 - 1960

1927 1935 1940 1945 1950 1955 " 1960
Total Population (103) 13,648 | 16,158 | 17,821 | 18,790 ( 20,947 | 24,065 27,830
Rate of annual increase (%) .19 1.6 10,7 2,20 2.82 2,95
Male Population (%) 48,1 49.1 49,9 50.3 50.3 a0,.8 51,1
Rural Populaticn (%} , 82,2 80.1 9.0 78.7 78.2 4.4 11.3
Active Population (Aged 15 Above) 10,020 | 11,620 | 13,200
Pepulation of West Region 3,022 3,440 3,938

Source: Prime Ministry of the Republic of Turkey; First Five-Year Development
Plan, Section 1.

As can be seen from this table, there is an exodus of population from agri-
cultural regions to the cities. The rate of population increase in the cities is

about 6% a year, as against about 2% in rural repions. Population increase in




Turkey is expected to follow the present-trend, and the future population.envisaged

in the First Five-Year Development Plan is as follows: )

Table 2-5-2 Population and Composition of Population 1960 - 1985

Population 103 1360 1965 1970 1875 1980 1985
High Fertility 27,830 | 31,996 | 36,697 | 42,558 | 49,947 | 59,162
Medium Fertility 27,830 | 31,936 | 36,401 | 41,579 | 47,744 | 55,016
Low Fertility 27,830 | 31,936 { 36,106 | 40,635 | 45,701 | 51,313

Active Population Ratio (%)

High 53.6 33.0 53.5 53.6 52.9 52.2
Mediutn 53.6 53.0 54.0 54.9 55.3 55.6
Low 53.6 63.0 54.5 56.2 57.8 59.1

The figures in this table will have to be modified according to the population
policy to be taken by the Turkish Government in the future. In any case, however,
it must be expected that the rate of population increase in Turkey will remain con-
siderably high.

The population of the southwestern region accounts for about 14 per cent of the
total population of Turkey and was 3,928, 000 in 1960. Because of its favorable
geographic conditions, this region is expected to show great development in the
future. Accordingly, its population, too, should greatly increase. Izmir, which
is the principal city in this region, had a population of 371, 000 in 1960.

It is the third largest city in Turkey following Istanbul and Ankara and is the peli-

tical and economic center of the southwestern region.

2-6 INDUSTRIES AND ECONCMY

2-6-1 NATURAL RESOURCES

Turkey has few mineral resources. It produces small quantities of chrome
ore, hard coal, lignite, iron, copper and salt. Besides there are very limited
amounts of sulphur, mercury, lead, zinc, manganese ore, antimony and silver.

Following is a table of mineral reserves and production:
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Table 2-6-1 Mine_ral Reserves and Mineral Production 1961,

T ) 7Estimats of hesarvcs Production
Minerals Weight (203 tons) Weghe Value
(103 rons) (108 TL)
Hard coal 1,500,000 3,711 431.7
Lignite 847,000 2,609 . 90.8
Iron 85,600 840 58.8
Chrome 60,000 400 102.0
Copper 20,000 723 13.3
Lead 300 8 1.4
Bauxite 150,000 55 17,1
Manganese 40 2.1
Sulph;u;- 31 1.5
Pyrites 8,700 116 11.0

Source: Prime Ministry of the Republic of Turkey First Five-Year Development Plan;
Section VI,

The southwestern region produces iron, chrome and bauxite ores.

Besides these, Turkey has forest and marine product resources.

2-6-2 ECONOMY

Turkish economic life at present is supported by agriculture. The agricultural
population accounts for 70% of the total population of the country, and agricultural
income account for 40% of gross national income. With modernization of a country,
the weight of agriculture in economic life gradually decreases and agriculture
becomes a secondary industry, but promotion and development of this industry will
still be an important problem. The following table shows the sources of national

income in Turkey.

Table 2-6-2 Share of Agriculture Industry and Services
in Naticnal Income

1927 | 1938 | 1948 | 1950 | 1958 | 1961
Agriculture (%) 67 48 53 52 44 42
Industry {2 10 18 14 16 22 23
Services (%) 23 38 a3 32 34 a5
National Income (%) 100 100 100 100 100 100
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1927 1938 1948 1350 1958 1961
Per Capita Income (1938=100) 65 100 69 101 129 125
Gross National Product {106 T'L) 10,067.0 10,384.3 | 36,108.8 | 49,213.0

7

4
Source: Prime Ministry of the Republic of Tutkey, First Five-Year Plan. Section I,

Note: GNP Is Gurrent prices,

1

Turkey has been pursuing a 15-year development plan since 1963, with the

following figures as goals:

Table 2-6-3 15-Year Targets of Planned Development

1962 1967 1977 Remarks

Gross national Products (109 TL) 52.7 13.9 145.3 7% Growth Rate
Agriculture Proportion in GNP (%) 43,8 3é.3 20.4
Distribution of Active Population

Agriculture (%) 1.4 7.1 58.1

Industey (%) 2.8 1.9 15.6

Services % 12,8 17.0 26.3
Some Production Targets

Transportatfon (ton/passenger km) 18,6 29,2 45,6

Irrigation {103 hectares) 1,000 1,500 3,000

Energy (106 tons of coal) 19.8 27 43

Perroleumn {109 tons) 3,314.8 4,180 9,955

Cement (103 tons) 2, 450 3,503 6,350

Irion and Steel (103 tons) 560 885 1,600

Artlficial Fertilizers (103 tons) 325 1,263 2,843

Cotton Fibres (103 tans) 128 160 250

Wool Fibres (203 tons) 36 40 48

Artificial Fibres (103 tons) 4 [ 13

Paper (202 tons} 101 140 200

Source: Prime Ministry of the Republic of Turkey First Five-Year Plan Section II.

At present, the First Five-Year Plan (1963-1967), which is based on the said

15-year plan, is in force. This plan aims at a drastic economic development of the

country, with the rate of economic growth fixed at 7% annually.

The actual rate of

growth, however, will decrease to 4%, if the rate of population increase remains

at 3% a year hereafter. The following table shows the major target figures under




the First Five-Year Plan,

Table 2-6-4 at 1961 prices
1962 1963 1967 Growth Rate (%)
Production Torgets
Agtleulture (105-TL) 34,690.0 36,470.0 43, 560,0 4.1
%) 43.8 43,0 38.3
Mining and quarrytng  (10% TL) 2,341.4 | 2,588.9 | 3,571.4 8.7
) 3.2 2.3 3.6
Manufacturing (106 TL) 18,203.5 20,867.1 31,482,1 11,5
% 12,8 13.5 16,7
Encrgy {108 TL) 648,0 729,1 1,187.1 12.8
D) 0.8 0.9 1.1
Transport and communication
(106 TL) 3,378,2 3, 744.9 5,3840,2 9.6
¢0) 3.9 4.1 4.8
Total (106 TL) 59,261.1 | 64,395.0 | B5,127.4 7.5
Eleetrle Power 13
Power (MW) 166 855 1,381
Energy (108 kwh) 3,550 4,011 6,539
Forelgn Trade
Imports (CIF) (208 5 561 704
Exports {FOB) (106 5) 348 457

Gross natlonal production (GNP) is to increase at a rate of more than 7% a
year. Esapecially, manufacturing, which is related to the consumption of electric
power, is to expand at a rate of 11. 5%, Correspondingly, the output of energy,
too. 18 expected to increcase at a rate of 12, 8%. To make such industrial develop-
ment possible, foreign trade must be expanded year by year. Also the rapid

economic growth requires enormous investments as shown in the following table.

Table 2-6-5 Gross Investments 1963 - 1967
{106 TL at 1961 prices)

1963 1964 1965 1956 1967 Total %o
Ageloulture 1,213,2} 1,712.2| 2,182,0 | 2,590.0 | 2,851,0| 10,548,4 | 17.7
Minlng and wuatrying 467.8 T35.2 794,6 809,9 435.5| 3,238,0 5.4
Manufacturing 2,166,031 2,359,9| 2,276.9{1,726,4| 1,559.7! 10,089.2 | 16.9

— 37—



1963 1964 1965 1966 1967 Total )

Energy 706, & 850,0} 1,0587.9| 1,233.5( 1,286.2 9,134.90 8.6

Transport and Communicarion 1,298,047 1,355.9| 1,482.3| 1,851,9{ 2,176.3 8,159.4 13.7

Services 581.0 a26.1 637.0( 1,030,0( 1,291.8 3,965.9 6.6
Housing 2,085.0] 2,228.04 2,390.0% 2,394.0] 2,818.0 12,116.¢ 20.3
Education 660,0 783.0 795.0 836.0( 1,1s83.0 4,227.0 7.1
Health 200.56 230.1 218.2 320.2 317.9 1,346, 9 2.3
Tourism 145.5 148, 2 164.7 175.6 19-3.0 827.0 1.4
Total 9,513.7(19,829,6( 12,058,6(11,167.5| 14,077, 4 } 59,646.8 | 100

Source: Prime Minwsiry of the Republic of Turkey, First Five-Year Plan, Section V.

Gross investments are equal to about 18% of GNP. Expecially, the rate of
investments in such fields as housing. agriculture, manufacturing and energy is
very great. The southwestern region, which faces the Mediterranean sea and has
favorable climatic conditions, yields abundant farm products. The processing and
export of these products are actively engaged 1n 1n this area., Especially in recent
years, industries relying on the resources of this region are developing around
Izmir which has a good natural harbor, making the Izmir district an important

industrial center second only to the Istanbul district in the country.
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3. NECESSITY OF DEVELOPMENT

ELECTRIC POWER

3-1-1 PRESENT SITUATION OF POWER FACILITIES

a. General Situation

The electric utility industry in Turkey started with the first power plant
completed at Tarsus in 1902, and power supply to the public was initiated in
1913. Since then, the power industry has attained a gradual devlepment under
a dual system of municipal plants and auto-producer plants, and after World
War II in particular, it has shown further devlopment under a powerful national
system, and is now continuing a rapid growth.

In 1953, the Develt Su Isleri (DSI) was established by law, and this organi-
zation started multipurpose devlopment of water resources whereby hydro-
electric power generation became the major phace of the development projects.

In other words, hydroelectric capacity, which accounted for only 4 % of
the total installed capacity in 1945, came to account for as much as 35 % as of
1964,

This fact indicates that the power development program in recent years
has come to place emphasis on water power, and the said percentage is ex-
pected to increase in the near future.

As of 1964, the total installed capacity was 1,438.5 MW of which 502.8 MW
{35 %) was hydroelectric power and 935.7 MW (65 %} was thermal electric
power. The annual energy production was 4,434.8 million KWh, annual energy
consumption 3, 800 million KWh, and energy consumption per capita was about
123 KWh.

The electrification rate among the people is low, with only about 32 % of

the total population being supplied with electricity. In terms of per capita of
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the electrified population, energy consumption is about 380 KWh.

In the future, power consumption will increase by the expansion of economic
activities, decrease in the population with no electric lighting now accounting
for as high as 68 % of the total population, natural increase in population, and
other factors and therefore power development corresponding to this situation
must be attained at a high tempo.

To meet this end, the best policy conceivable is to make use of the abun-
dant water resources possessed by Turkey.

According to a recent survey, Turkey's economically usable water poten-
tial is said to be 90, 000 million KXWh, of which only 2% has been developed to
date.

a-1 Power Plants

In the early stage of development, small-scale power stations were built
with engines supplying the motive force, and in 1922, power generation of
10 MW unit class using steam-turbines was started in Istanbul.

Hydroelectric-power has been developed since 1956.

Classified by types of enterprise, and also by the system of power
generation, i.e., hydroelectric and thermal, the installed capacity in and
after 1940 are as shown in Table 3-1-1.

a-2 Power Transmission System

Development of power transmission lines in Turkey was started in 1940
with the construction of a 33 KV, 14 km line. This was followed by the com-
pletion of the first 66 KV, 98. 6 km line in 1949 and further by the comple-
tion of a 154 KV, 238 km line in 1952, and the development is still continuing.

As of 1964, power transmission lines extend to 2,783.1 km for the 154
KV lines, 1,519.4 km for the 66 KV lines, 1,274, 5 km for the 33 KV lines,
and 812. 6 km for lines of 15 to 33 KV, and in addition, lines totalling 1,400
km are under construction. Moreover, construction of a 380 KV, 390 km

transmission line of extra-high voltage is scheduled for 1965,
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The present power transmission networks in Turkey can be roughly
classified into the following three systems.

1. Northwestern and Western Systems covering the zone from the North-

west Area to the Western Area.

2. Regional systems located in each region for smallscale power trans-

mission.

3. Isclated distribution systems for power supply to village units.

The Northwestern and Western Systems are of 154 KV lines, and connect
power plants and load centers with power lines of about 3, 000 km in total
length, When transmission lines of 66 KV or lower are included, the total
length reaches about 5, 000 km, and these systems supply 75% of the total
energy demand in Turkey.

a-3 Supply and Demand

Turkey's power supply capability as of 1964 shows a total installed
capacity of 1,438.5 MW, energy production of 4, 434, 8 million KWh, and net
energy consumption of 3, 800 million KWh.

Power supply and demand in and after 1950 are as shown in Table 3-1-2.

Table 3-1-2
Year Installed Nonsumul- Gross Net Consumption | Annual
Capacity taneous Production Production Increase
Peak Load
(KW) (KW) (Kwh) (KWh) (Kwh) (®

1950 407,781 190,000 ‘189, 624 728,180 678,806

1951 423,242 218,000 8817, 922 819, 855 764,005 12.6
1952 431,836 268, 000 1,020,248 938, 674 818,621 15.0
1953 499, 549 296,000 1,200,802 1,113,655 1,012,538 15,3
1954 516,894 335,000 1,402,442 1,304,269 1,191,518 17.1
1955 611,633 366, 000 1,579,818 1,469, 970 1,347,250 13.1
1956 886,068 399,000 1,819,156 1,691,450 1,544,839 14,7
1957 939, 399 434,000 2,056, 683 1,922,201 1,757,039 13,7
1958 1,029,971 501,000 2,303,442 2,163,166 1,961, 540 11.1
1959 1,161,033 558, 000 2,587, 349 2,434,607 2,170,491 10.7
1960 1,272,432 617,000 2,815,071 2,674,641 2,395,720 10.4
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Year Installed Nensimul- Gross Net Consumption | Annual
Capacity taneous - Production Production Increase
Peak Load
{KW) (Kw) {KWh) {KWh) (Kwh) 0]
1961 1,323,875 694, 000 3,080,000 2,868,302 2,610,000 8.9
1962 1,370,846 802, 000 3,553,400 3,388,622 | 3,039,000 |16.4
1963 1,393, 750 924,000 3,960,000 3,821,100 3,420,000 | 12.5
1964 1,438, 500 1,006,000 4,434,800 4,215,500 |- 3,800,000 | 11,%

Note: Figures in and after 1962 parnially mclude estimated values,

As is seen from Table 5-1-2, the installed capacity shows a margin of
about 40 % over the peak demand, and the supply capacity therefore can be
said to be sufficient.

The growth rate of power demand in the period from 1950 to 1962 is 13.3

% and its breakdown is as shown below.

Dommestic and commercial : 15.0 %
Offices : 12.2 %
Street Lighting : 13.0%
Industry : 13.0 %
Total : 13.3 %

Also, the breakdown of power consumption by users is as shown below.

Year 1950 1960 1964
10%Kkwh % 10%%wn % 109xwh %

Domestic and

Commercial 108,17 16,0 460.4 19.2 612.0 16.1
Offices 21,4 3.2 68,5 2,9 160.0 3.2
Street Lighting 22,0 3.2 76.8 3.2 100.0 2.6
Industry 508.8 78,0 1,751.5 73.1 2,880.0 75,8
Traction 17.9 2.6 38.6 1.6 48.0 1.3
Total 678.8 100 2,395, 7 100 3,800,0 100
Losses 49.4 278.9 420.0
Net Production 728.2 2,674.6 <4,220.0
Consumption of Plamt

Auxiliaries 51,4 140, 4 214.8
Gross Production 789.6 2,815.0 4,434, 8
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The EIE divides the couﬁtry into the following‘eig‘ht g‘,reas inits wre‘g‘ior‘la.l o
classification in the national power supply—demaknd statistics of Turkey

- Py - . . . - e

(see Drawingﬂ 36).

Areal Northwest

Area;]'l North

Atea’III “  TSouthWwest " " :

Area IV South

Area V Middle

Area VI hNortheast

Area VII East

Area VIII Southeast .
b. Present Situation of Power Supply Capability : i’

As of the end of 1964, power plants operating under the Northwestern
System and the Western'System and the existing power plants expected to be

incorporated into these systems are as shown in Tables 3-1-3 and 3-1-4,
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3-1-2.. . EXISTING POV{E;{ DEVELOPMENT PLANS AND OUTLOOK
To meet the increasing po;ver demand with the progress of the first 1963-1967
Five-Year Development Plan, power development and power system expansion and
consolidation are being executed by the Turkish Government. ‘
Power plants and power systems now under construction or under planning are

as shown below.

a. Hydroelectric Power Plants

Area Name of Plant Dependable Annual
Capacity (MW} Energy
Production 1 pA
(106K Wh)
I Seariyar (Extension) 75 1966 1966
I Kesikkopru 76 175 1967-68 1967-68
I Gokcekaya 300 560 1968-69 1968-69
il Kovada II (Ex. ) 48 200 1967 1971
v Almus 15 817 1965 1970
Vi Hazar II {(Ex.) 10 47 1966 1971
VIIL Keban 1,085 6,000 1970-76 1970-76
I Esencay 15 75 1967 1967
Note : 1 Year for start of operation
2 Year for connection with transmission networks

Besides the abovementicned power plants, the 150 MW Kadincik Power Sta-
tion (Area IV), 24.6 MW Harsit Power Station (Area VI},and 14.4 MW Cagcag
Power Station (Area VIII) are the major plants now under construction. However,
since these plants are expected to be used for meeting the demand in their re-
spective areas as independent systems up to about 1977, their details have been

omitted.

b. Thermal Power Plants

Area Name of Plant Dependable Year for Year for
capacity start of connection
MW operation with network
1 Tuncbilik({Ex. ) 60 1965 1965
I Arnbarli 200 1966 1966
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Besides these, the 50 MW Mersin Power Station (Area IV) is now under
plan. However, since it appears this plant will not be connected with the power
transmission networks until 1977, its details have been omitted.

c. Power Transmission Systems -

Expansion and reinforcement of existing 154 KV, 60 KV, and 30 KV
systems are being implemented. The principal work related to the North-
western Area and the Western Area are as mentioned below.

c-1 In the Western Area, the Esencay Power Plant {Hydro-electric, 15 MW)
will be completed in 1967. In this year, the extension of the present 154 KV
transmission line between Izmir and the Kemer Power Plant to the Esencay
Power Plant via the city of Mugla should be completed to supply power to the
proposed Dalaman Paper Factory.

c-2 Also, to meet the increase in demand in the West Area, especially the
increase in the load Edremit, the power line interconnection between the
Western Area and Northwestern Area must be strengthened. When this pro-
ject is completed, interchangeable power between the two areas will reach
about 100 MW.

c-3 In the Northwestern Area, Turkey's first EHV transmission line of 380
KV will start operation in 1968 between Ankara and Istanbul by the completion
of the Gokcekaya Power Plant. In addition, in 1970 when the Keban Power
Plant is to start operation, one circuit of 380 KV will be completed between
Ankara and Keban, and at the same time, a transmission system of 154 KV is
planned to be constructed in the vicinity of Keban.

¢-4 As a result, the present power network called the Northwestern System
will expand its service areas to the Middle Area in 1970-1971. Thus, for
convenience the power networks at this year (1970) were divided into the fol-
lowing three large zones.

Northwestern System: The present Northwest Area, which includes such

key cities as Istanbul and Ankara, will be connected with the Southwest {I1I)
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v o AreayiMiddle (V) Area, Samsun and vicinity of the Northeast (Vi) Area, and
Elazig and vicinity of the Southeast (VIII) Area. For the purpose of identifica-
.4 tion,;this system is temporary named Northwestern System.

Western System: The Western System and the Northwestern System are
now interconnected. Tentatively, however, it has been decided to consider the
Western System and the Northwestern System separately.

Other Systems; Other areas, which are not included in the above two
systems, will probably develop maintaining their respective small independent
transmission systems. It is evident that the Southern (IV) Area in particular
will be connected with the Keban System in the future. However, since the
present power resources development plan and the future demand in the South-

ern Area are expected to keep balance until 1976, connection between this area

and the Keban System can be considered to take place in or after 1976.

3-1-3. SUPPLY-DEMAND FORECAST

a. Basic Concept of Demand Estimates

Power demand is reflected in all social activities, such as national life
and industry, and to make exact estimates is‘extremely difficult. Demand
estimates are conducted by a combination of various methods in advanced
countries. In a long-range view, power demand is said to have correlations
with gross national production (GNP), population, industrial national produc-
tion {INP), and so forth. However, this correlation varies in countries, and
cannot be defined uniformly. Especially, in countries in the stage of develop-
ment, power resources development takes precedence and sometimes stimu-
lates demand, and locally the expansion of power distribution networks will
occasionally increase demand.

In this demand estimate, a long-range average trend has been estimated
from a macroscopic viewpeint by taking into account the past trend obtained

from available data, the Five-Year Development Plan of the Turkish Govern-



ment, demand estimates conducted by EIE, changes in power consumption per
capita, and so forth.

The period for estimation was tentatively made to 1977 in the light of the
15-Year Plan now under way in Turkey.

At first, estimates were made macroscopically for the demand of entire
Turkey, then demand estimates for the Northwestern System, with Keban in-
cluded, at the point of completion of its expansion in the future, and also for the
Western System were made.

b. Power Demand of Entire Turkey

According to the Statistics of Electric Power in Turkey, the net energy
production has shown an average growth rate of about 13 % for the past ten
years (1952-1962). Of this period, the first five years marked about 15 %, and
the second five years about 12 %, both being considerably high growth rates.

This fact is believed to have resulted from the normal growth correspond-
ing to economic growth during the period as well as the expansion of power
transmission and distribution systems.

On the other hand, the growth rate of the GNP during this period was
5.2 % for the five-year period from 1952 to 1957 and 3.7 % for the five-year
period from 1957 to 1962.

It is difficult to seek the correlation between GNP and growth of_electric
power from these percentages, and it is not reasonable to use the coefficients
thus obtained for estimating future power demand.

However, as the power plan and the industrial production plan in Turkey
progresses, the industrial structure of Turkey will come closer to that of
advanced countries, and the correlation between electric power and GNP will
become stronger.

As mentioned in the preceding paragraph, the growth rate in this demand
estimate was made macroscopically by the following means.

The growth rate during the Second Five-Year Plan which ends in 1972
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will be similar to the trend in the past. Consequently, the rate in this period
was estimated at 12 % annually, and since the 1972-1977 period is expected to
show a lesser growth rate, it was estimated at 9, 0 % annually,

These percentages are considered to be reasconable compared with the
predicted growth rate of 7 % for GNP under the 15-year development plan now
under way. ’

Also, on the assumption that the rate of population increase is about 3 %,
the net production per capita is estimated at 171 KWh for 1967, 254 KWh for
1972, and 343 KWh for 1977.

Table 3-1-5 shows the actual results and estimated values of electric

power and GNP.

Table 3-1-5
Actual Estimates
1952 1957 1962 1969 1972 1M
Electric Energy
Net Production
{106 Kwh) 940 1,929 3,389 6,020 10,320 15,950

(A) Grawth Rate (%) 15,3 12.0 12.0 12.0 9.0

GNP (109 T.L) 36.6 44,0 62.1 3.9 103.5 145.3
(B} Growth Rate %) 5.2 3.7 1.0 1.0 1.0
KWh/Capita 115 179 272 365

c. Demand of Northwestern System

The dernand has been classified by regions using the afore-mentioned
reference materials, such as, the Seventh Annual Electric Power Survey 1964
and the Statistics of Electric Power in Turkey, and studies have been conducted
of demand estimates in each region from various angles. A conclusion reached
through these studies is that the present regional systems, which are not con-

nected with the Northwestern System, will successively be incorporated in the
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networks of the system at the time when supply capability becomes insufficient
under the development plan now being implemented.

To be more specific, it was assumed that the Isparta Regional System
and Antalya System in Area III will be connected with the Northwestern System
in 1971, and that the Tokat Regional System and Samsun System in Area V will
be incorporated in the network by 1970, and the Elazig System in Area VII at
the time when the Keban System starts operation.

The systern load factor is now about 52 %, but this will probably increase

to about 55 % in the future. The estimates of demand are shown in Table 3-1-6.

d. Demand of Western System

In this study, detailed field surveys were not conducted. Therefore, the
total demand in the West Area was estimated by referring to the Present and
Future Energy Requirement contained in Memorandum II from EIE, and by
changing the year of establishment of industrial plants on the basis of the re-
vised industrialization plan and other information obtained in the field. The
estimated values shown by EIE are a little higher than the macroscopically
estimated growth rates {12 % up to 1972 and 9 % thereafter) of demand in entire
Turkey mentioned above, but are considered appropriate.

The future load factor of this system is estimated to be about 52 %,
which is a little lower than that of the Northwestern System. The estimated

demand of this system are shown in Table 3-1-6.

e. Balance between Supply and Demand (in December)

The balance between supply {from the existing facilities, facilities under
construction or planning and those expected to be established in the future
under the Dalaman Project) and demand {mentioned in the preceding paragraph}’
until 1980 was studied, and the results are shown in Table 3-1-7. The dis-
tricts, which were the objects of study were the Northwestern System and the

Western System. Details of the supply capability are shown in Tables 3-1-8a,

3-1-8b and 3-1-9,
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Table 3-1-6 Power Dema:nd Forecast

Actual Estimated
60 61 ‘62 '63 64 '65 '66 Ky '68 | 69 i) Tt 72 13 14 "5 '76 ‘77 78 19 '80
{1} Net energy demand in Turkey mllion KWh 2,675 |2,868 | 3,389 | 3,821 |4,220 4,780 5,370 | 6,020 | 6,740 |7,550 {8,450 | 9,470 {10,320 11,250 |12,280 | 13,400 {14,600 | 15,950 |17,400 | 18,4950 |20,650
{at sending end) ’
Annual growth rate % 7.2 18,1 12,8 10.3 12,9 13,1 12.0 12.0 12,01 12.0 | 2.0 9.0 9.0 9.0 9.0 9,0 9.0 9.0 9.0 9.0
Population 1,000 29, 400 32,400 (33,400 (34,400 317,300 |38, 400 42,600 4%,950 41, 500
KWh per Capita 115 151 161 11 254 270 343 364 LKy
(2) North-Western System million KWh 3,112 | 3,433 | 3,915 4,410} 4,880 | 5,673 | 6,545 7,160 7,720 | 8,600 9,330 10,200 | 11,160 | 12,260 [ 13,4380 |4, 4495
(at sendng end)
Annual growth rate % 10.3 14.0 12.8 1.0 16.0 § 15.95 2.4 1.1 11,5 8.5 9.0 9.5 9.5 9.3 8.3
Annual load factor % 53 53 54 54 54 55 55 85 59 85 55 Lt 55 55 55 55
Peak power demand 1,000 KW 669 742 80 933 | 1,041 1,191 | 1,367 | 1,487 1,611 | 1,715 1,940 2,116 | 2,314 2,500 | 2,767 | 2,995
(3) Western System millicn KWh 593 847 956 1,076 1,210 {1,357 1,475) 1,600 1,770 1,950 2,170 2,350| 2,600 2,830 | 8,160 3,470
(at sending end)
energy demand
Annual growth sate % 43.0 12.8 12,0 13.0| 12.0 8.7 8,4 10,5 10,2 11,2 8.3 10.6 B.8 11,7 9,8
Annual load factop % 50 50 50 50 50 50 52 51 51 51 52 52 51 51 51 52
Peak power demand 1,000 KW 136 192 217 244 | 213 305 325 356 396 435 478 511 571 627 704 765
(21(3) = Total system energy | million KWh 3,705 | 4,280 | 4,870 | 5,480/ 6,105 7,080 | 8,020 } 8,760 | 9,400 {10,550] 11,500 12,550 | 13,760 | 15,090{ 16,540 |17, 965
2)+ {3
-LL(EU- x 100 = Ratio of % 9.7 85.0 86.3 87.0
systematization







e-1 1966-1969° -¥7% ~  ealgl boar Lo

In the peried from 1966 to 1969, there will be a shortage in KWh, even

fowh A md Ay ey - -

with the éuio systems cc;}‘nbined.t This is because the operating time of the
existing fthermal power plants was estimated at 6, 000 hrs. Therefore, the
shortageican be covered easily by extending the operating hours, It will become
necessarjy to send 66 MW in 1968 and 98 MW in 1969 from the Northwestern
System t;: the Western System. The aforementioned plan to strengthen inter-
connecti?n of power line;s is to meet this necessity. .

e-2 19%0-—1976‘

When the balance is examined on the assumption that the development of
the power stations in the Dalaman Systern are completed smoothly and can sup-
ply power to'the Western System in 1970-1976, it is found that there will be a
surplus of energy supply capability of 225, 000, 000 KWh in 1971, 90,000, 000
KWh in 1972 and 106,000, 000 KWh in 1974. This means that thermal power
generation in the Western System can be reduced correspondingly.

e-3 1977 and subsequent years

As can be seen from Table 3-1-7, there will be a shortage in both KW
and KWh in 1977 in not only the Western System but in the entire system in-
cluding Keban in the Northwestern System, even if the power stations of the
Dalaman System are completed. It becomes necessary, therefore, to build
new thermal power stations or develop new hydroelectric power resources by
that year.
£, Assumed Load Factor of Dalaman System

It will be impossible to interchange power from the Northwestern
System to the Western System in 1977. It will be necessary, therefore, to
build new power stations in both of these systems. On the assumption that
a modern thermal power station is built in the Western System, the expected

load factor of the Dalaman System can be calculated as follows from the

balance between supply and demand in that year:
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Supply and Demand in the Western System in lf)ecembe“r, 19?‘75,“‘:}& )

.. . R . e e e
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- - - MW KWh x 10° \ . Operating hour,

Demand at generating end 571 2,600

Powet supply capability
Hydroelectric (Dalaman excluded)] 132 412
Thermal 70 420 -~ - 6,000 hrs q - -

New thermal Power station
(Izmir) ’ 75 525, 7,000 hrs -

Load factor of Dalaman B s .
System 300 1,243 4,150 hrs

Since the dependable capacity of the Dalaman Syst_em in December
becomes about 10 % lower than the installed capacity, it is necessary,to
increase the installed capacity to about 330 MW. It is therefore proper to
estimato that the load on the entire system at-the time of completion of the
four power stations in the system will be 1243 x million/(330, 000 x 8760)

¥ 0.43, or 43 %, e -



3000

2000

0% Kw

1,000

Fig. 3-1-2 ESTIMATED PEAK DEMAND
( AT SENDING END )}

[ KW]

7
yd
PEAK LOAD OF /
NORTH-WEST SYSTEM 7
| 1 2
I 1 /
CAPABILITY OF RESOURCES
AT TIME OF SYSTEM PEAK KEBANVI—f———1 /
/s
p L KEBAN VT~ /,
7 [ REBANT 7
A
KEBAN [V - P
//Kro WESTERN SYSTEM i,
KEBAN I !
| <
.KEB:?N | ,/
/]
KEBAN I - /
P PEAK LOAD cT)F
_WESTERN_SYSTEM
-ﬁ // AN !
] P /FROM_N-W SYSTEM N
—Z / || AN
| / CAPABILITY OF RESOURCES \,>,—/
AT TIME OF SYSTEM PEAK. o=
JA N —
ARy —— .
7 | . 1. GOKTAS 61 MW
£ £ | ~GURLEIK 87 MW
e —
s A " ]
e K<"-—-__SANMLGI'KE 73MWe
! EZ i
: ESENCAY ISMW. N BECKESE 1 M
. \ SANDAIGIK 173 MW |
66 ‘67 '68 ‘69 70 71 ‘v2 '?3 'ra '75 76 ‘rv ‘'@ 79 ‘'s¢
YEAR

— 41—







Table 3-1-7 Estimated Power and Energy Balance
1965 1966 1967 | 1968 1969 | 1970 19 1972 } 1973 1974 | 1915 1976 191 1978 1979 1980 Remarks
North Western System
Peak demand at sending end LMW) 669 142 830 933 | 1,041 | 1,191 | 1,363 | 1,487 | 1,611 | 1,775 § 1,940 | 2,116 | 2,314 | 2,540 | 2,767 | 2,995
Dependable capacity {MW) 572 51 927 | 1,127 | 1,227 | 1,699 | 1,837 | 1,937 [ 1,937 | 2,047 | 2,152 § 2,307 | 2,300 | 2,800 | 2,300 | 2,300 Including under eonstruction
Power pool (MW) 51 AS A3 A66 AD8 AED 0 A3l a77 A33 A80 H62 - - - - A rto Western System
Margin MwW) 46 4 61 128 88 448 574 417 249 235 132 129 4 230 451 685
Encrgy demand at sending end (milllon KWh) [2,112 3,433 3,915 | 4,410 | 4,890 | 5,673 | 6,545 | 7,160 [ 7,720 | 8,600 { 9,330 (10,200 |11,160 12,260 |13,380 |14, 495
Avalilable energy (million KWh) | 2,052 {3,445 | 4,334 | 4,900 | 5,180 { 7,500 | 9,523 | 5,523 | 9,523 |10,053 |10,053 (10,953 10,911 |10,911 |10,9i1 10,911
Encrgy pool {million KWh) ASY 2 123 238 2%0 471 0 0 20 0 114 64 - - - - ito Western System
Surplus energy (million KWh} 0 0 419 262 0 | 1,356 | 2,978 | 2,363 | 1,714 | 1,454 609 639 | £249 [Al,349 |a2,469 [n3, 584
Western System
Pealt demand at scnding end (MW} 136 192 217 244 273 305 325 as56 396 435 478 517 511 627 04 185
Dependable capacity existing (MW) 187 187 202 202 202 202 202 202 202 202 202 202 202 202 202 202 Existing value {ncludes undet
construction

" " Dalaman {MW) 13 157 157 157 244 244 305 305 305 305 205
Power pool {(MW) ASl 5 36 66 98 60 0 33 ki a3 80 62 - - - - from North-Westemn System
Margin (MW} 0 0 21 24 27T |. 30 34 36. 40 44 48 o2 A0 | AL120 Al97 | A28
Energy demand at sending end (million KWh) 593 847 955 | 1,070 | 1,210 | 1,357 | 1,4% | 1,600 ¢ 1,70 | 1,950 | 2,170 | 2,350 | 2,600 | 2,830 | 3,160 | 3,470
Available energy existing {million KWh) 757 157 832 832 832 859 832 832 832 8az 832 832 832 B32 832 832

" " Dalaman {(milllon Kwh) 27 868 868 ‘868 | 1,224 | 1,224 | 1,454 | 1,454 | 1,454 | 1,454 1,454
Enecrgy pool (tillion KWh) A59 0 123 238 260 417 ¢ 0 90 0 114 84 - - - - from North-Western System
Surplus energy (million KWh) 105 490 0 0 A 0 225 90 0 106 0 0| ABl4 | AS44 | ABT4 |A1,184







Table 3-1-8,

Dependable Capacity and Energy (North Western System)

i
i

v

before

. Date of Capacity . Final
Region Name of Plant Completion Energy 64 s | ‘66 67 68 | ‘69 o |, m "2 w3 wa | s ve | 7 1 Remark
Hydro %
R MW 93 | 93
Hirfanl{ 1860 Million KWh | 400 ' 400
Mw o 75 ‘ 150 Extension in 1966
Sartyar 1956
400
North- Millwon KWh : J00
West MW 4 4 Will be connected to system at 1966
m Kayakoy 1960 Million KWh 12 12
MW 76 6
Kesikkopru 1967 Million K¥/h 90 85 ‘ 175
MW 200 | 100 300
Gokeckaya 1968 Million KWh 280 | 280 . 560
Hydro
Total MW 168 168 | 247| 323] s23| e23| e2m| 623 | eea| e23| e23 | e2s| e2a| ecal| 6o
Million KWh 800 goo | 81z | 902 | 1,267 | 1,547 | 1,547 | 1,547 | 1,547 1,547 | 1,547 | 1,547 | 1,547 | 1,547 | 1,547
Thermal
MW 100 A20 £30 50
Stlahtar 1922 - &6 Million KWh | 600 A120 A 180 300
MW 108 ade | azo 46
Catalagzl 1948 - 56 Million KWh | 636 az20 | alzo 276
MW 60 80 120
i 1956
Tuncbilik Million KWh | 360 180 180 720
MW 15 AS A5 5
Ankara 1336 = 53 Million KWh 90 a0 | A30 20
MW 7 at -
Izmi 1941 - 51
zmit 4 Million KWh 42 A42 -
MW 20 20
Eregli 1964
reglt Million KWh | 120 120
MW 8 a8 -
Karabuk 1939 Million KWh 48 48 -
MW 11 all -
Kirikkale 1837 Million KWh 66 266 -
MW 100 | 100 200
Ambarli 1966 Million KWh 200 | soo | 200 1,200
Thermal
Total MW 327 387 as7 | ss7 | 87 | sev 543 543 | 43| sa3| 498 | asg| ms] am | 4a
ota Million KWh | 1,962 | 2,142 { 2,522 | 3,322 | 3,522 | 3,522 | 2,258 | 5,258 | 3,258 | 3,258 | 2,988 | 2,688 | 2,688 | 2.645 | 2,646
‘13_“‘[“‘: MW 495 555 734 910 | 1,110 | 1,210 | 1,166 | 1,166 | 1,166 1,166 | 2,121 | 1,071 | 1,071 | 1,064 | 1,064
ota Million Kwh | 2,762 | 2,942 | 5,334 | 4,224 | 4,780 | 5,069 | 4,805 | 4,805 | 4,805 | 4,805 | 4,535 | 4,235 | 4,235 | 4,193 | 4,193







v,

Table 3-1-8, Dependable Capacity and Energy {Nc;l:th Western System)

Date of Capacity before Final
Region Name of Plant Completion Encrgy 64 | ‘65 | 66 [ '61 | 'e8 [ 69 | 0 | m f w2 | vis | s | w5 | we | e | m Remark
Hydro
Mw 8 8
1959
Yerkopru % Million KWh 70 . 70
MW 26 26 Wil be connected to system of 1971
Kepez 1961 Million KWh 180 180
South= MW ‘8- 8
West Kovada 1 1960 Million KWh a -
" Dinar 1951 MW =Y 1
Million KWh ‘o 2
Mw 43 48
Kovada 1l 1967 Million Kwh 200 200
Total MW 8 8 8 8 8 8 8 91 91 a1 91 91 91 g1 91
Million KWh 10 70 70 70 70 70 70 493 493 493 493 403 4903 493 493
Hydro
Mw 7 .|
S 1961
tzer Miltion KWh a8 38
MW 2 .
1
Mx;ﬂ" Bunyan 951 Million KWh 3 3
MW ‘ 1 i Will be connected to system ar 1970
D
urueasu 1931 Milllon KWh 5 5
MW 15 15 Will be connected to system at 1970
Almus 1965 Million KWh 87 | 87
Total MW g9 9 9 9 9 9 25.{ - 25 25 25 25 25 25 25 25
Million KWh 41 41 41 41 41 41 133 133 133 133 133 133 133 133 133
Hydro
MW 25 25
Hazar 1 1958 - 60 Million KWh 45 45
My . 10 10
East Hazar 1I Million KWh 1 ' 41
(V) .
MW 465 155 155 155 155 1,085 Estimare
Keban 1970 - 76 Million KWh 2,400 | 1,600 800 800 | 400 6, 000
Total MW 500 655 655 655 810 965 | 1,120 | 1,120 | 1,120 Notc: Maden thermal plant
° Million KWh 2,492 | 4,002 § 4,002 | 4,092 | 4,892 5,602 | 6,092 | 6,092 | 6,002 will be cold reserves in
1970
North=Western System .
Total MW 512 572 751 927 | 1,127 | 1,227 {1,699 |1,937 | 1,937 {1,937 | 2,047 | 2,152 | 2,307 | 2,300 2,300
3 Million KWh 2,873 | 3,053 | 3,445 | 4,334 } 4,900 | 5,180 | 7,500 | 9,523 | 9,523 | 9,523 10,053 | 10,553 |10,953 | 10,911 | 10,911
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Table

3-1-9 Dependable Capacity and Energy (Western System)

Date of Capaclty before . Final
Region Name of Plant
& " Complation Energy '64 '65 '66 ‘57 ‘68 'g9 o | ' | 72 g "4 5 g 7 7 Remark
Hydro
MW 69 69
Demarkoptu 1960
P Miliien KWh 192 192
MW 48 48
West Kemer 1958 Million XWh 145 145
@ Esenca 1967 MW 15 15 by 7th Annuzl Electric Power Survey
y Million KWh 15 5 1964 of EIE
Hydro
Total (1) 117 117 117 132 132 132 132 132 132 132 132 132 132 132 132
337 337 337 412 412 412 412 412:]. 412 412 412 412 412 412 412
Thermal
MW 40 40
s 19
oma 51 Miltion KWh 240 o
MW 30 30
Izmir 1928-55
Million KWh 180 180
Thermal 70 0 10 70 70 T0 0 10° 70 70 0 0 70 0 T0
Total (2) 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420
Hydro-Thermal
Total (1)+ (2) 187 187 187 202 202 202 202 202 |° 202 202 202 202 202 202 202
57 7517 757 B32 832 B32 832 832 832 832 832 832 832 832 832
Dalaman Project ‘
MW 73 73 146
Sandalcik 1971
andate Million KWh 787 787
MW 87 81
Gurleik 1om Million KWh 349 349
MW 61 61
1
Gokras 918 Million KWh 230 230
-
MW 11 11
Bezk: 1971
eriase Million KWh 81 7 88
Total (3) MW 13 157 157 157 244 244 305 305 305
Miltion KWh 27 868 868 868 | 1,224 | 1,224 | 1,454 | 1,454 | 1,454
Western System
Total MW 275 358 359 359 446 446 507 507 507
ota '
Million KWh 85% {1,700 | 1,700 | 1,700 | 2,056 { 2,066 | 2,286 | 2,286 | 2,288
(AH2HD '
Note; Dependable Capacity; Capacity available at the time of the systems annual peak load December)

Annual energy:

Hydro power plants; average hydrological condition

Thermal power plants; Dependable Capacity x 6,000 hours
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3-1-4 TIME FOR EXECU'I:ION OF DALAMAN PROJECT
The objective of this hydroelectric power generation plan is to meet the ‘demand
in the Western System, and it is far more economical than the establishment of a
modern thermal power station at Izmir, Also, it may be impossible to find hydro-
electric power resources greater than the Dalaman River in the Western System.
Furthermore, the Western System can receive maximum power of only about
100 MW from the Northwestern System, even through the interconnection of the
154 KV lines. Accordingly, the power supply capacity of the Western System will
begin to show a shortage from the end of 1970. It is desirable, therefore, that one
of thf—z four Dalaman power stations begin operation from December, 1970. The

construction of the remaining three should be started corresponding to increase

in the demand for powe;- and 2.111 stations should be completed by the end of 1976:

In the Northwestern System, upon completion of development of Keban, tl’le
supply capacity will have a surplus after 1970. This surplus may be transmitted
fron; Gokcekaya in the Northwestern System to Izmir by a transmission line of '

380 KV. It is certain, however, that the supply capability of both the Northwestern
and the Western Systems will become inadequate in 1977 even though all of Keban
may have been developed. Therefore, it can-be considered that it will be too

early to interconnect power lines of 380 KV in 1970. The time of this interconnec-
tion should be determined after studying its merits, in relation to the decision of
capacity addition by either hydroelectric power or new thermal power stations in

order to meet increase of demand after 1977 in the Northwestern and the Western

Systems,

3-2 AGRICULTURE

3-2-1 GENERAL DESCRIPTION
The total area of arable lands in Turkey is 23, 913 thousand ha, accounting

for about 30 % of the total area of the country. Of the total population of 31, 8

millions in 1965, 13.2 millions are between 15 and 64 years of age. It is estimated



that 10. 3 millions or 77. 6 % of the people in this age bracket are engaged in
agriculture., The gross national product amounts to 58, 068. 6 million T.L of -
which 19, 314. 1 million T.L or 33.3 % is agricultural production. This estimate,
however, was made for 1964 on the basis of the constant price in 1961, Of the
total exports amounting to 3, 696, 9 million T, L in 1964, 2, 803, 3 million T, L or
75.8 %, were agricultural products. These agricultural exports are equal to
57.6 % of the country's imports totaling 4, 878 million T.L playing a great role in
acquiring foreign exchange funds for the country.

Recent developments in land uses are shown in Table 3-2-1.

Table 3-2-1 Land Use

i Thousand Hectare
Land Use Remarks
1962E 1963E 1964E 1965E
1. Area of Field 23,214 23,6117 23,611 23,604
a) Area Sown 15,166 15,2176 15,276 15,2176 [E:Estimated
b) Fallow 8,048 8,341 8,335 8,328
2. Meadows and Pasture 28,666 28,260 28,2580 28,260
3. Orchard and Vineyards 2,201 2,207 2,213 2,220
4, Forests 10,584 10,584 10,584 10,584
5. Wasteland 13,393 13,390 13,390 13,390
Total 18,058 78,058 78,0358 18,058

Source : Development Plan 19685 Annual Programme

Also the area of arable land and the area cultivated by tractors or draft
animals in nation-wide figures are shown in Table 3-2-2. This table shows that

the use of tractors has particularly increased in recent years.

Table 3-2-2 Area Cuiltivated, Number of Tractors and Draft
Animals, Area Cultivated by Tractors and by Animals

Year
tem 1959 1960 1961 1962 1963
Area Sown 15,020 15,305 15,128 15,167 15,276
Fallow 7,920 7,922 7,948 8,048 8,637
Total 22,940 23, 227 23,016 28,215 23,913
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Item R Year
1959 1960 1961 1962 1963

Number of Draft Animals {in pair) 2,596, 460 2,647,695 | 2,605,793| 2,658,920 | 2,652,033
Number of Tractors T 41,886 42,136 42,505 4%, 7189 49, 366
Area Cultivated by Tractors (1,000 ha) 3,142 3,160 3,188 3,284 3,702
Area Cultivated by Draft Ammals

(1,000 ha) 19,798 20,067 19,888 19, 931 20,211
Area Cultivated by Pair of Draft Animals 1.6 1.5 7.6 T.9 7.6

(ha}

Note : 1, Area Cultivated are obtained from official estfmates.
2. Yearly work capacity of each tractor calculated as 75 hectares.

3. 1963 number, In the agriculture section are contemporary.

Source : State Instutute of Statistics 1942 - 1963.

The Summary of Agricultural Statistics.

The areas planted with major crops, production of these crops and livestock
production of the entire country, in the Aegean Sea region and in Mugla Prefecture,
based on the statistics for 1962 are shown in Tables 3-2-3 and 3-2-4. According
to these tables, the ratio of the area cultivated in Mugla Prefecture to that of the
entire country is 0.6 % in cereals, 0.9 % in pulses 2.7 % in industrial crops,
12.9 % in citrus and 15 % in olive, It will also be noted that cultivated area is
13.1 % in millet, !1.7 % in tobacco and 10.0 % in sesame. These figures reflect
the characteristics of this prefecture.

Trends in the wholesale price index of 95 major commodities and agricul-
tural products are shown in Table 3-2-5. From this table, it can be seen that
the wholesale price index for foodstuffs as a whole went down in 1964 from the

level of the preceding year but that those for livestock and animal products rose

by 12 % and 3 % respectively,






Table 3-2-3 Ag.ricultural Structure and Production (1962)

National Totals

Region It (Aegean) 1

Mugla Pprefecture

Area Sown Producrion Yield Area Sown Production Yield : Area Sown Production Yield
Crops E.
’ l!c(c‘:ires TSEI)IS Kg. per Hec. He:ftca)res 'I'(;)n)s Kg. per Hec. Heét:res : ‘E‘—?)- % 100 % x 100 '(I'F[)ms ~MEL x 100 L), 5 100 Kg. per Hec.
@ | O ® " gy | O g
Wheat 7,800,000 8, 450,000 1,083 538,547 682,927 1,266 32,380 0.4 6.0 29,314 0.3 4,3 908
Barley 2,800,000 3, 500, 000 1,250 315,015 421,216 1,356 19.045 0.7 6.0 19,208 0.5 4.5 1,009
Rye 670,000 690, 000 1,030 73,102 81,168 1,110 3,588 0.5 4.9 2,990 0.4 3.7 833
Qats 410,000 450,000 1,008 72,797 90, 246 1,242 5,617 1.4 1.1 4,795 1.1 8.3 8563
Speltz 131, 000 130,000 292 12,945 15,004 1,159
é Maize 667,000 200,000 1,199 92,496 126, 706 1,369 11,320 1.1 12,2 14,195 1.8 11,2 1,253
g Millez 49,000 60,000 1,224 9,490 10,711 1,128 6,410 13.1 67.5 6,836 11.4 63.8 1,068
Rice 81,000 165,000 2,037 1,794 4,980 2,776
Canary seed 37,000 24,000 622 407 250 614 (Others) 8 - - (Others) 8 - - 1,000
Mixed grains 320, 000 350,000 1,094 317,260 44, 442 1,326
Total 12, 965,000 14,618,000 1,127 1,153,853 1,488,250 1,289 78,363 0.6 6.8 77,346 0.5 8.2 487
Broad beans 40,000 53,000 1,325 29,390 38, 574 1,312 2, 100l 8.3 7.1 1,970 3.1 5.1 938
Peas 2,900 1,300 1,138 810 648 810
Chick peas 88,0060 87,400 993 31,095 30,720 987 519 0.6 1.1 478 0.5 1.6 921
Dry beans 112,800 122,800 1,089 9,694 10,828 1,116 0598 0.5 6.2 515 0.4 5.8 861
- Lentils 104,600 101,000 966 6,795 5,413 196 194 0.2 2.9 114 0.1 2.1 587
% Kidney beans 2,700 2,100 778 1,750 1,550 885 130 4.8 7.4 100 4.8 6.5 770
Cow verch 100,000 90,000 900 11,832 7,152 604 311 0.3 2.6 15 0.02 0.2 48
Wild vetch 122, 500 114,000 931 29,5043 24,989 845 1,180 1,0 4.0 979 0.9 3.9 g2y
Total . 873, 500 571,600 1,000 120,909 119,875 991 5,032 0.9 4.2 4,171 0.7 3.5 828
Tobacco 149, 346 84,793 601 88,249 51,714 586 17,439 11.7 19.8 8,641 9.6 16.7 495
Potatoes 136, 900 1,489,000 10, 869 10,104 135,053 13,366 521 0.4 5.2 5,642 0.4 4.2 10,705
Sugar beets 125,739 2,130,942 21,719 10,437 213,374 20, 443
Fiber 4,000 692 1,929 470
Hemp 132,000 4,100
Sced 5, 900 454 3,286 801
Opium Gum 36, 000 00 8 10,432 ™ 8
Seed 14,700 ba6 4,718 452
§ Anise 3,500 2,200 62 3,222 2,045 634 ~ 85 2.4 2.6 4 1.8 2.0 471
% Lint 245,000 aTl 98, 517 492 4,300 1.8 4.4 422
= Cotton 660,000 200,085 10,200 1.5 a.1
5 Seed 404,000 620 159,966 799 1.000 1.7 4,4 GB6
= e P 29,000 3,500 120 2487 2 8
Seed 14,000 65b 1,685 678
Onien 44, 300 410,000 8,811 7,463 45,912 6,151 710 1.5 9.5 1,000 0.2 2.2 1,408
Garlic 3,000 27,000 3,475 1,695 4,623 2,130 188 2.4 11.1 186 &7 4.0 JBY
Sesame 71,000 H, 000 577 32,105 117,345 540 7,100 10,0 22.1 4,087 1.0 23.6 575
Others 103, 760 93,100 89T ¢ 14,123 14,341 1,015 390 0.6 4.2 841 0.9 5.9 1,425
Total 1,385,045 b,614,426 Lol 384,502 754,612 1,963 36,839 2.7 0.6 31,737 0.6 4,2 862
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Table 3-2-3 (Continued) - °

Item National Totals Region II (Aegean) 1 Mugla Prefecture
Area Sown Production Ylield Arca Sown Production Yield . Area Sown Production Yield
(4 ® ©) (D) &) (F)
Tree Hectares Tons Kg. per Hec, Hectares Tons Kg, per Hec, Hectares .(i_?. x 100 E) 100 Tons B 100 B 100 |. Kg, per Hec,
&) © @ @ w | O @

Grapes * 713,030 3,382,270 4,315 1317, 987 882,183 6,393 2,413 0.3 1.7 15, 927 0.5 1.8 6,600
Melons * 219,000 2, 970,000 13,561 §55,903 647,637 11,585 1,885 0.8 3.0 22, 487 0.8 4.8 18,345
Citrus * 8,734 2,348, BG6? 268 1,696 198, 827 119 1,128 12,9 67.4 94, 923 4.0 47.1 84
- Other fruits * 71,175 1,156,240 16 12,624 283,207 22 699 1.0 5.5 12,793 1.1 4.5 18

;é Hazelnuts . 174, 862 122,380 1 14 42 8 - - -

Pistchios, Almonds, ,

Walnuts 15,712 114,430 7 1,512 17,065 11 218 1.4 14.4 2,229 1.9 13,1 10

Olives * $9, 909 290, 200 5 44,883 173,721 4 8,966 15.0 20.0 2,970 1.1 1.7 -

* Area sown refers to number of trees in thousands and production refers to number in thousands,

Note: Cotrecrion has been made by the letter recefved from Kars government on vineyard area figures for the years 1960-61-62,

Tahble 3-2-4 Livestock Structure and Products

Livestock (Head)

- 1962 -

National Totals

Region II (Aegean) 1

Mugla Prefecture

Kinds of Livestock ) (8) ©) (C)/(A) x 100 (%) (C)/(B) x 100 (%)
Sheep 31,614,000 3,828,242 209, 546 0.7 8,5
Crdinary goats 16,420,000 2,878,727 364, 685 2.2 12,17
Angora goats 3,655, 000 26, 956

Cattle 12,662,000 1,285,352 133, 950 11 10.4
Buffaloes 1,159, 900 86,077 420 0.04 0.5
Camels 52,680 16,111 4,996 9.5 30.9
Horses 1,238,500 206,536 14,210 1.1 6.9
Mules 207,800 27,489 6,803 3.3 24.7
Donheys 1,880,400 403,414 46,988 2.5 11.6
Beekives 1,522,400 379,893 86, 604 6.1 92.8
Chickens 26,514 4,658 724 2.7 15.5
Livestock Products

Milk Production

Sheep 167,330 113,123 7,315 1.0 6.5
Ordinary goats 617, 420 104, 382 19,595 3.2 18.8
Angora goats 63, 580 202

Cows 2,359, 570 300,722 20,893 0.9 8.9
Buffaloes 277,220 24,300 91 0.03 0.4
Woal 42,110 5,426 233 0.5 4.3
Halr 9,280 1,323 157 1.9 11.9
Mohair B,B70 34

Honey 8,507 2,435 398 4.1 16,3
Eggs A 1,349,947 261,020 33,002 2.4 12.6

-

& Number in thousands,
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Table 3-2-5

1960-1964 Wholesale Price Indices of Agricultural
Commodities 1958=100

Commodities Group 1960 1961 1962 1963 1964 Remarks
. Allltem Toral 126 180 137 148 142 95 Articles
2. Foodstuff and Fodder 127 136 148 154 151

Vegetables 130 148 163 168 158

Live stock 98 92 103 1186 130

Animal Products 144 139 134 143 147

3

F

Source ;  State Institute of Statistics Bulletin Dec. 1964

The estimated domestic demand for agricultural products in recent years is

shown in Table 3-2-6.

Table 3-2-6 Estimates of Demand for Agricultural Gommoaodities

M Quantity Estimated (Million Ton) Remarks
Crops
1962 1963 1964 1865
Seeds and Wastage
wheat 7, 345 7,545 7,780 8,025 Included
Rice 112 119 126 134 Ditto
Maize 810 832 855 818 Ditto
Other Cereals 1,070 1,070 1,065 1,063 Seeds Excluded
Pulses 337 348 360 a74 Seeds and Wastage
Included
Vegetabls 3,305 3,605 3,800 4,000 Production
Potatoes 1,489 1,600 1,500 1,600 Ditto
Grapes . 5 ,896 Dried Grapes
pe 2,960 2,357 2,800 2 tleq Gra
Citrus 215 289 217 285
Apples 322 326 300 325 Seeds Excluded
Meat 430 452 481 510
Mk 3,281 3,384 3,481 3,634

Source : Development Plan 1965 Anpual Programme

Estimates of crops and livestock production are shown in Table 3-2-7.
Farmlands are exploited almost to the greatest possible extent under the present

technical level. It is expected such exploitation of soil will be continued in the
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future. When the productivity of farmlands is taken into consideration, however,

it cannot be said that the present agricultural production represents the fullest and

maximum use of farmlands in the country,

Table 3-2-7 Estimates of Crops and Livestock Production

Quantity (Million Ton)
Crop
1962 1963 1964 E 1965 E

Wheat 8,450 4, 500 8,350 8,650
Barley 3,600 4,288 3,400 3,750
Maize 800 990 1,000 1,100
Rice 185 130 130 150
Pulses 370 a8l 400 420
Sugar Beet 2,730 3,281 3,600 3,900
Tobacco 82 132 145 145
Cotton 245 257 270 300
Potatocs 1,489 1,600 1,500 1,500
Sunflower 60 87 120 120
Vegetables 3,305 2,605 3,800 4,000
Oranges 219 300 230 310 , .
Lemons 74 8 €5 80
Peaches 74 63 90 35
Tea (Green) a7 47 57 69
Apples asz 326 200 325
Grapes 3,382 2,693 2,300 3,250
Fligs 210 208 225 226
lazel Nuts 122 88 164 110
Ollves 290 819 600 350
Meat 460 E 475 E 430 515
Mitk 3,281 E 3,384 E 3,481 3,634
Wool 43 45 47 50

E 1 Estimated

Source : Development Plan 1965 Annual Programme

In general it can be said that the present indigenous agricultural preduction is
commensurate with domestic demand. Consumption of those products, which are
neither exported nor imp.crted. has been changing year by year according to the

output. From the long-range standpoint, however, efforts should be made to re-
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gulate production in accordance with the increase in demand. The major agricul-

tural export items in recent years are shown in Table 3-2-8.

Table 3-2-8 Exports of Agricultural Products {At Current Prices)

1962 1963 19G4* 1965*

Products

Q v Q v Q v Q v

1,000t| ML, TL.| 1,000t ML.TL.| 1,000t ML. TL, | 1,000 ¢| ML. TL.

Barley - - 58 26 60 22 35 18
Lennls 20 21 21 18 30 27 35 32
Canary Seed 10 12 11 13 10 10 1¢ 10
Chick Peas 10 11 2 3 3 2 5 3
Oranges 4 3 11 10 15 12 13 10
Hazelnuts 44 504 41 485 43 504 45 486
Raisins 69 148 66 149 60 157 GO 171
Figs 30 al 27 83 32 58 30 344
Lemons 10 12 11 12 14 16 13 13
Pistachio Nuts 5 43 3 31 3 28 5 EY)
Tobacca 90 865 45 600 60 756 80 900
Cotton 105 562 135 705 100 540 130 675
Cattle 123 59 115 55 150 T2 120 59
Sheep 621 76 961 1 650 81 500 g1
Goats 323 28 274 24 350 29 300 27
Wools 4 28 4 29 5 31 5 40
Mohalr 5 69 1 114 5 T2 ki 1117
* Programme Estimates Q : Quantity (1,000 t)

V: Value (1,000,000 T.L.)

The estimates of investments in 1962-1965 for the expansion of agricultural

production are shown in Table 3-2-9,

Table 3-2-9 Estimates of Investment in Crops and Livestock

Million TL,

Item 1962 1963 1964 1965 Remarks
Public 518 564 905 1,258 E: Estimated
Private 258 E 559 568 E GO5 E

Toral Bl6 E 1,123 E 1,563 E 1,953 E
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3-2-2 NECESSITY FOR AGRICULTURAL DEVELOPMENT IN TURKEY

Agricultural production in Turkey is balanced with internal dermand to a
certain extent, Industrial production, however, is still in the stage of develop-
ment, and it is necessary to import industrial machinery and equipment in order
to accelerate the modernization of the country. Also, for the improvement of the
cultural level of the nation, foreign commodities must be imported at the expense
of the nation's foreign exchange reserves. Because of these circumstances, the
balance of foreign trade has always been unfavorable since 1947. It is therefore
an urgent and important problem to expand agricultural production as a means of
earning foreign exchange,

Thé poals of gross national production and agricultural production under the

15-Year Plan are shown in Table 3-2-10,

Table 3-2-10 Estimates of GNP and Agricultural Preduct

GNP Agricul- Agricultural | Agricultural] Agricultural | Agricultural
tural Product Product Product Product per
Year (Billion TL} Product (as % of) per per Capita | Capita of
{Billion TL) GNP Capita of Rural Active Rural
(T L) Population | Population
(T L) (TL
1962 52,17 23.1 43.8 186 1,100 2,400
1967 73.9 28.3 38.3 838 1,300 2,700
1977 145,3 42.7 29.4 941 1,900 3,800

It is expected that the present irrigated area, which amounts to one million ha,
will increase to three million ha by 1977 when the plan will be completed.

(See 2.6-2, Economy)
The First Five-Year Plan was formulated and is in the stage of implementation

as a means of accomplishing these long-range goals. The major objectives estab-

lished by this Five-Year Plan in the agricultural field can be summarized into the

following four items:

¢

(1) Achievement of an increase in agricultural production which will

sustain an average 7 percent per annum increase in national income.



(2) Improvement of the level of nutrition of the people to keep the dependency
on cereals at 68 % and alte:j the ratio of vegetable protein and animal protein
to 80.3 % aﬁd 19. 7 %, respectively, with the object of securing 3, 000 calories

per capita by 1967.

{(3) Promotion of social welfare benefits according to the goals set forth in

the Five-Year Plan.

(4) Establishment of a long-term balance in land use.

The Government and people are making concerted efforts for such important
purposes as reform of agricultural structure, development of intensive agricul-
ture, establishment of measures for the acceleration of the development of agricul-
tural cooperatives, development of farmlands by such projects as irrigation and
drainage, soil conservation and fertilization, plant breeding, prevention of insect
damage and the promotion of livestock and marine product industries.

As can be seen from the above, agricultural development in the Republic of
Turkey is widely recognized to be one of the basic requirements indispensable for
the development of the nation. The Survey Mission, too, recognizes this necessity,
3-2-3 NECESSITY OF AGRICULTURAL DEVELOPMENT IN THE DALAMAN

PLAIN

The present state of agriculture in the Dalaman Plain will be described in
detail in 5-5 and Appendix. Despite the fact that climatic conditions in the pro-
ject area are favorable for the growing of crops, agricultural production is not
stabilized because of unsuitable environmental conditions.

In the rainy season from winter to spring, the Dalaman overflows and in-
flicts direct damages to crops and agricultural facilities. Because of inadequate
drainage system, the floodwaters remain on the ground for a long time causing the
farmers to miss the optimum time for sowing or havesting. Moreover, the water
remaining on the ground and that from the Dalaman or other sources cause the
underground water level to rise, hindering satisfactory growth of crops. Also,

the irrigation water is being obtained by natural intake from the Dalaman River.
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This makes it impossible to secure sufficient supply of water for irrigation in the
drought season. Furthermore, every time the river overflows, the river channel
changes its course and therefore requires great expenditures of lahor and money
for the maintenance and control of intake facilities, Thus, securing of irrigation
water is far from stabilized,

To eliminate the aforementioned factors which are hindering the develop-
ment of agricultural production in the project area, the following measures should

be taken,

(1) Prevention of the Dalaman River and the Thersakan Stream {rom over-

flowing into farmlands.

(2) Improvement of the drainage system in the farmlands, and maintenance

of the ground waters at proper level, so that the soil will be controlled to have

optimum moisture available for the growth of crops.

(3) Improvement of the irrigation system, so that the necessary supply of

water can be obtained at any time for the cultivation of all kinds of crops.

(4) Land readjustment, terminal irrigation and drainage networks and

agricultural roads, thereby facilitating control of water in the farmlands and

improving the efficiency of agricultural production,

For the positive development of agriculture in the Dalaman Plain, not only
should the basis of agricultural production be strengthened by the aforementioned
measures, but also such steps as improvement of agricultural techniques, agri-
cultural management and marketing structure should be taken in connection with

the aforementioned efforts.
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4, BASIC INFORMATION






4. BASIC INFORMATION

4-1 HYDROLOGY

4-1-1 GENERAL DESCRIPTION

The locations of meteorological observation stations and run-off gaging
stations in the Dalaman River catchment area and the surrounding district are
as shown in Fig, 4-1-1. The records of precipitation and run-off are shown in
Table 4-1-1 and Table 4-1-2,

Regarding precipitation observation stations, there are some, such as those
at Fethiye, Mugla and Antalya, having records of 25 or more consecutive years
with Antalya even having records of hourly precipitation. However, the overall

distribution ratio of the stations is about 1 per every 700 km?

which cannot be said
to be adequate for the purpose of hydrolegical analyses.

As for run-off gaging stations, there are stations with consecutive records
for many years outside of the Dalaman River drainage basin, but within the area
the records are interrupted with not a single station with consecutive records for
more than 10 years, Taking into consideration the inconvenience of transportation
in this area it would be desirable to at least have records for the recent several
years from more than 2 sites in this basin in order to prepare development plans.

A study of the run-off and flood discharge of the proposed project sites based

on these records are described hereinafter.
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TABLE. 4-1-1 PRECIPITATION RECORD ( DAILY)
20| 42| (44| Jagl |48 |[s0| |s2| (s4{ |se| iss| |6d |2 [b4
STATION 4i] (43| |45 [e7] fa9| [s1]| [s=3| [ss| |57 |w9 {et] |€3] les
ANTALY A FROM 1929 JAN. [ HOURLY RECORD )
YELEME | APR
SOGUTKOY JUN
ELMALI 10
KEMER oCT.
GOLHISAR DEC
CAMEL JUN
EVGILER i B
NIFKOYU .
FETHIYE FROM 1939 JAN
YESILYUVA AUG oV | map
ACIPAYAMA MaR_auG N Yaut [ ZuL JAN | NOV.
DALAMAN APR |AUG
KOYCE]Z [
MUGLA FROM 1929 JAN :
GOLGUK
ULA AUG B
GOKOVA
MARMAR! — -
TABLE. 4-1-2 DISCHARGE RECORD (DAILY)
CA. ‘aa| las| 48| [s0| ps2| [s4| {se| [s8] |so| Ie2| |s4
STATION RIVER |15q. km) ‘43| 5] Vaz| res] (5i| [53] Iss| ys7| 59| fe1| [&3| f[es
DALAMAN RIVER BASIN
ALCH IDALAMAN 3,430 |FROM_ 1840 OcCt. ISEF
| sugaT! pALAMAN| 3,250 ocT SEPT
AKKOPRU s 4,530 Oct. | SePT
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4-1-2 STUDY OF HYDROLOGICAL DATA

a. Qutline . v NE B -
In preparation of a development program for the Dalaman Rivet, &
. study was made of the discharges at the proposed project sites based on, -

hydrological data of Tables 4-1-1 and 4-1-2. As the hydrological reéo;rds

of the catchment- area are ina.dequa:te as stated in 4-1-1, it was neceséai::y to!
rp;a.kg supplements and adjustments based on information on run-off or p're-
p‘igi_tation of other catchment areas.

"Of the 6 gaging stations in the catchment area, run-off data of 3 were

not us_eci in preparing plans. These are Balik Gorge, the farthest upstream,

because run-off data for estimating the discharge in the downstream = !
S‘ - -

Were. available at Sucati Gaging Staion; Fevziye, the farthest downstream

gaging station was not used to be on the safe side because of its poor cor-

relation and large specific run-off compared with run-off of other gaging sta-

tions, and Dalaman Bridge, because water for irrigation is diverted on the
" upstream and the amount of this intake is unknown. ) :
Alci and Sugati can be considered to be interrelated gaging stations

since there are little difference in their catchment areas. These two sta-,
tions fortunately have good correlation with Kayirli Gaging Station on th'ga._ 91;1&
River, and by supple;‘nenting records from Kayirli for the period from 19{55,
to 1960 during which observation records are not available at the former two
stations, data for 21 consecutive years were prepaud. { '
_The run-off at Akképrii Gaging Station, where the location of the sta-.
tion is relatively good with good correlation with Alci (or Sucati) and Kayirii
Gaging Stations, was compiled for 21 consecutive years by supplementing
data from Alci and from Kayirli for periods when data.-from Aleci were not

available.

The annual average specific run-off at Sugati (including the catchment

area estimated from Alci, hereinafter called Sugati) is 0. 47 m3/s/100 km?



Th& annual average specific Tun-off at Akkdprit is 0.95 m3/s/100 km?2 show-
ing a sudden increase between Sugati and Akképri. This is understandable in
view of the precipitation distribution in Fig. 4-1-4, (see "c"}), whete it can
been seen that rainfall increases suddenly with Sugati as a boundary. From
the variation curves of annual precipitation and annual average specific run-
off in Fig. 4.1-6, (see "c'"}), it is seen that rainfall has a cycle of about 10
years and therefore it is thought that data for 21 consecutive years will be suf-
ficient for the purpose of planning,

The discharges at the proposed project sites were obtained for 21 con-
secutive years from 1943 to 1964 using the equation below with Qs, Qa and Qx
as run-off at Su?ati, Akkopri and the particular site in question respectively
and As, Aa and Ax as the catchment area of Sugati, Akképri and the site in
question respectively.

Qx = Qs + {Qa - Qs) xH

The discharges thus obtained, not considering the basin upstream from
Sugati, are based on run-off at Akkdépri from only a 2 year period. Long-
term estimates based on such a short period cannot be said to be highly relia-
ble, but since there is no other method of calculation at this stage, these fig-
ures were used as a basis for planning.

b. Catchment Areas

The catchment areas of the proposed project sites on the Dalaman River

are shown in Fig. 4-1-2. The areas are as given below.

Catchment Area

Project Site Unit Total Area Area Proper
Sandaleik Km? 3,970 .3,970
Gilirleik " 4,510 540
Géktas " 4,770 260
Asmacik " 4,780 10

. The profile of the Dalaman River basin is shown in Fig. 4-1-3.
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c. Precipitation

According to Bati Akdeniz Havzasi Istikcaf Raporu (D.S.I. Ankara,
1962} the distribution of precipitation in the Dalaman River catchment area
is as shown in Fig. 4-1-4. It will be noted that precipitation is greater in
the lower basin than in the upper basin., The annual precipitation in the lat-
ter being about 600 mm while in the former it is about 1, 200 mm.

The monthly variation in precipitation is given in Fig. 4-1-5. Accord-
ing to this trend a year can be roughly divided into two periods, the dry period
from April to September, and the wet period from October to March. For
the purpose, among others, of studying the relation between precipitation and
run-off, the hydrologic year was considered to be from the beginning of the
dry season to the end of the wet season {October to September),

The variations in annual precipitation at the various observation sta-
tions are given in Fig. 4-1-6. It is shown that in i4n spproximate ten-year
cycle, the annual precipitation fluctuates relatively little. For example, at

Fethiye, the wettest year is 140 and the driest year 65 against an index of

- 100 for an average year. In studying the monthly and daily precipitation in
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the Dalaman River, although there may be considerable differences quantita-

tively, there are only a few occasions when there would be rainfall at Fethiye

and no rainfall at Acipayama on the same day.

Fig. 4-1-5 MONTHLY AVERAGE PRECIPITATION
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d. ' Run-off
d-1 Run-off Records
o  Alei and Sugati Gaging Stations:

The two gaging stations are located on the upper stream of the Tahtaci
River where there is abundant rainfall and since the difference in catchment
area is only 180 kmz, they will be considered to be interrelated gaging sta-
tions. Therefore, the catchment area of Alci is converted into that of Sugati
and will be considered to come under Sucati Gaging Station. The correlations
between monthly run-off at Sugati and Kayirli, and between Sugati and Akképru
(the correlation between cumulative run-off from October to September for
Sucati and Kayirli, and the monthly run-off for Sucati and Akkopri; details of
which are described later) are comparatively good as shown in Fig, 4-1-9
and Fig., 4-1-10. Sucati is a gaging station established several years ago
upon opening of a road in the area, The topography around the station is good
as is the condition of the river bed. As stated above, the correlation with
discharge at other gaging stations is also good. The location of the station is
good and records for a comparatively long period are available so that the
station is suitable for reference in preparation of development plans,

o  Akkdpri Gaging Station:

Although data is scarce, the correlations between monthly run-off at
Akkdprii and Sugati, and Akképrii and Kayirli are good as seen in Fig. 4-1-10
and Fig. 4-1-11. The condition of the river bed, topography, etc. are also
relatively good. Therefore, if run-off in the past is estimated from Fig.
4-1-10 and Fig, 4-1-11, estimates for a long period can be obtained and they
may be used in the planning.

o Dalaman Bridge Gaging Station:

This gaging station has no defects but irrigation water is unfortunately

being drawn on the upstream of the station and the amount of water taken is

not known. Therefore unless the amount of irrigation water taken is known,



the station is unsuitable for use in preparation of plans,
0 Fevziye Gaging Station: ;
The correlation between monthly run-off at Févziye and Alci, ‘and Fevziye
and Kayirli, as shown in Fig,. 4-1-12, are extrei-nely‘p’oor. Also, the specific
run-off compared to those at’Akkdpri and the other stations is thought to be

too great and to be on the safe side, data from this station were not included

in the present plans.

Fig. 4-1-12 Correlation Between Fevziye and Alci,
Kayirli (Monthly Average Dischage)

FEVZIVE Lcum/s)

B

.

.. .
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[} 50 100 o 10 20 x 40 50
apct fewmrs) —— KAYIRL! (cumsis) ——m

d-2 Run-off at paging stations used in the planning as stated in d-1 agove,

only two gaging stations, Sugati (or Alci) and Akképri, can be used for plan-

ning under the present circumstances. However, even these two stations
have periods without records and it becomes necessalry to estimate run-off
for those periods by some method or other, :Tile meti’:od of:' estir:r;a.ting dis-
charge for those periods and calculations of diséharées over the entire

priod are described hereinafter.

o  Sugati Gaging Station:



. Up to September;: 1954 : oo - Lo

N

Estimates were made from run~off at Alci Gaging Station based only

on ratio of catchment area.

3430

Qs = Qal x%=

where Qs = average monthly run-off at Sucati (m3/s)
Qal = average monthly run-off at Alci (m3/s)

From October, 1954 to September, 1961

The correlation between monthly run-off at Sugati and Kayirli as shown

in Fig. 4-1-7 but it is not very good. However, the correlation of annual pre-

cipitation is comparatively good as seen in Fig, 4-1-8, In planning a large

reservoir, some monthly fluctuation can be neglected if errors in annual run-

off is small, and therefore these correlations are usable.

Fig. 4-1-7 Relation Between Kayirli and Sugati
{Monthly Average Discharge)
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Fig. 4-1-8 Relation Between Kayirli and Sugati
(Annual Average Discharge)

40
~ ‘61
3 *
8 I
@ /
=
5 /

30 C
g J
. !
Q
LN
5
w20 /=
93 /
g | -4
z /%
a /
T g0 /Z’
Z -
E / *I’55

/
0 10 20 30
ANNUAL AVERAGE DISGHMARGE AT KAYIRL|
{eumrs }

Fig. 4-1-9 Correlation Between Sugati and Kayirli
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Although th_er‘e_ma‘,y‘be some monthly errors, as a method of reducing
these errors over th:a)pier‘idd'of one year, the respective run-offs were totalled
fr'om October to September, and with Sucati on the ordinate and Kayirli on the
abscissa, the run-off during the periods before and after the unrecorded
periods were plotted to obtain a rather good result as shown in Fig. 4-1-9,
For the hydrological years of 1954 and 1961, the run-offs actually observed at
Su?ati had poor correlation with Kayirli and other stations and since the data
were for the first and last years of observation, the reliability of the records
could not be considered to be very good so that for those years to be on the
safe side the run-off at Sucatj was calculated from Fig. 4-1-9 using the run-
off at Kayirli Gaging Station.

Qs = Qal x _g.% 21,0608 vureeiiet e (4-1-2)

where Qs = average monthly run-off at Sugati (m3/s)

Qal = average monthly run-off at Alci calculated from Fig. 4-1-7

using average monthly run-off at Kayirli

October, 1961 to September, 1964

Data as recorded at Sugati Gaging Station were used.
Akkdpri Gaging Station:

Up to September, 1954

In taking the average monthly run-offs of Akkdprii and Sugati on the
ordinate and abscissa respectively, the relation between the two is found to
be good as shown in Fig. 4-1-10 so that for this period Fig. 4-1-10 (Equation
4-1-3) was applied and the run-off at Akk&pri was estimated from the run-off

at Su?ati.

Qa=1.9408+10 ... ciiiieriiiiinininnran, (4-1-3})

where Qa = average monthly run-off at Akképrii (m3/s)

[}

Qs = average monthly run-off at Sugati (m3f5}
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Fig. 4-1-10 Correlation between Akkdprii and Sugati
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[ERTE N—"
4

October, 11"§l§'>;imtc>"u'§e:pte;rr;l:>'er, 1961

3

The co-.t:relation of average monthly run-off at Akképrii and Kayirli is
also good as seen in Fig. 4-1-11 so that for this period Fig. 4-1-11 (Equation
4-1-11) was used to estimate run-off at Akkdpril from run-off at Kayii-li.

Qa=5.750Qk+12 .,............... . (4-1-4)
where Qa = average monthly run-off at Akkbp'rii {m3/s)

Ok = average monthly run-off at Kayirli (m3/s)

_ October, 1961 to September, 1962

Same as the period up to and including September, 1954.

October, 1962 to September, 1964

Actual recorded data at Akkdprii were used.

The run-off at the two stations for the entire period {21 years from 1943
to 1964) can be calculated according to the above data and the results are
shown in Table 4-1-3 and Table 4-1-4,

Upon investigation of the cycles of precipitation and run-off they are
found to be approximately 10 years. It would be appropriate in consideration
of the cycle to take the latest 10-year run-off in the preparation of plans.
However, as previously described, the available recorded observation data
for the catchment area are for two to four year periods with the remainder
estimated from records of other areas. Though the recorded data at Alci
are old, since the recorded period is long it was thought higher reliability

" could be obtained by using those records which are from the catchment area,

so that approximately 2 cycles or 21 years were taken into consideration,
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d-3 Run-off at Propos_ed Project Sites
The run-off at the respective proposed sites were estimated ats éhown below

on the basis of ratio of residual catchment area and ratio of resiau;i run-off

using the 21 -year run-off at Sucgati and Akképrii (Table 4-1-3 and Ta:.ble ;1-1-4)

that were adjusted and supplemented as described in d-1 and d-2 above.

o] Sandalcik

_ 540 .
Qsa = 0s + (Ra - Qs) X700
=0.51 08+ 0.490Qa ....oivvrteencasasns (4-1-5}

where Qsa = average monthly run-off at Sandalcik (m3/s)
Qs = average monthly run-off at Sugati (m3/s)
Qa = average monthly run-off at Akkdpri (m3/s)

540 = {catchment area of Sandalcik) - (catchment area of
Sugati) (km?)

1100 = {catchment area of Akkdprl} - {catchment area of
Sugati} {krnz)
o Giirleik:
540
Qpr = Qsa + (Qa - Qs) x 1100
=0sa+0,49{Qa -Qs8) ...evvrenrann. (4-1-6)

where Qgr = average monthly run-off at Girleik {m3/s)
Q)sa = average monthly run-off at Sandalcik (m3/s)

Qa = average monthly run-off at Akkdpri (m3ls)

540 = {catchment area of Giirleik) - {catchment area of

Sandalcik), (km%}

1100 = {catchment area of Akkdpri) - (catchment area of
Sugati) (km?)

o Gioktas:

260
Qgk = Qgr + (Qa - Qs } x 1100
= Qpr+0.236(Qa -Qs).......e0u. . {4-1-7)

where Qgk = average monthly run-off at Goktas (rn3/S)
Qgr = average monthly run-off at Giirleik (m3/s)

Qa = average monthly run-off at Akképri (m3/s)
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D
m
"

a;'erage monthly run-off at Sugati (m3/s)

260 = {catchment area of G&ktas) - (catchment area of
Giirleik), (km?2)
1100 = (catchment area of Akkopru) - (catchment area of
Sugati), (km?2)
Asmacik:
Qas = Qgk + (Qa - Qs) x.__l(_)_
1100
=Qpek +0.009(Qa -Qs) ......vnnnuns (4-1-8}

where Qas = average monthly run-off at Asmacik (m3/5)

gk = average monthly run-off at Gdktas (m3/s)

Qa = average monthly run-off at Akkopri (m3/s)

Qs = average monthly run-off at Sugati (m3fs)

10 = (catchment area of Asmacik) - (catchment area of Gbktas)

(km?).

1100 = (catchment area of Akkoprii)} - (catchment
area of Sugati) (km?)

The results of the above are shown in Table 4-1-5, 4-1-7 and 4-1-8.
The fluctuation in monthly run-off at the respective project sites and Su?ati

and Akkspru Gaging Stations are shown in Fig. 4-1-13,

Fig. 4-1-13 Variation of Monthly Average Discharge
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4-1-3 FLOOD DISCHARGE (MAINSTREAM OF DALAMAN RIVER)

a. General

The proper method of calculating design flood discharge would be to make
probability ealculations based on flood records from a period of many yéars,
but on study of run-off recc:;rds of the Dalaman Basin it was found that flood
observations had not been made so that it was decided to make estimates from

precipitation data. Therefore, the values obtained here will have to be adjust-

ed based on actual observations in the future,

b. Estimate of Probable Daily Rainfall

Upon study of various data, three observation stations, Acipaya-ma.
representing the upstream catchment area, and Kbycefiz and Nifkoyu re-
presenting the downstream catchment area were selected for rainfall data. Of
the three, Kbycegiz and Nifkdyu are in the same rainfall belt as Mugla and
Fethiye respectively with comparatively little time lag in rainfall, Therefore,
rainfall at NifkSyu was estimated for almost the whole period based on the
correlation with Fethiye, while for Kdycegiz a part of the peried with no record
was supplemented from Mugla, At Acipayama actual records for the entire
period were used for calculations.

Composite rainfall at the various sites were calculated by the Thissen
method, According to these calculations the application ratio of the three
observation stations are as shown in Fig. 4-1-14.

The period covered by the rainfall data used was made to coincide with
the 13-year period of actual observation at Acipayama from 1950 to 1962.

The main daily rainfall (the value at which composite rainfall during the same
day is greatest) for each year at the three observation stations is shown in

Table 4-1-9,
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Fig. 4-1-14
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Table 4-1-9 Main Daily Rainfall in Past 13 Years

Observation Station

Pate Acipayama *Nifkayu Koycegiz Remarks
May 7 ‘50 25.2 5.5 - *: Obtained from N = 1.0F
Nov, 10 " 13,1 44,1 " 26.5 N = Dajly Ramnfall at Nifkéyu
May 4 " 43.0 = 87.0 F = Daily Rainfall at Fethiye
Mar. 25 "51 51.6 47.1 -
Oct. T " 0.1 132.9 ** 38,6
Jan, 18 7 = 19.1 **110.0
Jan. 9 '52 56.0 0.1 - **. Obtained from K= 1.5 M
Nov. 23 " 0.1 71.8 **43.8 K = Daily Rainfall at Kdycejiiz
Nov, 2 " - 29,2 *135.0 M = Datly Ramnfail at Mugla
Jan. 9753 34.0 37,2 -
Feb. 7 " 12.0 92.4 10.7
Nov. 3 " - 18,5 42,2
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Observation Station
Date Acipayama *Nifkoyu Kaycegiz Remarks
Sep. 3'54 56.0 0.2 -
Dec. 8 " 28.0 78.8 40.8
Nov, 6 " - 29,2 88.8
Jan. 12 'G5 25.0 1.8 -
Jan, 23 " 32.0 73.1 98.6
Feb, 4 " - 41.2 99,8
Feb. 1 '56 43,5 34.4 -
Feb. 4 " 40,0 50.1 43.5
Dee. 27 " - 27.6 56.5
Dec. 1 '87 28.3 64,8 -

" "o " " 30.4
Nov. 18 " - 24,0 48,9
Jan. 2458 36.2 52.5 -

A - " , 64,1
Oct, 19 " - 75.8 8.0
Nov. 10 '59 13.2 46.2 -
Dec, 31 " 12.6 70.8 55,3
Nov. 9 " - 46,8 160.5
Dec, 28 '60 43.5 61.6 -

" "o " " 102.8

" "o - 51.9 8.9
May &1 37,8 6.5 -
Feb. & " 32,5 53.0 62,4

"o - 41,1 67.8
Feb, 16 '62 43.5 123.2 -

"o " " 48.9

" "o - 1.8 84.6

From the above data the composite rainfall at the respective proposed
dam sites were obtained, and taking the maximum value for each year and
arranging them in the order of greatest volume Table 4-1-10 was obtained.

Table 4-1-11 is obtained by calculating the maximum yearly rainfall

probability at each site by the Gumbel method using the data from Table

4-1-10.
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Table 4-1-10° Maximum Daily Rainfall in Year at
each Proposed Dam Site

Sandaleik Giirleik Gaéktas & Asmacik |

No. Main Stream Tributaries {Below Sandaleik) {Below Ghrleik)

i 109,0 MM 132, 9 mm 94,6 mm 138.4 Mm

2 97.1 92.4 93.3 113.8

3 0.3 78.8 84,2 107.8

4 63.9 77.8 BO.7 94.8

& 62,17 1.8 18.8 4.6

i1 56.9 77.8 13.6 92,3

1 56.6 15.5 62.8 8.6

8 55.0 70.8 61.5 76.9

9 54.5 64.8 58.8 62.2
10 53.8 61.6 68.1 62.0
11 46.2 53.9 57.8 53.5
12 45.8 80,1 56.9 50,9
13 35.6 44.1 4.3 37,7

Table 4-1-11 Probability Distribution of Daily Rainfall
at Each Proposed Dam Site
Proba~ p Sandalctk Giirleik Goktas & Asmacik
bility 'r“g"‘e Main Tribu- (Below (Below Yt
Year of Data Stream taries Sandalcik) Giirleik)
20 YRS Flood 106 mm 137 Mm 1gg M 150 mm 3.0
Protection

200 " Spillway 147 176 140 213 5.3
1000 " " 176 210 164 257 6.9
Gumbel Probability

Equation - .
R: Probability Daily R=53+ R=64+ R= 83+ R=G9+

Rainfall 17.7Yt 21, 2¥t 14,67t 277t

Yr: Auxiliary Function

c. Method of Estimating Peak Flood Discharge and Flood Hydrographs
From the daily rainfall probability, using the Rational method equation,
the peak flood discharge of the four areas: the mainstream and the tributaries
of Sandalcik, Giirleik {(below Sandalcik), Gbktas and Asmacik (below Giirleik),
were calculated. Next, using unit hydrographs applying the Rational method,

the flood hydrographs of the four areas were estimated. These flood hydro-
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graphs were added taking into account the respective times the flood crests
arrive at the locations, and the peak flood discharged of each proposed dam
site were calculated.

Rational Method Equation

Op= L L for A iiniiiernnennans e eieenee. (4=1-
P= = r ( 9)

where Qp = peak run-off of flood {m3/s}

f = run-off coefficient

r = average rainfall intensity within time required for flood to reach
designated point {mm/hr)

A = catchment area {km?')

The run-off coefficient f was determined as shown in Table 2-1-12
taking into consideration vegetation, topography, area and other conditions of
the drainage basins and the yearly run-off coefficients (Sugati: 15 to 25%;

Sugati-Akkdpru: 40 to T0%).

Table 4-1-12 Run-0ff Coefficient

Run-0ff Coefficient
Carchment Area Large-Scale Floods Small-Seale Floods
Sandaletk (Main Sweam) 25 % 20 %
- (Tributarzes) 60 40
Sandalcik-Glrleik 60 40
Glirleik-Gdktas & Asmacik 60 40

The "r" is determined by the time required for flood dischanges to
arrive from the farthest point upstream and the pattern of hourly rainfall
distribution. The time was calculated by the Rziha equation and the Kraven
equation based on the river gradient profile.

c-1 Rziha Equation (mountain area, see Fig. 4-1-15)

Wy =72 ( Hy y0. 6
L Cee e veiaenes.(4-1-10)
Tl = Ll
W)
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where W) : flood propagation speed (km/hr)
H; : head (kr;x)
Ly : distance {(km)
. Tl : time required for arrival (hr)

c-2 Kraven Equation (plain area, see Fig. 4-1-15)
Hy/Lz :not less than 1/100 1/100-1/200)
not more than 1/200 L {4-1-11)
Wo(km/hr) : 12.6 10.8 7.6

Ty = Ly /W
where W, : flood propagation speed (km/hr)
H, : head (km)
L, : distance {km)
T, : time required for arrival (hr)
It was assumed the propagation speed within the reservoir would be

1/2 the speed of the flood wave.

i r e eeesra e (4-1-12)
T3 = L3/W3
where W3 : propagation speed within reservoir {m/s)
I h :average depth of reservoir (m)
g :acceleration speed of gravity: 9.8 m/s
L3 : distance within reservoir {m)
T3 : time required for arrival (hr)
Fig. 4-1-15 Profile
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The distances (L), propagation speeds (W), and times reqiired for
arrival {T) are shown in Table 4-1-13. The L, W and T between the various

proposed dam sites are shown in Table 4-1-14.

Table 4-1-13 Horizontal Length (L), Propagation Speed {W),
Time of Arrival {T) to Each Dam Site

Site Mountain Area Plain Area Reservolr :‘;:::;f
ig. 4-1-15 . 4uls
(sce Fig } (see Fig. 4-1-15) Amwal
L | Hy/Ly|w, [Ty | Ly |Hy/Ly | Wy |Ty | L3 | h Wy | Tg| T=T1+TpT,
Sandalcik km km/hr| he km km/he| hr | km m m/fs hr
{Main 14 1/24 |10.5 |[1.3 90 1/300 | 7.6 11.8 | 117 a0 11,2 0.4 | 1,3+11,8+
Stream) 0.4 %514hr
Sandaleik
. 1,740,
(Tribu- 16 | 1/21 |9.5 (1.7 17 | s0 | welodl|] ;’;ﬂ 4
taries) N
Ghirleik
2, 6+0.
(Below 28 |1/20 | 9.5 [2.6 10 (e | 11.0]08]| 2503
58hr
Sandalcik)
Goktas &
Asmacik 17 | 1214 [13.2 |13 13 | 25 7.8 | 0.5 | 1-30-5
(Below S5 2hr
Glrleik)
Table 4-1-14 Horizontal Length (L}, Propagation Speed (W)
Time of Arrival (T} between Proposed Dam Sites
Upstream Dam to End of Total of
Section Backwater (by Kraven Reservoir Times of
Equation) . Arnval
T=Ty+Ty
L2 Hg/Lg Wo Ty L3 h Wg T3
Sandaleik- km km/hr | hr km| m | m/s hr 1.140.5
Gorletk 14 1/21 12.6 1.1 14 50 11.0 0.3 " :
=1.4hr
Giirleik-
GGktas & 13 25 7.8 0.8 0.5 hr
Asmacik

The pattern of hourly rainfall distribution was estimated from the hourly
rainfall data at Antalya. A comparison of cumulative houriy rainfall and daily
rainfall is shown in Fig. 4-1-16. The critical extent of rainfall {maximum
t-hour rainfall is the maximum) was considered and a distribution {pattern of

rainfall shown in the diagram) as shown by the heavy line in the diagram was
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assumed.

Fig. 4-1-16 Distribution of Hourly Rain-Fall at Antalya
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o  Unit hydrograph applying the Rational equation

The Rational equation gives the maximum flood discharge by expressing
the flood wave form of the site in question in a triangle with the flood in-
creasing linearly from 0 within the time required for arrival (tr) reaching its
maximum at t=tr and after that decreasing linearly until it becomes 0 at t=2tr.
Assuming that this is an unit hydr'ograph, the flood wave form for rainfall,
other than the maximum rainfall within the time required for arrival of the
flood, can also be estimated as shown in the shaded portions {///) of Fig.
4-1-17. By placing these one on top of another, an approximate of entire
flood wave form can be obtained.

The unit hydrographs for the mainstream and tributaries of the Dalaman
River at Sandalcik, Gurleik (below Sandalcik), Goktas and Asmacik (below
Glirleik) obtained by applying the theory of Rational equation are shown in
Fig. 4-1-18. The flood hydrographs obtained in this manner may differ from
the actual pattern, but there are no other methods and since the peak flood
discharges can be considered to be comparatively reliable this method was

used.
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Fig. 4-1-17 Hydrograph
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d. Design Flood Discharge of Proposed Dam Sites

o Design Flood Discharge at Sandalcik
The flood discharge at Sandalcik obtained by the method described above

is as shown in Fig. 4-1-19. According to this the maximum natural {lood

discharge is 3,200 m3/s.

At Sandalcik Reservoir a surcharge of 2 m {V = 43 million m?3} will be
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provided to.control peak flood discharges. Operation of gates as described
below will be carried out with two purposes in mind. One will be to reduce
peak flood discharges in connection with design of spilriway capacity of the
respective proposed dams. The other will be to reduce peak flood discharges
and thereby prevent overlapping of peaks with downstream flood discharges as
a means of flood protection of the lower stream of the Dalaman River. In this
case it was assumed floods would occur at normal high water surface level

(El. 705 m) and design of spillway capacity was planned based on 200-year
flood probability while flood protection plans were based on 20-year {lood
probability.

d-1 Until flood flow releases through the spillway reach 700 m3/s, inflow will
be released untpuched in order to maintain water in the reservoir at normal
high water surface level (El. 705 m).

d-2 After spillway discharge reaches 700 m3/s, discharge will be maintained
constant at 700 m3/s until the reservoir water level reaches E1. 706. 6 m.

d-3 When the water level of the reservoir reaches El. 706.6 m, the discharge
will be maintained constant at I, 600 m3/s until the reservoir water surface
reaches the maximum level (El. 707 m).

d-4 When the water level reaches approximately to the maximum (El. 707 m)},
all gates will be opened full and discharge left to nature.

Calculation of control of peak flow after full-opening of gates is based on
the Cheng diagram method of analysis while for the spillway capacity curve,
Fip. 4-1-21 was used. In Fig. 4-1-21, for the benefit of actual gate operation,
the relation betweeen gate opening and water storage level when discharge is
maintained constant at 700 m3/s and 1, 600 m3/s are also shown.

When control of peak flow is carried out according to the above criteria
to determine the spillway capacity, Fig. 4-1-20 is obtained. According to
this, the design flood discharge for the spillway capacity at Sandalcik will be

2,600 m3/s.
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Fig. 4-1-19 Design Flood Discharge Curve at Sandalcik-
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FLOOD DISCHARGE (comra)

o Design Flood Discharge-At Giirleik
The design flood discharge for the spillwas.r capacity at Glirleik is 3,400 -
m3/s obtain-ed from the flood flow between Sandalcik and Giirleik to which the
flood discharge from Sandalcik is added taking into consideration the time
required for arrival,
o  Design Flood Discharge at égktas )

The design flood discharge for the spi:llway capacity at G'c'vk!:as is 3,600
m3/s obtained from the flood flow between Giirleik arld Goktas to which the
flood discharge from Gurleik is added taking into consideration the time
required for arrival,

© Design Flood Dischargé at:Asmacik
As the proposed dam at Asmacik is a rock-fill structure, large-scafle

floods which can not be regulated at Sandalcik were taken into consideration

-

for design of spillway capacity. In other words, a 1, 000-year probability’
flood was considered and from calculations based on the same method as the

other sites, the design flood dis}:harge for the spillway capacity at Asmacik

will be 5,700 m3/s.

Fig. 4-1-22 Flood Discharge Curve and Flood Centrel at Sandalcik u
(For-Flood Defense of Lower Dalaman Basin)
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o° Floqa F<10wffor Flocd Protection Plans of the Lower Dalaman Basin

" When control of peak flood discharges is carried out at Sandalcik for

" downstream flood protection based on the beforementioned operation criteria,

Fig, 4-1-22 is obtained. Adding to the floodwaters between Sandalcik

to Glirleik, Glirleik fo Goktas (=Asmacik), the design flood discharge at

Asmacik for the downstream flood protection plans is 1, 760 m3/s.

4-1-4

1

EVAPORATION

Evaporation loss measured in the vicinity of the Dalaman River is as shown

in the following table and in Fig. 4-1-24,

Table 4-1-15 Evaporation Loss Around Dalaman River Area

Observaticn Evaporation {(mm)
. Starion Oer. - Apr. - Remarks
i Pt Total for Year
Mar, Sept.

Antalya Average of Most
{Clasz a Pan) 558 1312 1870 Recent 3 Years
Mugla
{Class a Pan) 357 1512 1869 Dittg
Dalaman
(Class a Pan) 508 1292 1800 Ditto
Dalaman (389) (1051) (1440) { Average of Most
{Open Pool} 346 976 1322 Recent 3 Years)

’ Average of Most

Recent 9 Years

Fig. 4-1-23
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.

According to the above table, the yearly evaporation loss measured by evapora-
tion meters is 1, 800 to 1, 900 mm which is roughly constant regardless of location,
The evaporation loss measured by open peool at Dalaman is 1,400 mm. In general,
the ratio between evaporation measured with an evaporation meter and the evapora-
tion from a natural lake surface is 60 to 80%. Compared to this, the ratio of
evaporation from the open pool to the evaporation shown in the above table is 78%.
Therefore, it may be said the evaporation from the open pool at Dalaman re-
presents the evaporation loss from natural lake surfaces. From the above, itis
determined that the evaporation loss from lake surfaces in the Dalaman valley will

be 1,400 mm annually,

4-1-5 SEDIMENTATION

Regarding sediment carrying characteristics of the Dalaman River, there is
only data of 2 days of investigations. There are no data at all for estimation of
sedirmentation, such as, erosion conditions within the drainage basin. Therefore,
the sedimentation within reservoirs must be estimated from examples of rivers with
similar drainage basin conditions. In the past, in Japan and other countries,
determinations made in this manner have not been uncommon and so long as the
conditions of the drainage basins are similar good results can be obtained.

Fortunately, in the case of the Dalaman River, there is the Kemer Dam in the
adjacent drainage basin (Ak River) where the catchment area, precipitation, flood
discharge, etc. are similar, and the figures obtained at Kemer Dam will be used
as recorded for Sandalcik Reservoir. On this basis, the sediment which will be

carried into the Sandalcik Reservoir in 1 year will be approximately 400 m3/km?2,
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4.2 GEOLOGY

4-2-1 GENERAL

Geological surveys have been carried for the entire Dalaman River Basin by
geologist‘s of DSI and a 1/25, 000 geological map has been prepared. Furthermore,
at the Sandalcik, Gd&ktas and Asmacik sites, geological surveys and borings have
been conducted by DS] and 1/5,000, 1/10,000 and 1/1, 000 geological maps have
been prepared.

The number of borings is as shown below.

_ Bite No. of Bore Holes Total Liength (m)
Sandalcik, main dam 12 1, 305. 03
" ' " " 1 {Adit) 200. 00
n , saddle dam 5 407. 54
Gobktas Darm (upstream site) 4 610. 99
Asmacik Dam 3 169. 30

The Mission carried out studies of all boring cores with the exception of three,
SK-1 to SK-3 at the Sandalcik Main Dam site, and geological surveys of the proposed
sites. Based upon the results of the investigations it recommended that 7 borings
be made at the site of Sandalcik Main Dam. Of these seven, data on four borings,

SKB-~1 to SKB-4, were received by the Mission late in October, 1965.

4-2-2 TOPOGRAPHY AND GEOLOGY OF PROPOSED SITES

a. Sandalcik
o Topography
The poposed site of the Sandalcik Main Dam located approximately 1.5
km to 2. 0 km downstream of the confluence of the mainstream of the Dalaman
River and Hiiseyin (Tahtaci) River, a tributary. This part of the river is a
gorge with the river bed elevation between approximately 550 m and 580 m

and the width of the valley at the river bed between approximately 5 m and 30

m. Within the reservoir area the topography is a V-shaped valley along the
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Dalaman River, while along the Hiiseyin the width of the valley at the river bed
is broad with development of river terraces in many places.

There are two prospective sites for the main dam, t&1e ‘uI‘Jstream and
downstream sites, The topography of the upstream site shows a river bed
width of approximately 15 m with steep cliffs of 70° to 80° rising on both banks
from the river bed up to around El. 660 m from where the slope becomes
gentle, 20° to 25°. The downstream site is approximately 500 m do;ﬂvnstream
of the upstream site. The valley width at the river bed is about 3 m }:o 5m
with both banks forming steep cliffs of 70° to 80°, but a saddle is found on the
leit bank at approximately E1. 720 m.

At Sandalcik, a saddle dam is planned in addition to the main dam. The
location is approximately 1.5 km south of the river confluence and the vicinity
is a hilly area with numerous gullies,

o  Geology

The bedrock at the proposed alternative dam sites and the reservoir
area is composed of Mesozoic limestone, schist, peridotite and I\ieogene marl
and conglomerate.

The limestone is distributed at the proposed dam sites and at a location
6 to 7 km upstream of the mainstream from the dam sites. Schist is found in
the limestone and in s-mall areas around the limestone. Peridotite is widely
distributed on the right bank side of the Dalaman River upstream of the dam
sites. Lake deposits composed of marl and conglomerate are widely dis-
tributed on the left bank of the Dalaman River upstream of the dam sites and
along the Hiiseyin River.

Of these rocks, limestone has close connection with leakage and
especially the limestone found at the proposed dam sites and at the location
6 to 7 km upstream are liable to show leakage. The limestone at the dam
sites will be described in detail in Chapter 6. Hm;vev'er, the limestone at

the upstream location has not been surveyed due to lack of topographical
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maps and it will be necessary to make surveys in the future. Furthermore,
there is at around E1. 700 m at Kizilyer near the fork of the Dalaman and
Hiseyin Rivers a distribution of Neogene limestone which also should be an
object of future investigation.

o  Main Dam Sites

The foundation rock at the main dam sites is composed of limestone,
schist and peridotite. At the upstream dam site the distribution is found to be
bedded limestone in the river bed, massive limestone and schist on the left
bank and massive limestone, schist and peridotite on the right bank. At the
downstream dam site, except w}_lere interspersed in part by schist on the left
bank, the entire area consists of massive lirmestone.

Talus desposits are distributed on both banks of the upstream dam site
from El. 670 m and above. The thickness is an average of 2 to 3 m and
includes blocks of limestone and peridotite. There are no deposits of sand and
gravel in the river bed, the bedrock being exposed.

Faults are found mostly between the upstream and downstream sites and
at the left bank of the downstream site. Especially, at the saddle on the left
bank of the downstream site, there are large-scale faults roughly parallel to
the river.

o  Saddle Dam Site

The geology of the saddle dam site is formed of Neogene lake deposits
mainly composed of marl and conglomerate partly interspersed with chalk and
mudstone. The thickness of the formation is more than 100 m and for the sake
of convenience, this formation which is confirmed by borings is classified as

shown below.

Division Characteristics
Upper formation Located at the top, chiefly marl
Middle formation Located below the upper formation,

consists of conglomerate, mudsteone,
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Division Characteristics

chalk and marl

Lower formation Lowermost stratum found in boring

investigations consisting of conglomerate

The upper formation is distributed over the entire dam site. The thick-
ness of the formation is irregular being 3 m in thin places and 60 to 70 m in
thick places. Strike and dip of the bedding is N 30° - 60°E, 15° - 25°NW near
the dam axis and N80° - 90°E, 20°NW along the Hiiseyin River. The rock
character is silty to sandy and muddy being chalky in parts. To a depth of 5
to 10 m from the surface, weathering has occurred and the rock is platy and
fractures easily but the interior is massive. In dry condition the rock is
generally hard, but when it absorbs moisture it becomes soft and especially,
the chalky material is very soluble.

The middle formation is exposed high on the right bank, but near the dam
site it is covered with marl and is seldom found exposed. The thickness of the
formation is usually 10 to 50 m with the general strike and dip N50° - 80°E,
15° - 20°SE. The rock character is on the whole uncemented and soft. Chalk
especially is highly scluble, conglomerate crumbles easily and the roundness
of gravel is poor.

The lower formation is exposed in the vicinity of the junction of the
Dalaman River and the Hilseyin River and downstream of the junction, but is
not exposed at the dam site. The thickness is th'ought to be of considerable
extent. The rock character is uncemented and is light brown to yellowish
brown in color containing gravel of serpentinite and peridotite. The size of
the gravel is normally from 3 to 10 cm, but some particles are as large as
30 em.

o Geology of Proposed Intake, Waterway, Underground Power Plant and
Tailrace Sites

The geology of the area where waterway structures will be located chiefly
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consists of peridotite with a partial distribution of limestone.

. . Peridotite is distributed at the proposed intake site, most of the length
of the pressure-tunnel and the entire length of the tailrace, while limestone is
found in parts of the pressure tunnel section and at the penstocks and under-
ground power plant sites., However, the limestone is in the form of large
xenoliths in the peridotite and the size and shape are not known. Therefore, it
will be necessary to investigate whether or not the penstocks from El. 635 m to
El, 268 and the whole of the underground power plant will be located in
limestone,

The rock color and condition of cracks of the peridotite is similar to that
found at the proposed dam sites., However, since serpentinization has develop-
ed markedly it is anticipated that alteration of rock character will be pro-
nounced in the section through which the tunnel will pass. Especially, the

tailrace section shows characteristics which are even more serious.

b. Gilirleik
o Topography

The site of the proposed Giirleik Dam is at the junction of the Cehennem
Valley and the Dalaman River, approximately 4.5 km upstream of the village
of Karakol on the middle stream section of the Dalaman River.

The dam site and reservoir area form a typical V-shape valley in
general, but in the peridotite distribution which is upstream from a peoint
approximately 4 km above the dam site there are many places where there
are traces of landslides or landcreeps.

* The river bed at the proposed dam site is at an elevation of approximately
150 m and is approximately 40 m wide. The slopes of both right and left banks
are approximately 50°.
o Geology

The bedrock of the dam site and reservoir area consists of Mesozoic

limestone and peridotite. The limestone is distributed along the entire
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Cehennem Valley area and to about 4 km upstream of the dam’site. Above this
point the rock is peridotite. The limestone in this area is most widly dis-
tributed in the entire Dalaman River Basin and it is extensive and a stable
mass, but there is fear of leakage. In the peridotite, serpentinization is very
conspicuous. The foundation rock of the dam site and the power plant site is
limestone and except for a deposit of fallen rock on part of the left bank, there
are hardly any talus deposits or river deposits. Limestone at the proposed
dam site is of massive limestone and bedded limestone. The massive limestone
is located below approximately 240 m above sea level and the bedded limestone
is located above the elevation. The color of the rock is white to greyish colour
and it is very hard. Weathering of the rock is not particularly advanced, but
there are many cracks, especially in the left bank. There are no large

faults at the dam site, except for three minor faults between approximately

250 m and 350 m upstream of the dam site on the left bank. The strikes and
dips of these faults are N30°E 70°NW, N-S 40°W, N40°E 65°SE, and all are

accompanied by sheared zones.

c. Goktas
o Topography

The proposed Goktas Dam sites are approximately 6.5 km downstream of
the Giirleik dam site. The reservoir area is a relatively wide V-shape or U-
shape valley with river terraces in many places.

There are two prospective sites for the dam, one being the upstream
site immediately above the confluence of the Arapacik Valley and the Dalaman
River and the other, the downstream site, in a gorge approximately 3.5 km
downstrearn of the former.

Four borings have already been made by DSI at the upstream side. The
elevation of the river bed is approximately 80 m, the width of the river bed is

approximately 45 m and the slopes of the right and left banks are 45° to 55°.

The downstream site river bed is at approximately E1l, 68 m.
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Its width is approxirﬁ_a.tely 10to 20 m and the right and left bank canyon

walls are on a slops of 80° to 85°,
o] Geology

The bedrock of the dam sites and the reservoir area is composed of
Mesozoic limestone and peridotite. The limestone is distributed at the gorges
where the upstream and downstream dam sites are located and along the entire
left bank from a point 1 km above the upstream site down to the downstream
site. The peridotite is distributed along the right bank from the upstream
site to the downstream site and around a point 1 km above the upstream site.

For both upstream and downstream sites the contact between the limestone
and the peridotite is in the form of a fault. However, since the hydraulic

gradient from the reservoir aleng the faults are 0.04 to 0. 07 per 100 m of
' elevation for both sites, there should be little concern of leakage through these
faults.

The limestone is a large-scale mass widely distributed on the left bank
with many dissolved holes and there is great danger of leakage. Together with
the Giirleik reservoir area a detailed geological survey will be necessary.

o Upstream Dam site

The bedrock of this dam site is limestone. The river deposit is thick at
this site reaching about 40 m. The deposit consists of gravel, sand and silt,
with large sized gravel of 20 cm to 30 cm in diameter although mostly the gravel
is smaller than 10 c¢m.

According to the EIE survey report the coefficients of permeability of this
river depgsit are roughly as given below.

Coefficient of Permeability {em/s)

Depth in Borehole (m) Maximum Minimum
1.5 - 10.5 1.92 x 10-3 7.88 x 10-3
10.5 - 13.5 3.44 x 10-2 3.84 x 10-2
13.5 - 27.5 1.02 x 10-2 9.75 x 10-2
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The limestone is bedded limestone with strike and ‘dip N15° = 50°W,
15° - 30°NE. The limestone is gray to dark gray in color and is an alternation
of sandy and slaty limestone 5 to 10 cm thick. Weathering of the foundation
rock at this site is advanced with craks penetrating deeply and the foundation
rock as a whole is loose,

According to boring results the loosening and weathering of the foundation
rock extends more than 100 m and if the dam site is to be selected in this
location, it would be advisable to move the dam axis approximately 700 m
upstream from the point where boring investigations are presently being
conducted.

o Downstream Dam Site

Boring investigations have not been conducted of the downstream dam
sité, but it is thought the depth and characteristics of the river deposit are
little different from those of the upstream site.

The foundation rock on both right and left banks is massive limestone
with numerous cracks and slickensides, but the rock is tight. The fact that
there are considerable slickensides indicates there has been tectonic movement
and thorough investigation is necessary.

In comparing this site with the upstream site, there is little difference in
elevation of the river'bed and the weathering of the foundation rock is thinner
while open cracks are fewer so that the geology at this site is more favorable.
Therefore, in this Report, the downstream site has been tentatively used in
planning of the Gdktas Dam Project.

The proposed power plant site is located on the right bank approximately
200 to 250 m downstream of the dam site. This point is near the boundary
between limestone and peridotite and since this boundary is a fault, detailed

surveys will be necessary to decide on the final location of the power plant.
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d. Asmacik
<] Topography

The Asmacik Dam site is approximately 4 km downstream of the proposed
Gbktas downstream site. This site is at a narrow but extremely meandering
part of the river, with the river bed approximately 100 m wide at an elevation
of about 50 m. The right bank is a mountain slope of approximately 35° to 40°
while the left bank is formed by hills of approximately 110 m elevation with
slopes of 30° to 35°, Narrow saddles are found in these hills.

Upstream in the reservoir area, the river valley widens and there are
many river terraces formed on the left bank.

6 Geology

The bed rock at the dam site and in the regulating basin is composed of
Mesozoic limestone, dunite and what is thought to be Quaternary conglomerate.

The limestone is distributed near the end of the backwater, and most of
it is covered with conglomerate. The conglomerate is distributed below
elevation 100 m in the area between the vicinity of the end of the backwater to
a point about I km downstream. This conglomerate is well cemented. Dunite
covers almost all of the regulating basin area.

The foundation rock at the dam site is dunite, The river deposit is
approximately 50 to 60 m thick and is composed of gravel, sand and silt.
The size of the gravel is generally under 20 ¢m in diameter.

The left bank saddle area has a fault with a sheared zone approximately
3 m in width which runs across the saddle. The strike and dip of this fault
is N80°E, 60°NW. Details are given in Chapter 6-1-3.

Waterway and Power Plant Sites

The geology of proposed sites for intake, waterway and power plant
consists entirely of dunite. The rock has discolored to yellowish brown
at the surface, but in deep parts the color is black-green. Both surface

and interior are hard, but serpentinization is seen although it is not as

— 135~



extreme as at the Sandaleik tailrace area. -

4-2-3 EARTHQUAKES

. od - e 4 oL T
Earthquakes in Turkey in the past have occured in the three regions of the

I P T

Aegean Sea coast in the west, the vicinity of Bolu City in the north and the vicinity

® .

. - i - P
of Erzincan in the east which is famous for the Erzincan Earthquake of 1939. In

the Anatolian Plateau running east-\:;rest in the center of Turkey and alo;g the -
Mediterranean Sea coastal area on the south there have been no ea{.rthqt’lakes of a
magnitude to affect structures, The project area is on the boundalry of the Aegean
Sea .region and the Mediterranea:n Sea region which has no earthtiuakes. | The

Dalaman Gorge which runs north-south between Fethiye and Koyecegiz belongs to

the southern undersea earthquake zone extending from the coastline to Rodhas

Island.

Presently there are seismographs installed at 4 places; Istanbul, Cine,
Kastamonn and Roman. Records of earthquakes in the project areas de;cected at
these observation stations are not clearly known, but according tc; results of
surveys of earthquakes for entire Turkey conducted by E;r. Shtin'.ichiro Omote¥ of
Istanbul Engineering University Seismological Resaérch Institute (presentl‘y,
Professor, University of Tokyo) and Muzaffer Ipek, Givil Engineer.“ earl;hquakes
actually felt during the 100 years from 1859 to 1958, listed by intensity have been
as follows:

Earthquakes by Intensity

Greater than V 10 times; west and south of Dalaman
8 times; in the Dalaman Gorge
Greater than VII 3 times; east of Dalaman
2 times; west of Dalaman
Greater than IX 2 times; around Denizli
1 time; a great distance to the west
Judging from the above, although further detailed 'study will be necessary, it

is thought adequate to consider earthquake intensities of IX on the Mercalli
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int_er;sity scale in désigning of dams in the project areas.

"There have been earthqual;es recorded in Japan which have been greater in
intensity than IX on the Mercalli scale, but for arch dams and rock-fill dams the
technological intensity of A=0.24 is adopted and for the Dalaman River it is
thought sufficient to consider intensities of about the same degree as Japanese

standards.
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5, LOWER DALAMAN RIVER BASIN DEVELOPMENT PLAN

5-1 BASIC CONCEPTICN

5-1-1 INTRODUCTION

The Dalaman River with a catchment area of about 5,200 km? is blessed with
abundant water resources having an annual run-off of approximately 1, 600, 000, 000
m3, However, its water resources remain completely undeveloped except for
some water being utilized for irrigation in the lower Dalaman Plain area,

Agricultural pattern of the Dalaman Plain is the growing of one-crop-per-year,
The cultivated land is inundated at times of flood and damages are inflicted to
crops affecting yield and quality.

The ratio of annual run-off of the Dalaman River between wet and dry years is
pronounced, being approximately 3:1. In order to effectively utilize the run-off of
the river which fluctuates so greatly, it will be necessary to provide reservoirs
which can regulate the run-off over a number of years. From this viewpoint, the
plan for the development of the Dalaman Basin is to build three reservoirs and a
regulating pond on the main stream of the Dalaman River to regulate the run-off
and make available a firm supply of water throughout the year. Considerable
benefit can be gained by utilizing this water for irrigation and power generation,

At present, the main source of agricultural water of the Dalaman Plain is the
Dalaman River, but this river is extremely dry in summer and the run-off fluctu-
ates greatly by the year, and as this area sees little or no rain during the summer,
agricultural production is very unstable. Therefore, in order to promote apri-
culture in the Dalaman Plain it will be necessary to secure an assured source of
water supply by the construction of the beforementioned reservoirs and repulating
pondage and to provide irrigation and drainage systems as well as to take measures
to lower ground water levels and for flood protection.

The area of land in the Dalaman Plain which can be irrigated is approximately
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14,000 ha, The water required for irrigation can be secured by reservoirs having
a combined effective storage capacity of approximately 120, 000, 000 m3., As for
flood control measures for the Dalaman Plain, it will not be very economical to
attempl complete regulation of flood discharges with reservoirs and it is more
advisable to build levees along the banks of the river in the plain area to discharge
the great part of the run-off through the river channel,

Together with the reservoirs and regulating pond, 4 power stations will be
built and the electric power generated will be transmitted to Izmir by a transmission
line approximately 280 km in length to supply demands for power of the southwestern
areas where Izmir is the center,

As described above, the Lower Dalaman River Basin Development Program
consisting of flood Protection, irrigation and drainage works of the Dalaman Plain
and clectric power development, has been prepared with the purpose of effective
utilization of the Dalaman River Water resources. Since the total storage capacity
of the three reservoirs exceeds far over the required water quantity for irrigation
in the Dalaman Plain, which is 120, 000, 000 m3, the determaination of the reservoir

capacities was made based on the power generation program.

5-1-2 BASIC CONDITIONS
The scale of reservoirs was examined based upon the foliowing conditions.
a. The economically justifiable scale of reservoirs was considered on the
basgis of maximum excess benefit (V-C) that is the difference between total
benefit derived from development programs proportionate to the scale of each

reservoir (V) and the total annual cost (C).

b. As the slandard for benefit from power generation a standard thermal
power plant was assumed. Based on this standard thermal power plant,
expense per KW and KWh was calculated and these were considered the

standard unit values of effective output and effective electric energy,
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c. Power output and electric production energy were calculated on a monthly
basis based on run-off data of the 21 years from October, 1943 to September,
1964. The average of the December peak output securable for the 21 years
was considered the firm power output (dependable capacity).

The abovementioned run-off data were based on actual records of Sucati
(in early years, Alci) Gauging Station and Akkopru Gauging Station and

converted values from Kayirli Gauging Station,

d. The installed output of each power station was based on the assumption
that overall load factor of the hydroelectric power plants on the Dalaman

River would be approximately 43% with some allowance added,

e, The topographical maps used for preparation of the plan were as listed
below,

1/200,000 topographical map: entire drainage basin

1/25,000 topographical map: Liower Dalaman River basin

1/5,000 topographical map: Lower Dalaman River basin

1/1,000 topagraphical map: Sandalcik and Asmacik Dam sites

All surveying for the above maps was conducted by DSI.

f. Interest rates on construction costs were set at 5% for power generation
facilities to be built by DSI and 7% for power transmission lines and sub-
stations to be built by Etibank.

Taxes were considered for only the work to be performed by Etibank,

no considerations being made for work to be executed by DSI.

g Construction costs were estimated referring to standard unit costs used

by the D5SI and costs in Japan and other countries.

5-1-3 SELECTION OF RESERVOIR SITES
The following 4 locations were selected and surveyed as sites for reservoirs

in consideration of the topographical and geological conditions of the Lower
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Dalaman River,” run-off at each site. and method of development of the river:
. Sandalcik Reservoir Site
A point approximately 1. 1 km downstream of the junction of the Tahtaci
(Hﬁseyin) Stream, a left-bank tributary, and the main Dalaman River..
b. Giirleik Reservoir Site
A point immediately below the junction of a right bank tributary, Cehennen
Stream and the main river.
c. Goktas Reservoir Site
A point approximately 2,5 km downstream of the junction of a right-bank
tributary, the Bayali Stream, and the main river. A
d. Asma.cil; Regulating Pond Site
A point approximately 4 km upstream from the Dalaman Bridge.
A upper Sandalcik reservoir site was also considered at a point approximately
2 km upstream of the junction of a tributary, the Kirkgecon Stream,. and the main
river. In a comparison study of the case in which 2 reservoirs would be built,
one at this site and the other at the Sandalcik site, and the case in which one large-
scale reservoir would be built at Sandalcik only, it was found that the latter would
be more economical and so the idea of a reservoir at the upstream site was

abandoned.
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5-2 °  RESERVOIRS

5-2-1 RUN-OFF AT EACH PROPOSED SITE
The monthly run~off of each proposed site calculated in 4-1-2 are as shown in
Table 4-1-5 through 4-1-8, The wet and dry years and the run-off characteristics

of the 21 years from October, 1943 to September, 1964 are tabulized below.

Table 5-2-1 7 Run-Qff Characteristics of Each Projected Site

R (1) Annual | (2) Max, (3) Min. Remark
Site Run-Off Monthly Monthly
106 m3 Run-Off Run-Off
106 m3 106 3 (2)/(3) Dry/Wet
Wet Year 1,562 309 31 10,00
Sandaleik Dry Year 452 ' 54 23 2.40 3.50
(3,970 km?) 21Year Ave. 940 155 30 5.20
(above in m3/s) | (29.80) (63. 20) {11.60)
Wet Year 2,165 392 50 7.80
Grleik Dry Year 733 87 41 2,10 3.00
(4,510 km?) 21-Year Ave. 1,367 216 49 4,40
(2bove i m3/s) | (43.40) (89. 40) (18.80)
Wet Year 2,455 432 60 7.20
Goktas Dty Year 868 103 &0 2.10 2.80
(4,770 km?) 21-Year Ave, 1,573 246 58 4,20
{above mn m3/s) (49.90) (101.8) (22, 40)
Wet Year 2, 466 433 60 7,20
Asmacik Dry Year 874 103 50 2.10 2. 80
(4,780 km2) 21-Year Ave. 1,581 247 58 4,20
{above 11 m3/s) (59.19) (102.10) (22. 50)

The 21-year average annual run-off at the Gdktas site is approximately
18,200 m3/5-day (1, 5?0,000, 000 m3). Approximately 56% of this run-off comes
in the four-month period from December to March while the run-off during the
four-month dry period of June to September is only about 17% of the annual run-off.
The ratio between wet years and dry years is 3:1 and there is considerable fluctua-
tion according to the year. For a river having such great fluctuation in run-off,

it is necessary to build reservoirs and provide seasonal regulation of run-off to
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firm up the dry season run-off in order to effectively utilize its water. Furthermore,
for even greater utilization of water, it is desirable to build a large-scale reservoir
to provide run-off regulation over a peried of years if construction of the reservoir

is economnically feasible,

Next, monthly mass curves of the Sandalcik, Giirleik and Gdktas sites were
prepared based on monthly run-off over the 21 years from October, 1943 to
September, 1964. As seen from these mass curves, the one cycle of May, 1956
to April, 1963 which includes a consecutive number of dry years beginning with the
dryest year, 1957, is the critical period in deciding the project. Therefore, thf}

scale of the plan is based on this series of consecutive dry years.

5-2-2 DETERMINATION OF RESERVOIR CAPACITY

As stated in 5-1-3, there are 3 locations, Sandalcik, Gurleik and Goktas which
are considered as sites for reservoirs. In order to determine the effective storage
of water necessary for the most effective development of the Dalaman River, studies
were made of 5 alternatives for the total effective storage capacity of the 3 re-
servoirs: 500,000,000 m3, 700,000,000 m3, 900, 000, 000 m3, 1,100,000, 000 m3
and 1,500,000, 000 m3. The effective capacity of the respective reservoirs for
each alternative was based on the following considerations:

Sandalcik is located at the most upstream point and also has a very high
storage efficiency so that the capacity was made larger than the other 2 sites.
Dead water was considered to be 300, 000, 000 m3 and the low water level of
the reservoir for each of the alternative was assumed to be the same,

Gurleik and Goktas will have dam-type power plants and as fluctuation
in available drawdown will have great effect on head, the available drawdown

was considered at 1/3 or less of maximum head in order to minimize the

effect,
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Table 5-2-2 Effective Capacities of Reservoirs
for Various Alternatives

Total
Storage - .
Capacity Item Unit Sandalcik Gurleik Goktas
(m3)
6 Normral Water Surface Level m GY0 250 127
oS00 x 10
Effective Capacity 1083 370 60 70
Nornmal Water Surface Level m 698 262 135
700 x 106
Effective Gapacity 106m3 520 85 95
6 Normal Water Surface Level m 06 270 145
900 x 10
Effective Capacity 106m3 665 115 120
Normal Water Surface Level m 712 280 150
1,100 x 10° 6,3
Effective Capacity 10%m 820 135 145
6 Normal Water Surface Level m 723 308 150
1,500 x 10
Effective Capacity 106m3 | 1,110 245 145

The result of brief studies of the above are given in Fig. 5-2-8 and it is shown
the total effective capacity at which excess benefit will be the maximum is
900, 000, 000 m3. The relation between effective capacity of reservoir and utiliza-
tion factor of run-off at Goktas is shown in Fig. 5-2-9. As can be seen from this
graph the utilization factor of run-off when effective capacity is 900, 000, 000 m3
will be approximately 95% and in order to increase the utilization factor any more,
the effective capacity will have to be increased drastically, Therefore, it can be

said that approximately 95% will be most economical.

5-2-3 EFFECTIVE CAPACITY OF VARIOUS RESERVOQIRS

The catchment areas for the respective proposed sites are as tabulized below.

Table 5-2-3 Catchment Area of Projected Sites

Projecred Catcliment Total Catchment
Area Proper Area
Area km?2 km?2
Sandaleik 3,910 3,970
Girleik 940 4,510
Goktas 260 4,770
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Projected Catchment Total Catchment
Area Proper Area
Aren km?2 km?
Asmacik 10 4,780

As stated previously, reservoirs are proposed at Sandalcik, Gurleik and Goktas,
and the respective capacities were computed from 1/5, 000 scale topographical maps.
The capacity curves of these reservoirs are shown in Fig. 5-2-4 through Fig, 5-2-7.

The normal high water surface levels and effective capacities of the respective
reservoirs under the various alternative plans are as shown in Table 5-2-4.

The storage capacity required for regulation of the Dalaman River run-off, as
described in 5-2-2, is 900, 000, 000 m3 total effective capacity at the 3 reservoirs
of Sandalcik, Giirleik and Goktas. The 4 alternative plans tabulized below were
studied in determining the effective capacities of the respective reservoirs to

obtain a lotal effective capacity of 900, 000, 000 m3,

Table 5-2-4 Normal Water Surface Level and Effective Capacity
of Reservoirs Under Various Plans

Proposed Plan
Reservolr No.1 No.2 | No.3 | No.4
Sandalcik Normal Water Surface Level m 695 700 705 T10
Reservoir Effective Capacity 10%m3 | 460 560 665 770
Girletk Nortmal Water Surface Level m 226 305 270 255
Reservoit Effective Capacity 108m3 [ 320 220 | 115 80
Giikeas Normal Water Surface Level tn 145 145 145 130
Reservolr Effective Capacity 106m3 | 120 120 120 10

The effective capacities of the reservoirs under the various alternative plans
were calculated by the same methods as in 5-2-2.

The results of studies of these various alternative plans, as described in
detail in 5-3, Hydroelectric Power Generation Program, show that Plan No. 3 in
which the normal high water surface level of Sandalcik Reservoir is at EL. 705 m,

is the most advantageous (See Fig. 5-2-10}). The pertinent data of the respective

reservoirs in this case are as shown below,
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Fig 5-2-6 GOKTAS RESERVOIR AREA AND CAPACITY CURVE
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Table 5-2-5 Pertinent Data of Reservoirs
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Sandalcik | Gurleik Goktas Asmacik
Item Unit Reservoir Reservoir | Reservoir Regulating
Pond
Catchment Arca km2 3,970 4,510 4,770 4,780
Annual Inflow 165m3 940 1,367 1,513 1,581
Normal High Water
Surface Level m 705 270 145 1
Reservoir Surface Area km?2 21.2 3.8 6.5 1.2
Total Storage Capacity 108m3 965 160 195 11.49
Effective Capacity 108m3 665 115 120 2.2
Available Drawdown m 45 40 25 2
Fig. 5-2-10
COMPARISON OF EACH RESERVOIR CAPACITY
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5-2-4 AVAILABLE DISCHARGE OF RESERVOIRS
The total effective capacity of 900, 000, 000 m3 of the 3 reservoirs correspond
to about 60% of the 21-year average annual run-off of approximately 1, 600, 000, 000
m3 of the Dalaman River at the lowermost Goktas Reservoir site. This effective
capacity is a capacity which is adequate for regulating the greatly fluctuating run-
off of the Dalaman River over a number of years.
The available discharge of the respective reservoirs when this storage capacity
is effectively used is as described below:
o Sandalcik Reservoir
The effective capacity of 665, 000, 000 m> of Sandalcik Reservoir cor-
responds to about 70% of the annual run-off of approxirmately 940, 000, 000 m3
at this site. With this reservoir, it will be possible to carry out seasonal
regulation of run-off, and alsec yearly regulation by storage of run-off of wet
years for release in dry years.
The firm available discharge of this reservoir will then be 24. 00 m3/s.
o  Gilrleik Reservoir
The effective capacity of 115, 000, 000 m3 of Gurleik Reservoir cor-
responds to about 27% of the annual run-off of about 430, 000, 000 m3 of the
catchment area remaining below the Sandalcik site.
Combined with the regulated run-off from the upstream dam, the firm
available discharge of this reservoir will be 34, 60 m3/s.
o Goktas Reservoir
The effective capacity of 120, 000, G600 m3 of Gbktas Reservoir corre-
sponds to about 60% of annual run-off of about 210, 000, 000 m3 of the catchment
area remaining below the Giirleik site.
With this reservoir, it will be pessible to carry out seasonal regulation
of run-off and also yearly regulation by storage of run-off of wet years for
release in dry years.

Combined with the regulated run-off from the upstream dams, the firm
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available discharge of this réservoir will be 40. 80 m3/s,

o  Asmacik Regulating Pond

The effective storage capacity of the Asmacik regulating pond is 2, 200, 000

cubic meters.

With this storage capacity the pond can store, and regulate the released
discharge of the upstream power plants during peak generation to secure a

firm discharge of 27.37 m3/s for irrigation use as well as peak supply of

36.5 m3/s for generation at the power plant.

Based on the studies as mentioned above, average inflow, discharge,

evaporation and overflow will be as shown in the following table over the

period of 21 years.

s\

Table 5-2-6 Annual Inflow Discharge, Evaporation and Overflow

Sandaleik Girleik Gaoktas Asmacik
Annual Inflow 106m3 840 1,340 1,540 1,540
Discharge  108m3 B20 1,272 1,460 1,270
Evaporation  166m3 26 5 8 2
Overflow 106m3 94 64 7 269
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HYDROELECTRIC POWER GENERATION PLAN

;

5-3-1 ENERGY PRODUCTION STUDIES

a. Introduction

The following matters were taken into consideration in the study of
methods and scale of the hydroelectric power generation plan for the Lower
Dalaman River.

Methods and scale of power generation were selected to correspond to
the estimated demand for electric power in the western regions of Turkey.

The "Summary of Lower Dalaman Project - July, 1963, Ankara,"
prepared by DSI, points out the possibility of 5 power stations which ¢could be
built by the methods lisled below as comprising the hydroelectric power

generation plan of the Lower Dalaman River:

Proposed Site Power Station Method of
Generation
Sandalcik Sandalcik Dam-type
Narli Narli Waterway-type
Glirleik Glirleik Dam-type
Goktas Goktas Dam-type
Asmacik Bezkese Waterway-type

As a result of the field surveys of the Lower Dalaman River conducted
by the Survey Mission, it was found there would be numerous problems topo-
graphically and especially geologically in selecting a waterway route and
power plant site if a power station of the waterway-type were to be built at
Narli after construction of a dam-type power station at Sandalcik. Therefore,
upen studying these problems, it was decided to build Sandalcik Power Station
as a dam-and-waterway type {underground power plant} instead of building
plants separately at Sandalcik and Narli, as it would be more desirable to

develop the head down to the Narli site in one step.
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The power generation scheme of the Lower Dalaman River thus will
consist of one power station each at Sandalcik, Giirleik, G8ktas and Asmacik.

The type of power generation of these 4 power stations will be as follows:

Proposed Site Power Station Method of .
Generation

Sandalcik Sandalcik Dam-and-waterway
type

Gurleik Girleik Dam-type

Goktas Goktas Dam-type

Asmacik Bezkese Dam-and-waterway
type

The available discharge of each proposed site as already described,
were delermined based on studies of mass curves prepared using 21-year
monlthly run-off data, and of the continuous drought years of May, 1956 to
April, 1963. The calculation of electric energy used in study of the scale
of power stations were based on monthly figures of the run-off during the
abovementioned 7 years,

" The 15. 64 cubic meters per second maximum discharge to be taken in
al Asmacik for irrigation of the right bank of the Dalaman Plain will not pass

through Bezkese Power Station to be built on the left bank.

b. Energy Production under Various Alternative Plans

. The discharge of Sandalcik, Giirleik and Goktas Power Sations under the
various power generation schemes corresponding to the reservoir capacities
described in 5-2-3 were computed from the mass curves described in 5-2-1,
while the discharge of Bezkese Power Station was calculated as the run-off
remaining after drawing 15. 64 cuibe meters per second for right bank irrigation
from the discharge of the upstream Goktas Power Station.

The enerpy production figures for the various alternative plans calculat-

ed from the aforementioned 7-year period are as shown in Table 5-3-1,
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" Table 5-31 Ene}éy Production of Various Alternative Plans

Power Station
Item Unit Sandaleik | Gurleik Gaktas Bezkese Total
Normal Water Suface Level m 695 325 145 71
Standard Intake Level m 682 301 133 i
Plan Tatl Race Level ) m 325 145 71 30
Standard Effective Head m 341 153 60 35
No. 1 Firm Discharge m3/s 22.6 36.0 42,0 26,4
Firm Power Qutput KW 65, 500 46, 300 21, 400 7,800 141,500
Firm Energy Output 166kwh | 573.8 410.0 187.5 68.3 1,239.6
Normal Water Surface Level m 00 305 145 K}
Standard Intake Level m 687 287 133 T
Plan Tail Race Level m 305 145 71 30
Standard Effective Head m 364 137 60 a5
No. 2 Firm Discharge m3/s 23.3 36,0 42,2 26.6
Firm Power Output KW 72,000 42,000 21,500 7. 900 143,400
Firm Energy Output 106Kwn 630.7 367.9 188.3 69,2 1,256.1
Normal Warter Sureace
Level m 705 270 145 1
Stapdard Intake Level m 689 258 138 71
Pian Tall Race Level m 270 145 71 30
Standard Effective Head m 398 110 60 )
No. 3 Firm Discharge m3/s 24.0 34.6 40,8 25.2
Firm Power Output KW 81,000 32,300 20,800 7,500 141,600
Firm Energy Output 106 KWh 709.6 282.9 182,2 65,7 1,240,4
Normal Water Surface Level m 710 255 130 7
Standard Intake Level m 8 245 123 n
Plan Tall Race Leve] m 255 130 71 30
Standard Effective Head m 414 110 52 a5
No, 4 Firm Discharge m3/s 24.8 34.5 40 24,4
Firm Power Output KW 87,000 42,000 17,900 7,200 143,200
Firm Energy Output 108 Kwh 762, 1 280.3 148.9 63.1 1,254, 4
c. Installed and Firm output of Various Alternative Plans

© Installed Power Capacity of Various Power Stations
As stated in 3-1, it is estimated that overall load factor of the varicus
hydroelectric power stations will be about 43% in 1977, the year scheduled

for completion of development of the Dalaman River.
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Therefore, in studying the installed capacity of the various power
plants, the overall load factor of the 4 power static;ns was taken to be
approximately 43% and the lc;ad factor of each plant dete—rrlninechl il:l con-
sideration of the generating method, etc. of each plant.

The load factor of Sandalcik Power Station was assumed to be about
54% in view of the fact this station would be a dam-and-waterway type
with a comparatively long tunnel.

The load factors of Giirleik and Goktas Power Stations were set low
at 30 to 35% in consideration of these stations being dam-type plants and
in order to provide daily peak generation of 6 hours or longer.

As part of the discharge of Bezkese Power Station would be utilized
for irrigation, the load factor there was set at 65 to 70%.

Based on the above load factors and taking some allowance into con-

sideration, the installed capacity of the various power stations will be as shown

in Table 5-3-2, :

Table 5-3-2 Installed Capacity

Sandaleik Gurleik Goktas Bezkese Total
Plan Na. i 118,000 128,000 68, 000 12,000 326,000
Plan No.2 132,000 120,000 63,000 12,000 332,000 .
Plan No.3 150, 000 100, 000 66,000 i1,000 327,000
Plan No. 4 162,000 98, 000 60,000 10,000 330,000

o Firm Output of Various Power Stations
*The peak output of a power station which can be secured in the month
of maximum power demand (KW), is taken as the Firm output of that
power station. As described in 3-1 the maximum power demand (KW)
in Turkey is in December. Therefore, in this plan the average of the
minimum outpyt in December of each year was calculated and taken as

the dependable capacity.
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'The dependable capacity of each power station is as shown in Table

5-3-3,
Table 5-3-3 Firm Output

Sandalcik Gurleik Gokras Bezkese Total

Kw KW KW Kw KW
Pian No. 1 114,500 118,000 62,700 12,000 307,200
Plan No.2 128,000 108, 500 63,000 12,000 a11, 500
Plan No. 3 146,000 86, 800 61,000 11,000 3u4,800
Plan No. 4 157,000 83,000 51,500 10,600 301, Seu

d, Estimated Construction Costs

It would be satisfactory if the 4 power sations were to be completed in
approximately 10 years in consideration of the forecasted demand and supply of
power in the western area.

A preliminary estimate of the construction costs of the respective pro-

jects for various alternative plans are tabulized below.

Table 5-3-4 Estimates of Construction Costs of Dams
and Power Stations

Unit million T. L.

Item Sandalcik Gurletk Goktas Beskese Total
Plan Dam 161 3B5 98 5l 695
No.1 Power Generation “

Facilinies 215 128 110 549 512

Total 376 bh13 208 110 1,207

Plan Dam 189 2717 98 51 6156
No.2 Power Generatton

Facilities 222 120 110 54 a1l

Total 411 397 208 il 1,126

Plan Dam 206 163 98 al a18
No.3 Power Generation

Facilities 241 106 167 a4 507

Total 447 269 205 104 1,020
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Item Sandalcik Giirleik Gaktas Bezkese Total

Plan Dam 233 128 a1 51 493
No.4 Power Generation

Facilities 259 164 97 49 569

Total 492 292 178 100 1,062

As described in 5-3-6, transmission lines and substations will be con-
structed and will consist of 1 to 2 circuits of 154 KV between Sandalcik and
Bezkese Substations and ! circuit of 380 KV between Bezkese and Izmi.r sub-
stations.

Substations will be built at 2 places, Bezkese and Izmir (Bornova) and
the capacity will be 200 MVA for both.

The construction costs for transmission lines and Substations facilities
were estimated to be the same for all alternative plans, and preliminary

estimates are given in Table 5-3-5,

Table 5-3-5 Estimates of Construction Cost of
Transmission Lines and Substation

Item 1,000 T,L
Transmission Lines 112,500
Substatfons 110, 800
Total 223,300
e. Determination of Installed Capacity

The construction costs per KW and KWh at the generating end are shown

in Table 5-3-6.

Table 5-3-6 Construction Cost per KXW and KXWh for
Various Alternative Plans

Item Sandalelk Giirleik Goktas Bezkese Total
Maximum Outpit, KW 120,000 135,000 63,000 11,500 329,500
;l:nl Electric Energy
- Production, 108Kwh 635.6 459, 3 214.0 71.8 1,380,7
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Item ) Sandaleik | Girleik Goktas Bezkese Total
Gener= Construction
Plan aring cost, 166T.L 376 513 208 110 1,207
No.1 end  T.L/KW 3,186 4,008 3,059 9,166 3,702
T.L/KWh 6.59 1.12 0.97 1,53 0,87
Maximum Output, KW 120,000 123, 000 63,000 11,600 327, 600
Electric Energy
' Production, 108KwWh 680.4 412.8 217, 4 72.7 1,383.1
Plan
No.2 Gener- Construction
ating cast, 1097, L 411 3 208 110 1,126
end T.L/KW 3,114 3,304 3,059 9, 166 3,390
T.L/KWh 0.60 0.96 0,96 1,51 0.81
Maximum Output, Kw 150, 000 100, 000 66,000 11,000 327,000
Electric Energy
Production, 105Kwh 750.6 395.4 211.5 69.2 1,856.7
Plan
No,3 Gener- Construction
ating cost, 105T.L 447 269 206 104 1,025
end T.L/KW 2,980 2,690 3,106 9,455 3,135
T.L/KWh 0.59 0.83 0.97 1.50 0.6
Maximum Qutput, KW 162, 000 105,000 60,000 9,600 336,600
Electric Energy
Production, 105KwWh 790.5 339.0 176,5 65.5 1,371.5
;lan4 Gener- Construction
o atmg cost, 10T, L 492 292 178 100 1,062
end T.L/KW 3,097 2,974 2,967 10, 600 3,222
T.L/KWh 0.62 0.86 1.01 1.53 0.17

The electric energy shown above is the available output calculated for
the May, 1956 to April, 1963 period based on the reservoir operation described
in 5-2-4,

The excess benefit calculated for each plan is shown in Table 5-3-7.

Table 5-3-7 Excess Benefit
Unit 1,000 T. L

Towal
Annnal Costs 100,977
Plan Annual Benefic 158, 657
No.1
Excess Benefit 57,680
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Total
Annual Costs 96,498
Plan Annual Benefl 159, 840
No.2 nneal Benefit s
Excess Benefit 63,342
Annual Costs 90,588
Plan
No. 4 Annual Benefit 156,370
Excess Bepefit 66,782
Annual Costs 93, 2065
Plan Annual Benefit 156,411
No. 4
Excess Benefit 63,206

From the above it is evident that Plan No, 3 is the most economical and
the scale of development wa:; determined based on this plan,
5-3-2 ENERGY PRODUCTION OF VARIOUS POWER STATIONS
BASED ON PLAN 3
As described in the foregoing, Plan No. 3 was adopted and electric energy of
the various power stations was calculated for the 2l-year period from October,
1943 to September, 1964. The available energy output of the various power stations
are as shown in Fig. 5-3-1 through Fig. 5-3-5, The amounts of inflow, storage,
evaporation, discharge and overflow, and water levels of the variocus reservoirs
are as shown in Fig. 5-2-11 through Fig. 5-2-14.
According to the above the annual available energy production of the entire

Dalaman River System is 1, 454, 000, 000 KWh.
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5-3-3 DESCRIPTION OF RECOMMENDED PLAN

a. General

As previously described, the most advantageous hydroelectric develop-
ment plan for the Lower Dalaman River Basin is to build 3 reservoirs and 1
reglilation pond to regulate the run-off of the approximately 5, 000 km?2 catch-
ment area, utilize the total head of 675 m from the high water level of 705 m
of the uppermost reservoir down to the tailrace elevation of 30 m of the
lowermost power plant, constant 4 power stations of Sandalcik, Giirleik,
iC}E:'-kta.s and Bezkese to obtain a total output of 327, 000 KW to generate
1, 454, 000, 000 KWh of energy annually KWh, The estimated total construction
cost at the generating end is approximately 1, 025, 000, 000 T. L and the con-

struction cost per KW and KWh 3,135 T.L/KW and 0.71 T.L/KWh respectively.

b. Description of Power Stations

The outlines of the 4 power stations are as shown in Table 5-3-14. The

outline of the plan for each power station is described below,
o Sandalcik Power Station

A concrete arch-type dam 145 m in height and 384 m in crest length will
be constructed at the uppertost point of the Lower Dalaman River Basin in
order to create a reservoir with a normal water surface level of 705 m,
available drawdown of 43 m and effective storage capacity of 665, 000, 000 m3.
A rock-fill dam 40 m high and 760 m in crest length will be built at the saddle
at a location approximately 1.5 km from the main dam in order to prevent
overflow of water from the reservoir,

By means of this reservoir the run-off of the catchment area proper of
3,970 square kilometers will be stored and regulated over the years to be
utilized for power generation,

An intake will be provided on the left bank immediately upstream of the

dam te draw a maximum discharge 44. 30 cubicmeters per second. This water
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will be conducted to the Sandalcik Power Station {underground type) approxi-
mately 4 km downstream through a pressure tunnel 4. 50 m in diameter and
3,850 m in length, and utilizing a standard effective head of 398 m to generate
a maximum output of 150, 000 KW {75, 000 KW x 2 units). The annual load
factor of this power station is 54% and peak generation will be possible ap-
proximately 13 hours per day on the average throughout the year.

o Gurleik Power Station

Approximately 25 km downstream from the Sandalcik Dam site, a
concrete arch darmm 135 m high with a crest length of 310 m will be constructed
to create a reservoir with normal water surface level at an elevation of 270 m,
availabel drawdown of 40 m and an effective storage capacity of 115, 000, 000
m3. By means of this reservoir, the run-off of the catchment area proper of
540 km?2 of the reservoir and the discharge from the upstream Sandalcik Power
Station will be regulated and utilized for power generation.

An intake will be provided at the left bank immediately above the dam
and a maximum discharge of 107. 0 cubic meters per second will be drawn and
conducted to a power plant on the left bank immediately downstream of the
dam and utilizing a standard effective head of 110 m it will generate a maximum
output of 100, 000 KW {50, 000 KW x 2 units}, The annual energy production
will be 349, 000, 000 KWh. The annual load factor of this power station will be
32.3% and it will be possible for peak generation of 7.7 hours per day on the
average throughout the year,

o  Goktas Power Station

Approximately 19 km downstream of the Glirleik Dam site, a concrete
arch gravity dam 118 m high with a crest length of 90 m will be constructed to
create a reservoir with a normal water surface level of 145 m, available
drawdown of 25 m and effective storage capacity of 120, 000, 000 m3. By means
of this reservoir the run-off of the catchment area proper of 260 km?2 of the

reservoir and the discharge from the upstream Gurleik Power Station will
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be regulated and utilized for power generation.

An intake will be provided at the right bank immediately upstream of the
darn and a maximum discharge 129.5 cubic meters per second will be drawn
and conducted to the power plant on the right bank immediately downstream of
the dam and utilizing 2 standard effective head of 60 m it will generate a
maximum output of 66, 000 KW {33, 000 KW x 2 units). The annual energy
production will be 230, 000, 000 KWh. The annual load factor of this power
station will be 31.5% and peak generation of 7.5 hours per day will be possible
throughout the year.

s] Bezkese Power Station

Approximately 4 km downstrearn of the Gdoktas Darn site, a regulating
pond with a normal water surface level of 71 m, availabel drawdown of 2.0 m
and effective storage capacity of 2, 200, 000 m3 will regulate the run-off of the
catchment area proper of the regulating pond and the discharge of the upstream
Gboktas Power Station. From the regulated run-off, a maximum discharge
15. 64 cubic meters per second will be drawn through an intake provided on the
right bank for irrigation of 8, 000 ha of the plain on the right bank. Another
intake will be provided on the left bank immediately above the dam to draw a
maximum discharge 36.50 m3/s, which will be conducted by a tunnel with an
inner diameter of 4, 20 m and a length of 3, 040 m, to Bezkese Power Station
to be constructed at Bezkese. The standard effective head will be 30 m and a
maximum output of 11, 000 KW will be generated. The annual energy production
will be 88, 000, 000 KWh. The load factor of the power station will be 68% and
it will be possible to obtain peak generation of an average of 16.5 hours per
day throughout the year.

After generation of power a maximum discharge 11.73 m3/s will be
utilized for irrigation of 6, 000 ha in the left bank plain and the remainder will

be discharged into the Dalaman River,
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Table 5-3-14 Qutline of“P,qwer Generation Plan

Power Station

Item
Sandalcik | Gurleik Gdoktas Bezkese Total
Dam- - D -Water-
Method of Power Generation am-Water-|  Dam am Dam-Water
way Type Type Type way Type
Catchment Area
Upstream km> - 3,970 4,510 4,770
Catchment Arca Proper
or Residual Area km?2 3,970 540 260 3
Total km2 3,970 4,510 4,770 4,780
Reservoir or Regulating Pond
Annual Inflow
Upstream 168m3 - 913,4 | 1,2336.0 1,533.7
{m3/s) (29.0) (42.4) {48.6)
Catchment Atea Proper
or Residual  106m3 939.9 497.2 205.7 1.9
(m3/s) (29.8) (13.5) { 6.5) (0.3)
Total 108m3 939.9 1,340.6 1,541, 7 1,543.6
(m3/s) (29, 8) (42.5) {48.9) (48.9)
Regulating Factor 70.8 8.5 1.8 -
Reservoir
Name Sandaleik  [Giirleik Gakeas Asmaeirk :
Normal High Water
Surface Level m 705 270 145 71
Reservoir Surface Area  km?2 21.2 3.8 6.8 1.2
Total Storage
Capacity 108m3 965 160 195 11,7
Effective Storage
Capacity 105m® 565 115 120 2.2 900
Available Drawdown m 43 40 - 25 2
Dam
Type Concrete Conerete Arch Rock-F1ll
Arch Arch Gravity
Height x Crest Length m 145x 384 135x 310 118x 80 25x 250
Volume m? 490,000 450, 000 280,000 420,000
Waterway
Headrace, Diameter X Length
m 4.5x 3,850 - - 4.2x3,040
Tailrace, Diameter x Length
m 4.6x6,430 - - Open 20x84
Power Generation
Standard Intake Level m 698 258 133 1
Tailrace Water Level m 270 145 m 30
Standard Effective Head m 398 110 60 as
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[T Power Staticn
Item
Sandaletk  Girleik Gakeas Bezhese Total
Dam-Water~ Dam Dam-¥Water-
Method of Power Generation
, way Type Type Type way Type
Powerhouse Discharge
Maximum wd/s 44,3 107.9 129.5 6.5
Annual Average mdfs 26.0 40.3 46.3 33.7
Firm m3/s 24 34.6 40,8 -
Cueput
Maximum MW 150 100 66 11 327
Annual Average MW 89.7 39.9 26.3 10.0
Dependable Capacity MW 146 86.8 61 11 304. 8
Electric Energy Production
168Kwh 786.6 348.9 230,3 87.8  ]1,450.6
‘Tatal Construction
Cost 10571, 441 269 205 104 1,025
Per KW T.L 2, 980 2,690 3,106 9,456 3,135
Per KW T.lL 0.57 0.77 .89 1.19 0.71
*VY=C 10871 42,922 17,721 10,609 445 71, 697
*Vv/C 2,08 1.72 1.58 1.06 1,79
Note: * (1) Annual cost {(C) 1s for case of construction cost of common facilities (dams)

berne by power only.

{2) Transmission and substation costs of various power stations are allocated in

proportion to respective transmission capacities,

{3) Exeess benefit (V-C) and V/C are based on the assumption that the respective
power stations are completed simultaneously,
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5-4 POWER TRANSMISSION LINES AND SUBSTATIONS

5-4-1 SYSTEM FORMATION
The power stations of this plan will be at the 4 places, Sandalcik 150 MW,
Gilrleik 100 MW, Goktas 66 MW and Bezkese 11 MW, for a total capacity of 327 MW.
This electric power is to be transmitted to Izmir, the center of demand, through
interconnection with the Western System.
.
The following methods of transmission can be considered:

No.1 Direct step-up to 380 KV at each power station and transmit to
Izmir by 1 circuit.

No.2 Direct step-up to 275 KV at each power station and transmit to
Izmir by 2 circuits,

No.3 Connect power stations with 154 KV lines and provide step-up
sub-station at Bezkese and transmit from here to Izmir by 1
circuit, 380 KV.

The three alternatives were studied from technical, economic and system
operational viewpoints as follows:

In comparison of alternatives No. 1 and No, 3, it is found that in alterna-
tive No. 1 the unit capacity of each power station is small so that the cost of
equipment of outdoor switchyards will be proportionately greater and the con-
struction c¢ost of a transmission line between Sandalcik and Bezkese will also
be high. The exira construction cost will be higher than the construction cost
of the step-up sub-station at Bezkese so it is evident that alternative No, 3 is
superior. Alternative No. 3 is superior also in operation of the system and
transmission losses do not differ greatly.

In comparing alternative No. 2 and alternative No. 3, it is found that in
alternative No. 2 the three phase reclosing can be adopted for protection of
transmission lines and the service level is also higher than alternative No, 3.

But alternative No, 2 ¢costs more than alternative No. 3 by approximately
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29,000,000 T.L in transmission line costs and approximately 18,000,000 T. L
in equipment costs of power stations or a total of 47,000,000 T. L. However,
the approximately 55, 400, 000 T. L. cost of construction of Bezkese Sub-station
will not be required so that in a simple comparison, alternative No. 2 will be
approximately 8,400, 000 T. L cheaper. On the other hand, the construction
cost of Bezkese Sub-station includes import duty of 14, 600, 000 T. L so that

if this were deducted Bezkese would become cheaper by 6, 200, 000 T. L. In
either case the difference is insignificant compared to the total cost of con-
struction of transmission lines and substations.

Alternative No. 2 will have 20% more power and energy losses compared
to alternative No. 3, so that the latter is superior in this respect. Also, the
latter is superior in transmission capacity., Apgain, if Bezkese Sub-station
and the Poposed Dalaman Paper Factory were connected with a 154 KV line,
it will be convenient in operation of the system and also match with the
standardization of voltages in Turkey.

Therefore, the system will be formed as shown in Fig. 5-4-1 taking into

consideration the points described below.

Fig 5-4-1 SYSTEM DIAGRAM
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5-4-2 TRANSMISSION LINES '

a. 380 KV Transmission Lines

As described above, a 154 KV/380 KV step-up sub-station will be
provided at Bezkese and one-circuit of 380 KV transmission line 240 km in
length will be constructed.

For conductors 410 mm?2 ACSR, double-conductor will be adopted in
consideration of corona noise, power losses and operation costs. However,
since the power line carrier equipment will be used on this line, it will be
desirable to carry out working designs with thorough consideration given to

harmony between corona noise and performance of communication equipment,

b. 154 KV Transmission Lines

For selection of the type of conductor to be used for lines connecting the
various power stations and the line extending to Bezkese Substation, power
losses and annual costs for the 3 sizes, 240 mm2, 330 mm?2 and 410 mm?2
were compared. The conductor size most suited for each respective section
differs, but as it was judged advantageous to standardize materials, it was
decided to use 410 mm?2 ACSR, single-conductor, same as the conductor of

the 380 KV transmission line.

c. Study of Operational Voltages and Power Gurrent Flow

Assuming the load factors of substations in the Western Area based on
data of EIE, the power flow and voltage situation in 1976, when the develop-
ment of Dalaman Projects will have been completed, will be as shown in
Fig. 5-4-2 as a result of analysis with an alternating current network analyzer.
The power factors of the loads were taken to be 90%.
c-1 The voltage at the various places on the power flow diagram are for
cases of tapping of transformers a.,t rating and it is thought the required voltage

can be maintained by switching taps of transformers,
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c-2 However, in the Bornova and Balikesir regions it will be necessary to
install phase advancers such as static condensers. The capacity should be
determined upon study of the sizes of loads, power factors, and the structure
of the system at peak and off - peak times.

¢-3 Upon trial computations with the analyzer, it is found that the difference
of phase angle between the Gobel Edremit and Dalaman Systems is too great
and it will be difficult to carry out parallel operation. Therefore, the loads
of the two substations will be supplied from the Northwestern System and be
separated at the bus of Balikesir Substation so that only the load of Balikesir
will be supplied by the Dalaman System.

¢~4 The interconnection of Pasalar-Bursa-Balikesir will have to be streng-
thened by the time the load of Edremit Steelworks (40 MW, scheduled for
completion in 1966) is added to the system. In other words, for strengthening
of the interconnection of the Northwestern and Western Systems the construction
of the 154 KV transmission line between Tuncbilke and Demirképru now being
planned should be canceled and existing routes from the North-west to the
West should be strengthened.

c~5 The present transmission and distribution networks should be improved
since there will be locations to which stabilized transmassion and distribution

will be difficult with the increase in power demand,

d. Steady-state Stability
Upon study by the Wagner Method of the extra-high voltage power trans-
mission by the 1 circuit, 380 KV line, using the AC network analizer, the

steady-state of power transmission is found to be stable.
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e. Transient Stability

A study of transient stability due to high-speed single phase reclosure
(length of disorder time, 5 cycles) at time of single phase earthing at the
sending end of a 380 KV system (in case of 1 circuit), reveals it to be unstable
at length of no-voltage period 30 cycles, critical point is at 24 cycles and
stable at 10 cycles. However, if secondary arc current is considered, the
length of the no-voltage period is required to be 0.4 seconds (20 cycles) or
longer, thus the high-speed single phase reclosing is difficult.

In the case of 275 KV, 1 circuit, it is unstable at no-voltage time of 18
cycles. However, if transmission is by 275 KV, 2 circuits, it is stable at
no-voltage time of 24 cycies not only for single phase eal"thing but also for
two phase earthing at the sending end if high-speed, 3 phase reclosure is
adopted.

However, due to the reasons described later, a 380 KV, 1 circuit line

will be adopted and single phase reclosure will not be employed.

f. Charging of 380 KV Transmission Line

The voltage rise at the receiving end due to the Ferranti effect of the
380 KV, 1 circuit line is 104. 9% if only the transmission line were taken into
consideration, and if no-load charging of the transmission line were carried
out to make the voltage 100% at the receiving end (380 KV), the charging
capacity would be 125 MVA. However, since the capacities of generators of
this system are small, it will be impossible to charge the line by only one
power station. In order that charging can be accomplished from either
sending or receiving end, a 100 MVA shunt reactor will be provided.
Therefore, this will be divided and located at both sending and receiving ends
with a 50 MVA shunt reactor at each end. These shunt reactors can also be

used in voltage regulation at times of light load.
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g. Protection Methods

Since single phase reclosure is found to be useless as a result of study of
transient stability in the case of 380 KV, 1 circuit, and it cannot be helped if
the entire system is out of service at times of disorder in the transmission line.
If reliability of supply is highly demanded, it will be necessary to adopt a high-
speed, 3 phase reclosure system with extra-high voltage lines being 2 circuits
of 275 KV, with the power station side 154 KV system being 2 circuits for their
entire lengths. However, the Keban System now being planned in Turkey is 380
KV for which reclosure systems are not adopted. If the same degree of re-
liability is to be considered, it is thought 380 KV, 1 circuit will be appropriate.
For improvement in the service level of the system, shortening of repair time
should be accomplished by adopting the line fault-locator and VHF described
separately under plans for communications facilities. From the above con-
siderations, it is unnecessary to provide circuit breakers for the 380 KV
system. Breakers will be provided at the 154 KV side of interconnecting
transformers and for protection of power station transformers, and also at

the transmission line side of 154 KV connecting power stations.

5-4-3 SUB-STATIONS

As described in 5-4-1, 380 KV sub-stations will be provided at Bezkese and
Izmir. The interconnecting transformers to be installed at these two places will be
auto-transformers as existing 154 KV systems are direct grounding systems of
neutral point. One 200 MVA unit will be installed at the time of start of operation
at Sandalcik and Bezkese and an additional 200 MVA unit at the time of operation
of the next power station (scheduled to be Glirleik).

The interconnecting transformer at Izmir will be provided with I 5% load
ratio tap changer {LRC). Transformers at both sending and receiving ends will
be made so that shunt reactors with tertiary winding capacities of 50 MVA can be

inserted.
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5-4-4 | COMMUNICATIONS FACILITIES

Communications facilities are absolutely indispensable in operation of power

stations, substations and transmission lines. The service level of operation of a

power system will depend on the performance of these facilities. It is therefore

considered appropriate that the communications facilities described below be

provided.

a. Conditions for Circuit Formation
As Bezkese Substation and Bezkese Power Plant are adjacent to each
other, they will use common communications facilities and it will be assumed
a local operation center will be provided at Bezkese Substation for maintenance
and operation of power stations, substations and transmission lines.
Cor_nrnands to the Dalaman System will be issued from Izmir Substation
to Bezkese Substation and the Bezkese Substation will issue operation orders

to the various power stations,

b. Qutline of Cornmunications Facilities
b-1 Communications Facilities for Load Dispatching and Maintenance
For Formation of a communications circuit, power station and sub-
stations will be provided with apparatus for telephone communication consisting
of power line carrier and automatic exchange boards. At Bezkese and Izmir
Substations, VHF mobile radio stations will be provided for communication
when patrolling transmission lines and VHF fixed relay stations will be pro-
vided at appropriate locations along the transmission lines.
The various communications circuits will be made up as follows:
Load Dispatching Communication Circuits:
This will be made up of exclusive use telephone circuits.
Power Station and Substation Maintenance Communications Circuits:
This will be made up of automatic exchange telephone circuits.

Line Maintenance Communication Circuits:

A press.to-talk system making possible communication between the
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local operation center, Bezkese Substation, with mobile VHF radio
stations along the transmission lines through fixed VHF relay stations
connected with power line carrier circuits.
b-2 Other Communications Circuits
A line fault-locator will be provided at Bezkese Substation for rapid
repair of disorders in the 380 KV transmission line. Telemeter equipment

will be installed at Bezkese and Izmir Substations to record power production

=
and two other factors of each power station.

c. Items for Survey and Study

Before starting actual designs the following should be surveyed and
studied:
c-1 Allocation of radio Frequency

It will be necessary to receive allocation of radio frequenci:ss for power
line carrier telephone and VHF radio equipment in accordance with provisions
of Turkish laws.
¢-2 Selection of Station Locations

In selection of station locations for fixed VHF radio stations, it will be
necessary for field surveys and transmission tests to be carried out by
specialists.
¢-3 Others

Thorough consideration of the effect of corona noise of the 380 KV
transmission line on power line carrier telephones will be necessary in

carrying out working design of communications equipment,
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5-5 OUTLINE OF AGRICULTURAL DEVELOPMENT PROJECT
The items mentioned in this chapter are based on results of study of the agri-
cultural Development Project attached to Appendix. For details of the pProject,

Appendix should be referred to.

5-5-1 INTRODUCTION OF PRQJECT AREA

The Dalaman Plain is alluvial land formed by the Dalaman River over a long
period of years. In the northwest part the plain is adjacent to the Dalyan Plain,
spreads out to the south of Lake Koycefiz and is surrounded by the northern mount-
ain range, eastern mountain range and western mountain range, all between 100 m
and 610 m above sea level, and the Mediterranean Sea., The plain is located at
north latitude 36°42' to 36°52' and east longitude 28°37' and 28°52'. The elevalion
is in most parts 0 to 22 m.

The project area is roughly 18, 400 ha out of which approximately 14, 600 ha is
used for agriculture. The major crops of the area are cotton, maize and citrus.

The Dalaman River meanders through approximately the middle of the Dalaman
Plain to empty into the Mediterranean Sea and is the largest river in the area.

At the foot of the eastern mountains, there is the Tersakan-Kargin Stream
which collects the waters of the eastern mountains and flows into the Mediter-
ranean sea, This stream is also a main drainage waterway of the left bank side
of the plain.

At the foot of the western mountains, there is the Mergenlidzii-Sarisu Stream
which collects the waters of the western mountains and flows into the Mediter-
ranean sea. This stream is also a main drainage waterway of the right bank area
of the Dalaman.

The Dalyan Plain to the northwest is drained by the Dalyan-Bogazi Stream
which flows from Lake Koycegiz to the Mediterranean Sea.

The climate of this area is a mild Mediterranean climate. Annual mean tem-
perature is 18.2°C and the annual mean precipitation is 986.4 mm. Rainfall is

concentrated in the winter and spring and there is little or no rain in summer.
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Snowfall and frost are not seen of the plain and it is considered that crops can be
grown 365 days of a year,

The water of the Dalaman River is utilized for irrigation of the plain area, but
becomes scarce in summer and also fluctuates according to the year. The irri-
gation system is not organized so that from the point of view of irrigation it cannot
be said that the agriculture is stable.

The run off of the Dalaman River and the Tersakan Stream increase during the
rainy season from winter to spring, and overflow their river heds to enter the
farmland. The floodwaters remain on low and flat parts of the plain for long peri-
ods to cause delays in sowing of ¢crops in the spring. Because of this the harvest-
ing of crops coincides with the beginning of th.e rainy season and there are crops
which suffer in yield and quality. One of the crops that suffers is cotton which
is the first of the major crops of this area,

In the plain area, the drainage system in general is incomplete and the ground
water level is very high throughout the year, being mostly 0 to 1.0 m from the
ground surface. This also is a hindering factor in introduction of crops to this
area,

Furthermore, in this area, there are approximately 1, 900 ha of land with
salinity problems, but some part of the land may be easily improved.

The soil of the Dalaman Plain is mostly alluvial soil and the soil character
is clayey. The permeability of the soil tested with disturbed samples is in general
good to medium. The land of the Dalaman Plain classified according to DSI

standards are as listed below.

1. Arable land {Class I) 211 ha
2. Arable land (Class II) 2,988 ha
3. Arable land (Class III) 1,988 ha
4. Temporarily non-arable
land (Class V) 8,877 ha
5. Non-arable land (Class VI) 4,315 ha
Total 18, 390 ha
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The total number of agricultural units in the plain is 1, 553. Besides these there
is the'Dalaman State Farm {approximately 4, 300 ha), 'The total population of the

plain is estimated to have been approximately 17, 000 in 1965.

5-5-2 OBJECT OF DEVELOPMENT PROJECT

The object of development and improvement of the area is based on a change
from the present one-crop-per-year agriculture to year round cropping as a
rule. Also, in the relatively higher locations where the ground water level is
lower and the land is suited to citrus growing, the agriculture is to be changed
over to this high-yield crop, while for the purpose of introducing dairy farming
into farm management, feed production will be carried out throughout the year,
The introduction of two-crop farming and dairy farming into the area will absorb
the idle labor force in the winter to increase farm income while use of barn manure
will help to stabilize crop production. Especially, introduction of rotation crop-
ping in fields where yearly consecutive planting of the one crop of cotton had been
the custormn will prevent emaciation of the soil fertility as well as disease and
insect damage caused by consecutive planting, thus increasing productivity,

In order to accomplish this, the following program should be pursued.

(1} Levees of suitable hei-ght should be constructed on both banks of the

Dalaman River to prevent floed run-off of winter and spring from entering

the fields.

{2) Floodwaters of the Tersakan Stream Should be drained into the Dalaman

River by excavating a large drainage waterway from the vicinity of Derekdy

to the Dalaman. The water of the mountain area can then be discharged

quickly into the Dalaman River. Although the catchment area will thus be

reduced to half, there will still be the fear that rainwater of the eastern

mountains will enter the Tersakan-Kargin Stream and overflow into the plain

so that levees should be built along the stream in low areas {or prevention of

floods, In order to prevent rainwater of the western mountains from over-

flowing into the plain area, levees should be built along the stream in low
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areas,
{3} By construction of reservoirs (common facilities with power generation)
at points upstream of the Dalaman River from Asmacik Tepe and of a new ir-
rigation system within the area, optimum planting times will be secured and
it will become possible for suitable quantities of water to be supplied at suit-
able times during the growth period of crops. For positive intake of water,
all existing intakes should be abandoned and a new left bank intake constructed
at the tailrace of the Bezkese Power Station from which the discharge will be
conducted to the left bank irrigation system to be newly constructed. For the
right bank area, water will be drawn directly from Asmacik Regulating Re-
servoir. In other words an intake structure is to be constructed in the Asmacik
Regulating Reservoir, and by excavating a tunnel through the right bank area,
connection will be made with the right bank irrigation system to be newly built,
In this manner the present natural intake method of irrigation will be
abandoned and controlled irrigation water will be distributed. . For farmland
of higher elevation, pumped irrigation will be carried out, The irrigated
area upon completion of the project will be 6,000 ha in the Dalaman left bank
area, 5,000 ha in the Dalaman right bank area and 3, 000 ha in the western
area totalling 14, 000 ha,.
(4) The drainage systems in the area is to be improved, Drainage canals
all be given capacities sufficient to drain the rainwater of winter and spring,
and main and branch drainage canals are to be constructed in order to lower
ground water level of the farmland to more than 1.2 m below the surface
throughout the year. Where natural drainage will be impossible because of
elevation, pump drainage is to be performed.
(5) Vehicular bridges are to be constructed at Fevzie on the Dalaman River
and over the Tersakan New Waterway along with agricultural roads in the
area to accompany the construction of the irrigation and drainage systems

to make possible maintenance and control of the waterways, smoothness of
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farm management activities and convenience of transportation of farm produce,
Also, varjous information will be obtained more rapidly and communication
and exchange between communities will be expedited to contribute to advance-
ment of social conditions in the area. The inhabitants will also be able to cope
speedily with emergencies and disasters which may arise by making use of the
road network.

{6) An agricultural and animal husbandry center should be established in the
area for dessemination of information regarding agriculture and livestock
farming and to introduce and promote new techniques. For this purpose it

will be desirable to expand the organization of the Dalaman State Farm,
5-5-3 DESCRIPTION OF MAJTOR SCHEMES

a, Flood Protection Scheme
a-1 Dalaman River Levees

The design flood discharge of the Dalaman River at Asmacik upon com-
pletion of the Dalaman Project will be 1, 700 m3/s. Downstream, below the
outlet of the proposed new waterway connecting with the Tersakan Stream the
design flood discharge will become 2, 100 m3/s by the diversion of 400 m3/s
of water from the Tersakan Stream. In order to discharge this run off
without overilowing into the plain area, 16 km of levees on the left bank, 14 km
on the right bank or 2 total of 30 km is to be built along the banks of the
Dalaman River, The volume of earth embankment is estimated Lo be about
1,500,000 m3 and is estimated to cost 30,000,000 T.L.
a-2 Tersakan New Waterway

The design flood discharge of the Tersakan Stream near Derekoy will

be 400 m3/s. If the run-off from the catchment area of Tersakan Stream is
discharged through its natural bed an enormous improvement work will be-
come necessary of the Tersakan-Kargin Stream in the downstream plain area.

Therefore, in this project, a waterway approximately 8 km long is to be
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excavated, to divert 400 m3 /s of water into the Dalaman River. Earthwork,
including excavation and embankment, will be about 1,200, 000 m3 and the cost
is estimated at 9, 600, 000 T. L.
a-3. Tersakan-Kargin Stream

The Tersakan-Kargin Stream will serve to drain the downstream area
below Derekdy. The design flood discharge will be 220 m3/s near the mouth
of the stream and to prevent this water from overflowing into the low plain
areas, levees are to be built on the right bank of the Tersakan-Kargin Stream
for approximately 18 km from the mouth of the stream. It is estimated that
earthwork will amount to 545,000 m? and the cost will be 5,700,000 T, L,
a-4, Mergenlidzii-Sarisu Stream

The Mergenlidzii-Sarisu Stream will serve as the main drainage water-
way for the rainwaters of the western mountains and the farmland on the right
bank side of the Dalaman River. The design flood discharge will be 240 M3/s
and to prevent this water from overflowing into the farmiands, levees are to
be built on the left bank for 14 km upstream from the mouth of the stream.
The amount of earthwork is estimated to be 355,000 m> and the cost 3, 900, 000

T.L.

b. Irrigation Scheme
b-1 Water Source

With the natural run-off of the Dalaman River in the present condition,
it will be impossible to irrigate the 14, 000 ha planned in the downstream
area at suitable times with suitable amounts of water. As a result of study
it is found that agricultural water will be short in the 4 months of July, August,
Scptember and October and to supplement this shortage, storage of 120, 000, 000
m3 will be necessary. Construction of a reservoir is necessary for this pur-
pose and in this project the Sandalcik Reservoir will be a common facility
with the power dcveiopment project.

b-2 Agricultural Water Rights after Completion of Project
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As a result of study, it is proposed that water rights for agriculture to be

established upon completion of-the project should be as shown in Table 5-5-1.

Table 5-5-1 Proposed Water Right for Agriculture

{Unit Million m3)

Toral Area Detail
eft Ba

Month 14,000 ha Ef.mf]toBh:k Area 51?15‘;:: z:nk Area S.Sf):stt:::n Area
I 11,3 4,5 4.3 2.5
II 10.1 4.0 3.8 2.3
m 26.2 10.4 10,1 5.7
v 25.6 10.2 9.8 5.5
v 26,3 11.4 9.4 5.5
36.3 16.0 12,5 1.8
VIL 60.0 26.0 21.1 12,9
VI 63.1 27.3 22,5 13,9
IX 50.8 21.8 17,9 11.1
X 22,6 9.9 7.8 4.9
XI 14.4 6.3 8.4 2.7
X 15.0 5.8 6.2 3.0
Toial 362.2 153.6 130.8 7.8

b-3. Irrigation Facilities

From the standpoint of topography and of the present irrigation system,
the farmland of the Dalaman Plain should be divided into the Dalaman left
bank area, the Dalaman right bank area and the western area (the Dalyan
Plain chiefly irrigated at present with water from the Dalaman]).

After completion of the Program the acreage of these areas will be 6,000 ha
for the left bank area, 5,000 ha for the right bank area and 3, 000 ha for the
western area.

In the left bank area, part of the farmland near Derckdy is presently
being irrigated by the Tersakan Stream, but this district also has unstable
dry season run-off so that 150 ha, the area which can reasonably be irrigat-
ed with the dry season run-off, will use the Tersakan Stream as the main

source of water with water to be supplemented from the Dalaman when
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necessary.

As a result of study, it was determined that the maximum irrigation
water for the left bank i:rigation system will be 11.47 m3/s, and for the right
bank systermn 15. 65 m3/s out of which 6.00 m>/s will be for the western area.
The irrigation water for the left bank area will be secured by conducting water
after discharge from Bezkese Power Station through a tunnel to the irrigation
system to be newly built in the left bank area. Irrigation water for the right
bank area and the western area will be drawn directly from Asmacik Regulat-
ing Reservoir. An intake structure is to be constructed in the Asmacik Re-
pulating Reservoir and a tunnel will be excavated through the right bank to con-
duct the water to the irrigation system to be newly built,

A head of approximately 10 m will be obtained at the outlet of the tunnel
after intake from Asmacik Regulating Reservoir and in the present study it
was decided to provide chute works. This is because there are presently two
watermills on the right bank irrigation system which are being utilized by the
farmers both in wet and dry seasons and since it has not been investigated or
decided whether the farmers will desire water or electricity for motive power
conversion of this energy into electric power was not considered in the present
plan., Therefore, this matter should be determined through confirmation of
the wills of the farmers.

For effective distribution of water and prevention of seepage both main
lateral and distributary canals will be lined.

Where farmland is located at higher elevations and it will be impossible
to accomplish irrigation by gravity flow, pumping from the nearest waterways
should be planned to eliminate water shortages. These districts are as listed
below,

(1)  Akcgagol District 49 ha
(2) Mergenli Camis District 34 ha

(3) Giivez Dere District 54 ha
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Total 137 ha
The total length of main canals will be 79 km and lateral canals 272 km.
The construction cost including appurtenant structures is estimated at
62, 601,000 T. L,
c. Drainage Scheme
The main drainage routes of the Dalaman Plain will be the same as at
present with natural drainage to be carried out in principle, It is also plan-
ned to lower the ground water to 1.2 m or more below the surface of the
ground. The main drainage routes are the three streams listed below.
{1} Tersakan-Kargin Stream
(2} Mergenlidzi-Sarisu Stream
{3) Dalyan Bogazi Stream
In six districts where it is impossible to carry out natural drainage due
to low elevations, pumped drainage is to be performed.
The present waterways as a rule are to be improved in case of main
drainage canals, but where this is inadequate, new drainage canals are to be
constructed.

The unit drainage discharge is determined as follows:

(1} Surface water Field q; = 0.7 m3/s. km?
Hill Q2 = 2.6 m3/s. km?
(2) Ground Water q; = 3.6 mm/day

Drainage canals will all be plain cut and the system is planned for ef-
fective drainage to be carried out in concert with the planned irrigation systemn,
For this purpose, lateral drainage canals are to be constructed parallel to
lateral irrigation canals,

The length of main drainage canals will be 88 krn and lateral drainage
canals 166 kin. There will be six pumping stations. The total cost is estimat-
ed to be 32, 611,000 T.L,

d. Readjustment of Farmland
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In view of expansion in the scale of farm management and introduction of
large-sized farm equipment in the future; size of farm blocks agricultural
roads and terminal irrigation canals and drainage canals, are to be readjusted.
In order to lower ground water levels 1.2 m or more below the surface, the
bottoms of drainage waterways will as a rule be 2,0 m below the ground surface
and where necessary, tile drains will be buried, Land which there are topo-
graphical restrictions for utilization as farmland are to be improved by cutting
down of trees and shrubs, uprooting, claring of gravel and stones, land level-
ing, etc. The total cost is estimated at 45,500,000 T. L,

e. Others

Two bridges are to be included in the project: one at the crossing of the
Tersakan New Waterway and National Highway No. 6 and the other on the
Dalaman River taking advantage of the levees to be constructed along the river,

Dalaman River, Fevziye length 250 m
Tersakan New Waterway, Bezkese length .150m

The construction cost is estimated to be 6,000,000 T.L. As the costs
of establishing an agricultural and animal husbandry center and of land
acquisition for facilities 250, 000 T.L and 3, 922,000 T.L respectively were
estimated.

Furthermore, it is estimated that a supplemental survey period of two
years and a construction period of three years will be required for realization
of the Project and including the cost of these, the investment for the Project

is estimated to be 252, 000,000 T. L.

5-5-4 ANNUAL BENEFIT FROM EXECUTION OF PROJECT
a, Agriculture
The calculation of benefits of the agricultural phase of this project was
based on comparison of income, in consideration of the soil characteristics

and the crop suitabilities of this area, which was estirnated {rom yield of

crops assumed to be introduced upon execution of the project and before
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execution of the project. It was estimated that 5 years will be required for
crops to begin to produce the planned yields. The annual benefits were cal-
culated assuming that yield would increase linearly after completion of the

Project and reach the planned level in 5 years.

In the case of citrus, there are 500 ha planted with citrus fruit trees
which are 10 years old. If the agricultural program is executed an additional
2, 360 ha may be newly planted, and annual benefits which may be created by
this additional area were estirmated.

As a result of study, the annual increment of benefit which may be
derived from execution of the Project is as shown in Table 5-5-2. This was
calculated on the basis of an economic analysis period of 50 years and interest
rate of 5% per annum.

b. Animal Husbandry and Dairy Farming

With the execution of the Project it will become possible to carry out
planned production of forage crops. Also, by introduction of dairy farming in
farm management, the economy of the agriculture unit will be greatly im-
proved and the nutrition level of the farmers will be raised to help in im-
provement of the health of the farmers. In this way, the Project will produce
considerable benefits in the animal husbandry and dairy farming, but as basic
information sufficient te accurately calculate these benefits could not he
collected they were not estimated. As a substitute, forage crops were
included in agricultural production and benefits were estimated based on
farmyard delivery prices. Therefore, reliable calculation of benefits from
animal husbandry and dairy farming will have to be made from the results of
future investigations. However, an evaluation of the effect to this phase can
be made from nutrient content of feed which will be increased by 828 tons in
digestible crude protein, 4, 984 tons in starch value and 7, 40! tons in total

dipestible nutrients.
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Table 5-5-2 Annual Increase Benefit of Agricultural
Products in Dalaman Plain

Without Project

After Completion of Project

Item

Crops

Citrus

Total

Crops

Citrus

Total

Annual
Increase
Benefit

1. Annual Value
of Production

(T.L)
Annual
Production
Cost (T.L)

2.

Annual Net
Agnicultural
Income (T.L)

4, Annual Net
National Agri~
cultural
Income (T.L)

3.

5, Annual Gross

" National
Agricultural
Income (T.L)

23,193,510

15,075,782

8,117,728

17,395,133

19,714,484

8,474,400

4,283,580

4,180,850

6,250,050

6, 344,100

81,667,910

19,359, 332

12,308,579

23,645,183

26,058, 584

47,383,518

27,881,797
-

19,501,720

29,321,431

383,619,903

33,645,924

19,180,254

13,865,670

22,126,950

22,664,916

81,028,442

41,662,051

33,367,390

51, 448, 387

56,284,819

48, 361, 532

28,302, 119

21,058, 811

27,803,204

30, 226,236

cf, 1.
Estimated Area|
of Production
(ha)

cf, 2.
Annual Yield
(Kg)

Cf, 3.

Anrual Irrigation

Water Price in
the production
Cost

14,062

18,5627, 500

450

14,125, 500

14,512

32,653,000

13,875

84, 878,900

1,263,688

2,574

56,074, 500

463,320

16,249

140,953, 400

1,727,006

1,73

108, 300,400

1,727,066

* These figures are gained by development period calculation.

c.

Others

Flood control levees for the Dalaman Plain have been planned based on

studies to prevent overflow of flood discharges of 1, 700 m3/s in the upstream

areas and 2,100 m3/s in the downstream areas. On one hand the highest

run-off recorded at Fevzie on the Dalaman River is 522.5 m3ls, but since

flood discharges in this case are thought to have overflowed at Gayli in the

upstream area and below Yerbelen Tepe and spread to the west, this record
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cannot be determined as i'eflecting the total run-off accurately, Therefore,
at this stage, based on actual run-off records, it is not possible to ascertain
the cycle at which the design flood discharge of 2, 100 m3/s will occur. Also,
it is not clear what the total damages were in case of great floods of the past
and it is not possible to estimate the effect of the levees in terms of the monet-
ary amounts of damage prevented, Therefore, this will not be evaluated at
this time, but presumably, the construction of the levees will surely protect
real assets such as farmland, farm houses, roads, livestock, etc., as well
as movable property and reduce the damages experienced in the past to a
great degree., Furthermore, land values will rise and there will be possibili-
ties for introduction of agricultural products processing plants., With the ex-
ecution of the Project, the productivity of farmland will be increased so that
the value of the land itself will rise. In land other than agricultural use, con-
ditions will be created to convert land for processing plants for agricultural
and animal husbandry products. These cannot be estimated in monetary

values at this time, but are without doubt benefits which will be derived from

execution of the Project.

5-5-5 ANNUAL COST OF EXECUTION OF PROJECT (EXCLUSIVE AGRI-
CULTURAL FACILITIES})

As previously described, the initial investment of this Project is estimated

as shown in Table 5-5-3 below.

Table 5-5-3 Initial Investment

Item 1,000 T.L
1, Flood Protection 49, 200
2. Irrigation 62,601
3. Drainage 32,611
4, Land Read)ustinent 45, 500
6. Bridges 6,000
6. Land Acquisition 3,922
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) Establishment of Agricultural and
Anrmal Husbandry Center 250
8. Admimstrative Costs
Including Investigations and Engineering 12,000
9, Contingencies 25,694
10, Interest during Construction 14,9222
Total 252,000

Annual expenses were estimated based on a useful life of 15 years for pumping
facilities and 50 years for other facilities.

annual costs are as shown in Table 5-5-4,

Table 5-5-4 Annual Cost

Annual Cost

Item
‘Thousand TL Rematks
a. Maintenance and Operation 3,584
1) Flood Protection Structure, Irrigation Systein 2,939
Drainage System
2) Agricultural and Animal Husbandry Service 645
Center
b. Amortization of Investment Cost 13,805

AT 50 Yrs., 8% Interest

¢. Replacement of Fumping Equipment 120

At 15 Yrs. 8%  Interest
About 5% of Annual

d. Reserve for Unexpected Agricultural Damage due to 1,050 Increase 1n Net Agri-
Natural Calamuz cultural Income
Total 18,550

5-5-6 ECONOMIC JUSTIFICATION OF THE PROJECT

As already described up to the preceding section, the annual increased bene-
fit (initial benefit) of the agricultural phase of the Program was estimated as shown
in Table 5-5-2 and the annual increased cost of facilities exclusively for this phase
of the Program is shown in Table 5-5-4. The comparison of benefit and cost not

including the allocated cdsts of commeon facilities are as shown in Table 5-5-6.

:
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"Table 5-5-6 Comparison between Benefit and Cost

Annual Increase Annual Increase Annual Excess Benefit
Benefit TL Cost TL Benefit TL - Cost Remarks
Ratio
(1) (@) (3= (1) - (2 (4= (1)/(2)
21,058,811 18,559,000 2,499,811 1,13 * Capitalized
384, 449,654 * 338,813,104 * 45,636,550 * - "= 05%5" ears
1=40,

Factor = 18,256

The values of the above table will be used as the basic values for cost alloca-
tion of the common facilities. As a result of cost allocation carried out 1n a sepa-
rate section, the amount to be borne by this phase of the Program was determined
to be 1,044,000 T.L per year. The comparison of benefit and cost as adjusted by

these figures are as shown in Table 5-5-7.

Table 5-5-7 Comparison between benefit and Cost
{Included Allocation Cost)

Annual Increase Annual Increase Annual Excess Benefit
Benefit TL Cost TL Benefit TL - Cost Remarks
(1) (2 @)= -@ Ratio
(4 = (1)/(2)
21,058,811 19,603,000 1,455,811 1.07 * Caprtalized
384,449,654 * 3517, 872,368 * 26,571, 286 * . ':foano’s’em
Factor = 18,256

Next, as is the method used in Turkey, the comparison between benefit and

cost, using net national income as the benefit derived is as shown in Table 5-5-8.

_Table 5-5-8 Comparison between Net National Benefit and Cost
{Included Allocation Cost)

Annuai [ncrease Annual Increase Annual Excess Ratio
Natiopal Benefit TL Cost TL Mational Benefit
1) Remarks
) @ @=m-0 | @5
TL
27,803,204 19,603,000 8,200,204 1.42 * Capitalized
n = 50 Yeats
o07,575,292* 357,872,368 149,702,924 * - i=0.05
Factor=18, 256
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Using gross national income as the benefit, the comparison between benefit

and cost is as shown in Table 5-5-9,

Table 5-5-9 Comparison between Gross National Beneft and Cost

{Included Allocation Cost)

Annual Increase Annual Increase Annual Excess Ratio
Naticnal Benefit Cost National Benefit n Remarks
6y TL (2} TL @=(1-(TL | (4) o
30,226,235 19,603,000 10,623,235 1.54 * Capitalized
n = 50 years
551,810,146 * 357,812,368 * 193,937,778 * - i=0.05
Factor=18. 258

As seen from these tables the investment for this phase of the Program is
justified economically even from the point of only initial benefit and the Project

will contribute greatly to the national economy.

5-5-7 CONCLUSION

As a result of study on economic justification, and technical feasibility of the
Project based on available data, this Project is found to be promising and it would
be worth continuing with its surveys.

Therefore, it would be desirable to conduct some supplementary surveys for
exclusive facilities {see QOnclusions and Recommendations, and Future Surveys)
and proceed towards completion of the Project. It is also important to establish
at the earliest date an agricultural and animal husbandry center where farmers
may freely exchange information in order to promote advancement of agriculture
and livestock farming. At the same time political and economic considerations
should be given to strengthening of the structures of agricultural cooperatives and

mutual associations for stabilization of farm management.
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5-6 - -ECONOMIC STUDY

E;-6-1 ORf)ER OF DEVELOPMENT

As previously described, the development program of the basin consists of
construction of 3 reservoirs, 1 regulating pond and 4 power stations for generation
of a total 327,000 KW of electric power, construction of levees for flood protection
of the Dalaman Plain and irrigation and drainage of 14, 000 ha of land.

The order of development as described in 3. "Necessity of Development"
will be governed by the necessity for meeting the demand for power in the Western
Area and the necessity for agricultural development of the Dalaman Plain now
undergoing exploitation.

The following 6 orders of development are conceivable.

Plan Plan Plan Plan Plan Plan
I I i Iv v VI
Sandalcik Dam and Power
Station 1 1 2 3 3 2
Gurleik Dam and Power
Station 2 3 1 1 2 3
Goktas Dam and Power
Station R 3 2 3 2 1 1
Asmacik Dam and Bezkese
Power Station 1 1 1 1 1 1
Flood Protection, Irrigation
and Drainage of Dalaman
Plain 1 1 1 1 1 1

Note: |l indicates First Stage, 2 Second Stage and
3 Third Stage

In consideration of the order of development, the flood protection, irrigation
and drainage of the Dalaman Plain and the Asmacik intake dam were all planned
for the First Stage Program in view of the necessity of eariy development of agri-
culture. Also, from the standpoint of overall economy, since the Asmacik intake

dam and the left bank irrigation tunnel are common facilities with power gencration,

Bezkese Power Station should be constructed at the same tirme as the above facili-
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ties and therefore this power station is included in the First Stage Program.

The difference in order of construction of the 3 upstream power stations will
have no effect on the irrigation plans of the Lower Dalaman Plain. Bezkese Power
Station would be affected, but this will have little influence on the economic proper-
ties of the various combinations of the order of development of the 3 upstream power
stations. Therefore, the order for these power stations can be considered with
regard only to these stations. The economics of Sandaleik, Glrleik and Goktas

Power Stations in Plan I are as follows:

Sandalcik Gurleik Goktas
Construction cost per
KW, T.L 2,980 2, 690 3,106
Construction cost per
KWh, T.L 0.57 0.77 0.89
Benefit-cost ratio v/C 2.08 1.72 1.58

As shown above, Sandalcik Power Station is the most economical followed
by Gurleik and Géktas. Furthermore, the Gurleik site will receive downstream
benefit from Sandalcik, and Goktas from Sandalcik and Girleik, so that unit con-
struction costs will be higher if the respective upstream sites are not developed.
Therefore, if development is to be carried out from the most economical site in
determining the order of development, Sandalcik should be developed first, fol-

lowed by Gurleik and Géktas. Also, surveys of dam sites at Sandalcik and Asmacik
are much more advanced than the other sites, while access to the two sites is also
much easier,

From the above it would be most economical to select Plan I for the order of
development dividing the basin development program into 3 stages. This is also
appropriate from the standpoint of construction tech‘nology.

In further consideration of the First Stage Program mentioned above, in
regard to agricultural development of the Dalaman Plain, it is technically impos-
sible to design flood pro.tection, irrigation and drainage facilities based on the

surveys carried out to date and proceed with a definite study immediately.
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Therefore, further surveys will have to be continued, but since the construction
peried for flood protection, irrigation and drainage facilities will be 3 years, while
the' construction period for Sandaleik Reservoir, the water source, will be approxi-
mately 5 years including definite study, and since it is not conceivable that small
changes in flood protection facilities and irrigation and drainage facilities deviat-
ing from the overall basin program, which may be decided as a result of future
detailed study, will not affect the design of Sandalcik Reservoir and appurtenant
bower generation facilities, the definite study of reservoir works and power genera-
tion, transmission line and substation out of the First Stage Program of which
feasibilities can be substantiated in Chapter 6, is desirable to be started at once

in order to prepare for commencement of construction.

5-6-2 CONSTRUCTION COSTS
a. Dams
Estimated construction costs of Sandalcik, Giirleik, Géktas and Asmacik
Dams broken down according to major items are as follows:
Unit: 103 T.L

Item Sandalecik Girleik Goktas Asmacik Total

Land Acquisition and

Compensation 11, 900 650 1,100 200 13, 850
Diversion Tunnels

Coffer Dam and Others 5,370 905 960 3,090 10, 325
Dam 131, 630 110,700 68,880 34,500 345,710
Contingency and

Others 44,300 41,445 21,360 11,070 118,175

Sub-total 193,200 153,700 92,300 48,860 488, 060
Interest during

Construction 12,900 9,300 5,700 1,960 29, B60

Total 206, 100 163,000 98,000 50,820 517, 920

b. Power Generating Facilities

Construction costs of Sandalcik, Gurleik, Goktas and Bezkese power
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generating facilities broken down into major items are as follows: ¢ -

Sandalcik

 Unit: 103 T,L

_ltem_ Gurleik Goktas Asmacik Total
Waterways 111, 320 14,700 20,696 23,950 170, 666
Power Plant 16,290 13, 900 13, 900 2,410 46,500
Electrical Machinery

and Equipment 46,110 44,340 37,940 13,255 141, 645
Contingency and - :
Others 51,080 27,360 28,634 11,525 118,599
Sub-total 224, 800 100,300 101,170 51,140 477,410
Interest during
Construction 16,100 5,700 5,830 2,040 29, 670
Total 240,900 106,000 107,000 53,180 507,080
c. Power Transmission lines and Substations Facilities

Construction costs of transmission lines of Sandalcik, Gurieik, Gdktas

and Bezkese Power Stations and of Bezkese and Izmir Substations in the

First Stage Program and the cost of addition of substations after completion

of Girleik and Géktas Power Stations broken down by major items are as

follows:
Unit: 103 T.L

Item First-Stage Addition Total
Transmission Line 112, 500 112, 500
Bezkese Substation 35, 800 19, 600 55, 400
Izmir Substation 35, 800 19, 600 55, 400

Total 184,100 39,200 223,300
d. Flood Protection, Irrigation and Drainage Facilities

Construction costs of the flood protection, irrigation and drainage

facilities of the Dalaman Plain are as shown below,

— 232 —



Lo v Unit : 103 T, L
Item - Cost -

Flood Protection Facilities 49,200
Irrigation Facilities 62, 601
Drainage Facilities 32, 611
Land Readjustment 45, 500
Others 47, 866

Sub-total 237,778
Interest during Construction 14, 222

Total 252,000
e, Summary

Unit : 103 T. 1,

Item Cost

Dams and Power Generation 1, 025,000

Transmission Lines and Substation 223, 300
Sub-total 1,248, 300

Flood Protection, Irrigation

and Drainage Facilities Etc. 252, 000
Sub-total 252,000
Total 1,500,300

5-6-3 ANNUAL COST

Item {A) (B) Remarks
Dam ' 103 T.L. 103 T.L (A): In case of
4 power stations
Sandalcik 11,974 11,974 developed
simultancously
Gurteik 9,470 8,180
: d
Géktas 5, 694 4,461  (B): Converte
to time of
completion of
Bezkese 2,952 2,952 First Stage
_ Sub-total 30,090 27,567 D rogram

— 233 —



ltem (A) {B) Remarks

Power Generation 103T. L 103T. L
Sandalcik 17, 641 17, 641
Giirleik B, 366 7,227
Goktas : 8,176 6,406
Bezkese 3,972 3,972

Sub-total 38,155 35,246

Transmission Lines and
Substation
First Stage 17,962 17,962
Future Extension 4,381 3,576

Sub-total 22,343 21,538
Total 90, 588 84, 351

Flood Protection

Irrigation and Drainage Etc. 18,559
Sub-total 18,559
Grand Total 102,910

5-6-4 BENEFITS

Item (A) (B) Remarks

103T.L 1037, 1, {A) : In case of
4 power stations

Elecctric Power completed simul-

Sandalcik 82,783 82,783 taneously
Gurleik 42,391 34,604 (B) : Converted to
time of completion
Gdktas 28,992 20, 671 of First Stage
Program
Bezkese 8,119 8,119
Sub-total 162,285 146,177
Apgriculture
21,059
Sub-total 21,059
Total 167,236
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5-6-5 OVERALL EVALUATION

The annual cost (C) and the benefit (V} upon completion of this Program are
estimated at 102,910,000 T.L and 167,236,000 T.L respectively and the excess
benefit {V-C) and Benefit-cost ratic as calculated below are 64, 326, 000 T. L and

1. 62 respectively,
3

Anmual Cost (C) 107 T.L
Dam 27,567
Power Generation 35,246
Transmission Lines and Substations 21,538
Agriculture 18,559

Total 102,910

Benefit (V)

Electric Power 146,177
Agriculture 21,059
Total 167,236
Evaluation
Excess Benefit (V-C) 64,326
Benefit-cost Ratio (V/C) { 1.62)
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6. FEASIBILITY STUDY OF THE SANDALCIK PROJECT
(FIRST STAGE DEVELOPMENT PROJECT)






6. FEASIBILITY STUDY OF THE SANDALCIK PROJECT
(FIRST STAGE DEVELOPMENT PROJECT)

6-1 GENERAL DESCRIPTION

6-1-1 SCOPE OF THE FIRST STAGE PROJECT

The order of development of the downstream reaches of the Dalaman River
basin and the nature of the First Stage Project are as already described. The works
listed below are those which are to be promptly carried out among the various works
of the First Stage Project which hereinafter called the Sandalcik Project.

(1) Construction of the Sandalcik Dam as a source of irrigation water for

the Dalaman Plain and for the purpocse of power generation.

(2} Construction of Sandalcik Power Station

{3} Construction of Asmacik Dam for irrigation, power generation and

re-regulation of discharge from the upstream dam.

{4} Construction of Bezkese Power Station

(5} Construction of transmission line from Sandalcik through Bezkese

to Izmir.

(6) Construction of Bezkese and Izmir Sub-stations.

The results of evaluation of technical and economical feasibility of the

abovementioned Sandalcik Project are explained hereinafter.

6-1-2 POWER OUTPUT OF THE FIRST STAGE PROJECT
The power output during the period firom the operation of the Sandalcik and
Bezkese Power Stations up to the completion of the Gurleik and Goktas Power

Stations in the First Stage Project is as follows:

Item Sandalcik Power Bezkese Power Total
Station Station
Maximum Qutput
(KW) : 150, 000 11,000 161,000
Firm Qutput (KW) : 146, 000 11, 000 157, 000
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The annual energy production’ of the Sandalcik Power Sltatit‘m at the si{aéé of

completion of the above first two stations 786, 600, 000 KWh as already densclribed.
Until completion of the Gurleik and Goktas Reservoirs, the dischargc% of 1;he

river downstream of the Sandalcik Power Station will not be regulated, |
Therefore, the annual energy production of the Bezkese Power Station is ‘lsomewhat
smaller, compared to that at the stage of completion of the other three stations on
the upper stream. The monthly energy production of the Bezkese Power Stat:mn
under this condition calculated on the basis of the past 21 years run-off between
October, 1943 and September, 1964 is as shown in Tables 6-1-1 through 6-1-&3.

' The annual energy production of the Sandalcik and Bezkese Power Stations, in
the case only these two are in operation, is 867, 600, 000 KWh. The construction
costs of these two power stations at the generating end is 551,000,000 T.L and the

unit construction costs in terms of KXW and KWh are 3,422 T.L/KW and 0. 635 T.L/

KWh respectively.

Table 6-1-3 Z-Power Stations (st stage)
Average Monthly Energy Production

(10 & Kwh)
Month Sandalcik P.S. Bezkese P.S. Total )
Oct. 60.4 6.8 67.2
Nov, 60,1 1.5 67.6
Dec. 65.8 8.1 73.9
Jan. 1.4 8.1 79,5
Feb. 72.3 7.3 19.6 '
Mar. 83.1 8.0 91.1 .
Apr, 78.5 7.6 az.1
May 65.2 7.8 72,5
June 59.0 6.2 65.2
July 58.6 4,9 63.5
Aug. 57,7 4,3 62.0
Sept. 57.5 4.9 62.4
Total TB6.6 8l.0 867.6
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6-1-3 PERTINENT DATA

a. Sandalcik Reservoir and Dam
Reservoir:
Catchment Area: km2 3,970.00

Normal High Water Surface

Level : m 705. 00
Reservoir Surface Area : km? 21,20
Total Storage Volume : 106 m3 965.00
Effective Storage Volume : 106m3 665.00
Available Drawdown : 106m3 43. 00
Dam: (Main Dam) {Saddle Dam)
Type: Concrete arch Rock-fill with center

impervicus core

Crest Elevation: m 710. 00 710.00
Width of Dam Crest; m 6. 00 8. 00
Length along Dam Crest: m 384.00 760, 00
Height: m 145, 00 40. 00
Freeboard: m 3.00 3.00
Gradient of Upstream Slope: m - 1:2.5
Gradient of Downstream v

Slope: m - 1:2.0
Volume Content: m3 490, 000 720, 000

Spillway:

Design Flood Discharge: m3/s 2, 600
Design Flood Water Surface

Level: m 707.00
Elevation of Overflow m 674. 50

Crest:
Effective Overflow Width: m 30.00
Gate:

Type: Radial
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Dimensions 10.50 m x 10 m x 3 units -
Sandalcik Power Station
Intake:

Type: Submerged intake with gate controlled

from vertical shaft

Submerged Tower:

- 250 —

Top Elevation: m 664.50
Floor Elevation: m 652. 00
Maximum Capacity: m3/s 44, 30
Screen: 3.40™ x 12, 00™ x 8 units
Vertical Shaft:
Cross Section; 2.50™ x 4, 5™
Height: m 31.00
Gate: 4,50™ x 4, 50™ x 1 unit
(caterpillar gate)
Pressure Tunnel:
Type: Circular type
Cross Section; inside diameter: 4, 50™
Length: m 3, 850
Surge Tank:
Type: water chamber type
Cross Section: circular, inside diameter:
4.50M..6, 00M .13, 00T
Penstock:
Type: inclined shaft, steel lined
steel pipe
Cross Section: inside diameter:
3.,20™M ..2,70™M__), gom
Distance: m 630. 00
Line: 1 {branched into 2 lines at

lower portion)



Pbower Station:
Type:
Generator Capacity:
Number of Unit:
Turbine Capacity:
Number of Unit:

Dimension of Powerhouse

Tailrace Surge Tank:
Type:
Pimensions:

Tailrace:

Type:
Cross Section:

Length: m

Asmacik Regulating Pond and Dam

Regulating Pond:

Catchment Area:

Normal High Water Surface

Level:

Surface Area:

Total Storage Volume:

Effective Storage Volume;

Available Drawdown:
Dam:

Type:

Crest Elevation;

Width of Dam Crest:

Length along Dam Crest:
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under ground

85,000 KVA

2

78,000 KW

2

width: 16. 00m, length:67. 00™
height: 33, 00m

(inside measurements
including transformer room)

water chamber

g, 00M x 15, 0o

standard horseshoe shape

inside diameter: 4, 60 ™M

61 430
km? 4,770. 00
m 71.00
km?2 1.20
106m3 11.70
106m3 2.20
m 2.00
fill type
m 74,00
m 8.00
m 251,00



Height: m 30. 00

Freeboard: m 3.00

Gradient of Upstream Slope: 1:2.8

Gradient of Downstream Slope: 1:2,3

Volume Content: m3 420,000
Spillway:

Overflow Type:

Design Flood Discharge: m3/s 5,700. 00
Design Flood Water Level: m 71.00
Elevation of Overflow
Crest: m 60. 50
Total Length: m 102. 00
Effective Width of Overflow
Gate: m 12.00x 7 = 84
Type: Radial
Dimensions: 10.50M x, 12, 00™ x 7 units

Bezkese Power Station:

Intake:

Type: inclined

Crest Elevation: m 73.00

Floor Elevation m . 57.50
Maximum Capacity: m3/s 36.50

Gate: 4.20™ x 4 20M

Pressure Tunnel:

Type: standard horseshoe shape
Cross Section: inside diameter: 4,20™
Length: m 3,043
Surge Tank:
Type: simple surge tank
Cross Section: Circular, inside diameter:
21, 00m
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- Pensfock:
Type:

Cross S;action:
Length: m
Line;
Power Station:
Type:
Generater Capacity:
Number of Unit:
Turbine Capacity:
Number of Unit:

Dimension of Powerhouse:

exposed steel pipe
supported by ring girder.

Inside Diamater: 3,40™ . 2, 8om
61.00

1

above ground
12,000 KVA
1

11,000 KXW

1

width: 23, 00™,
height: 28. 50m

length: 20, 00™

Tailrace:
Type: open canal type
Discharge Capacity; msfs 36. 50
e. Transmission Line and Substation
Transmission Line:

Section Distance Voltage Conducler
Sandalcik-Bezkese 39 km 154 KV 240 sq. mm
Bezkese-Izmir 240 km 380 KV 410 s¢. mm

double conductor
Substation:

Liocation Voltage Capacity

Bezkese 154 KV /380 KV 200 MVA auto-transformer

Izumir 380 KV/154 KV 200 MVA auto-transformer

6-1-4 SURVEY

a. Topographic Survey:

The topographical maps used in planning of the First Stage Development

Project are those prepared by the Turkish Government Bureau of Maps and
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DSI and also those made by DSI in the latest survey (March, 1965 through

June, 1965) by actual field survey, of which the principal ones are as follows:

Area

Entire Turkey

Entire Catch-
ment Area of
Dalaman River

Area of Lower
Dalaman River

Area of Lower
Dalaman River

Vicinity of
Sandalcik Dam
Site

Supplement of
the above
Vicinity of
Asmacik Dam
Site

b. Geology

Aerial
Photographic Map

Aerial
Photographic Map

Aerial
Photographic Map

Aerial
Photographic Map

Surveying Map

Surveying Map

Surveying Map

b-1 Geological Survey:

1/800, 000

250 m Contour

1 /200, 000
50 m Contour

1/25, 000
10 m Contour

1/5, 000
2 m Contour

1/1, 000
2 m Contour

1/1, 000
2 m Contour

1/1, 000
2 m Contour

prepared by Bureau
of Maps, Turkish
Government

prepared by Bureau
of Maps, Turkish
Government

prepared by Bureau
of Maps, Turkish
Government

prepared by Bureau
of Maps, Turkish
Government
prepared by DSL

Prepared by DSI in
the latest survey

by DSI

Geological survey of the Sandalcik Dam site was commenced by DSI as

early as 1962, and the following two alternative sites, upstream and down-

stream sites, and the site for saddle dam were investigated by DSI in April,

1965.

Dam Site

Location

~

Upper Site
Lower Site

Saddle Dam

about 70 m downstream of Kapiz Bridge
about 670 m downstream of Kapiz Bridge
about 1.5 km south of confluence of

Dalarman River and Huseyin River

The survey works carried out by DSI are shown in Table 6-1-4.
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Test borings at 3 locations, SK-1 to SK-3, for the upstream site werc con-
ducted in 1962. However, the period and detailed data of this investigation
are not avaijlable. Later, in the period January, 1964 through Septemher,
1964, test borings at 3 locations, SK-4 to SK-6, for the upstream site and
at 5 locations, SK-101 to SK-105 at the site of the saddle dam were carried
out, followed by a survey for the downstream site.

As of May, 1965, 2 borings, SK-201 and SK-202, and 1 adit were com-
pleted, and boring of SK-203 was started for the downstream site,

During the course of our field investigations it was recommended that the
axis of upstream dam site be moved about 70 m downstream from the present
location and that 7 borings, SK-Bl to SK-B7, be carried out. Results of 4

borings, SK-Bl, SK-B2, SK-~-B3 and SK-B4 were received in November, 1965,

Dam Site Location

Upper Site about 140™ downstream of Kapiz Bridge
Lower Site about 670" downstream of Kapiz Bridge
Saddle Dam about 1, 55™ south of confluence of

Dalaman River and Huseyin River

Table 6-1-4
Site Boring Coordinate Elevation Length
No. {m) {mn) Period
X Y
uMP";)j:[ 32:’ SK-1 (418,773 [ 4,107,284 | 730.83 114
Ditto SK-2 |418,770 4,107,055 594.63 100,2
Blita SK-3 | 418,877 4,106, 980 §175.68 121
Ditto SK-4 {418,495 4,106, 940 704.53 120 Jan. 20, ‘64 - Mar, 22, "64
Ditto SK-5 [418,685 4,107,075 642,55 100 Jan. 23, '64 - Mar, 18, '64
Diuto SK-6 |[418,643 4,107,007 673.68 100 Mar. 21, B4 - Apr. 22, 64
Do §K-B1 | 418,580 4,107,170 680 115.2 Aug. 6, '64 - Aug, 28, "G4
Ditto SK-B2 | 418,580 4,107,010 665 115 Jul, 25, "65 - Aug. 28, "85
Ditte SK-B2 | 418,520 4,107,170 670 115.2 | Scp. 4, 68
Ditto SK-B4 | 418,580 4,106,915 720 65 Sept. 9, '65
Lower Site 5K-201) 418,125 4,106, 910 712. 53 134,43 | Feb. 'G5 - Apr. "85
Ditto SK-202| 418,105 4,106,995 719.85 105 Feb, '65 = May '65
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Lower Site Adit Nol | 418,125 4,107,035 691 200
Saddle Dam .
site SK-101 419, 580 4,108,120 700 80.2 July 13, '64 - Aug. 20, '64
Ditto SK-102 | 419,630 4,105,740 700 ] 83 May 30, "64 - June 18, "64
Ditto SK-103 | 419,720 4,105,650 668 : 14 June 2, '64 - June 26, '64
Do SK-104 | 414,780 4,108, 420 706 ) 70 June 24, '64 - July 6, "64
Ditto SK-105 | 420,000 4,105,240 730 ) 100.34 July 2, "64 - July 17, ‘64

Note :  * means both coordinate and elevation are not from field levelling survey

Elevations are froin readings of altitude meter,

The surveys for the site of the Asmacik Dam were conducted during the
period between September 2, 1963 to November 23,1963, and 3 borings as
shown in Tabie 6-1-5 below were carried out in addition to preparation of a

geological map to a scale of 1/1000.

Table 6-1-5

Boring Co-ordinate Ele vation Length Period i
See No. X Y (m) (m)
River bed
{Right bank} | SK-1 1,558 1,500 49,60 63,63 Oct. 5, '63 - Nov. 14, '63
River bed
(Left bank) SK-2 1,480 1,410 50.68 68.87 Oct. 8, '63 - Nov, 23, '63
Left bank SK-3 1,500 1,110 58.11 36.80 Sep, 12, 63 - Sep. 9, '63

b-2 Sandalcik Dam and Power Station:

Upstream Site:

General

The geology at the upper dam site as described in 4-2-2 consists of
limestone, calcareous schist and peridotite and the mountain-side is partially
covered with a talus deposit. In addition, on the right side bank about 200™m

:

downstream of this site a landslide about 150™ wide may be observed between
clevation of about 615™ up to 690™.

Foundation Rock

Limestone comprising the greater portion of the foundation rock is
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‘r;mlssive limestone, but bedded limestone lenses are distributed below eleva-
ti;)ns of about 590™ to 600™ on both banks. Bedding of bedded limestone runs
almost parallel with the river and dips to the north. Further, ac-cording to
the result of the SK-—IPZ boring, the bed rock near the boundary between massive
limestone and bedded limestone has many cracks, but no fault is observed.

Both massive limestone and bedded limestone at this site are white or
gray in color, and hard and compact, but have markedly developed irregular
cracks. The cracked surfaces of limestone are generally discolored brown,
while some cracks hold clay or are open. The width of such openings is
usually less than 0.5°™, However, where there are dissolved portions along
the surface, the width ranges from 1™ to 3 “™, Further, according to the
results of SK-5 and SK-6, open cracks about 26%™ wide were observed at
depths of about 57 and about 11. 20™M, These cracks are fairly large for open
cracks at this site, The pressure test of 3K-5 conducted at depths betwcen
56M and 58™ rocorded 736 liter/2m of leakage for the initial 10 minutes and
436 1iter/2m/1.0mm' for the succeeding 30 minutes, under 8 kg/cmz.

Calcareous schist exists interspersed between limestone at elevations
of about 640™ up to 670™ on the right bank and at elevations of about 680™
up to 700™ on the left hank. As most of the outcrops are extremely weathered
and are flaky and muddy, the details of strike and dip and character of rock
are unknown, However, it can be assumed from the boring results that this
schist dips with a gradient of 15° to 20° either to north or south.

At depths between 5™ and 15™ from Ehe ground surface there is cal-
careous schist mostly flaky, and it can be assumed that cracks are closely
developed to a considerable depth.

Peridotite covers limestone from elevations of about 690™ up to 700™
or above on the right bank. The boundary between peridotite and limestone
lies on a moderate slope of 15° to 20°, and some peridotite at the contact ap-

pears like cemented breccia. This rock is brown on the ground surface and
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dark green deep underground. Irregular cracks are developed in the peridotite,

5™ to 10°™ apart, and on the whole marked serpentinization may be Pbserved.
Faults: ‘
Faults existing between the upstream and downstream dam s?tes have
been confirmed and are identified as Fl through F$ as shown in Drawing‘.No. 5.
A peneral descriplion of those existing near the upstream dam site are given
below.
F7 Fault:

This fault exists on the left bank at about 170™ to 200™ downstream
of the dam site. This fault is exposed only on a cliffs, which is inac-
cessible. The foothill is covered with talus deposits and it was impos-
sible to investigate the fault. However, from remote observations the
fault dips towards the downstream with a sheared zone 1M to 1.5 in
width, and it can be assumed that this probably connects with F9 Fault on
the right bank.

F8 Fault:

This exists on the opposite side of F7, and an outerop is observable
at around elevations of 640 ™ to 690 ™, but below this, this fault cannot
be seen due to a landslide. Above around El. 690 ™ this fault con‘nects
with F9 Fault. The strike and dip of this fault are N45°E, 70° NW and
the shearcd zone is about 5 ™ wide.

F9 Fault:

This also exists on the opposite side of F7 and connects with F8
Fault to make a V-shape near El. 690 M Qutcrops cannot be seen
below El. 620 ™ ag the fault is covered with talus deposit. However,
this presumably connects with F7 Fault. The strike anci dip of this
fault is N20°E 80° NW and the width of the sheared zone is about 2 m,
The bed rock with a width of about 10 m e 30™M, lying byetween this fault

and F8 Fault, is considerably sheared. Outcrops are not clearly dis-
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. - tinguishable at above El. 690 ™ where these two faults join together.
" ‘Since all of these faults F7, F8 and F9 exist 50 to 200™ away from
the dam site, none has any direct effect upon the dam.

Downstream Site:

General:

The geology at the dam site consists of limestone and calcareous schist,
A talus deposit is distributed both on the upstream and downstream site of
the saddle on the left bank, and its thickness is 1 ™ to 3 ™. There is no gravel
deposit on the river bed, and bed rock is exposed.

Foundation Rock:

A substantial portion of the foundation rock is massive limestone.
According to the survey results obtained at the adit excavated at about El.
691™ on the left side bank, limestone at this site is gray, dark gray or red-
dish brown in color, and extremely hard and dense. Calcite veins are well
developed in general. Judging from the conditions of the outcrops, although
surveys have not yet been conducted, the right side bank can be assumed to
be of the same limestone as the left bank.

Cracks in the limestone here are relatively fewer than at the upstream
dam site in peneral, and those observable in the adit are mostly tight, but
some are open. Most of the open cracks have been dissolved at the cracked
surfaces, and the crack openings are normally less than 2™ but lens-shaped

solution holes with maximum width of 8™ are observable on the left wall about

20" from the entrance of the adit. According to the results of the SK.201
boring drilled through the sheared zone, numerous cracks are found due to
the effects of fault movement down to a depth of 30™, but from the results of
the SK-202 boring which is distant from fault, limestone is generally dense
except for some partial cracks. No wide open cracks as observed at borings
SK-5 and SK-6 can be observed at this site.

Calcareous schist is observable in the area of 95™ to 120" from the
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adit entrance. This schist is not exposed as it is covered with talus deposit,

but it can be assumed it is distributed at the saddle. Schist in the adit is gray,
fresh and dense, but hard and soft portion appear alternately because of shear
effects in general.

Faults:

The principal faults confirmed at this dam site are Fl through Fé Fault,
all existing on the left bank, and a general description of these faults are
given below.

F1 Fault:

This fault was found at the area up to 18™ from the adit entrance.
The strike and dip is N-S, 40°E, and the fault breccia is about 15¢™
wide, but it is well compacted,

FZ Fault:

This fault exists at a distance of about 86™ from the adit entrance and
its strike and dip is EW 50°5, but it is not accompanied by any breccia
or sheared zones.

F3, ¥4 and F5 Fault:

F3, F4 and F5 Faults exist at distances of 94™, 114™ and 160™
from the adit entrance respectively and the strikes and dips of these are
N 40°E 50 70 °SE, N60°E 80°SE and N 40°E 60°SE respectively. The
sheared zone is 66™ wide from the F3 to F5 Faults, and 17™ from F3
to ¥4 Faults there are alternations of hard schist and fault clay. The
distance of 48™ from F4 to F5 Faults is almost completely sheared zone,
and scattered blocks of limestone are in soft wet clay,

These faults are the largest in scale among those found at both the
upstream and downstream dam sites, but they may have faded away, as
no outcrops can be found at upstream clifisides although judging from
their strikes and dips it would appear they would be exposed. However,

as it is an obvious fact that these faults exist in the reservoir area, and
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" thére is‘dé.i'iger of leakage through the sheared zones.

F6 Fault: -

This fault is located at'a distance of 188™ from the adit entrance,
but the width of the sheared zone is not measurable as the adit is blocked
by fault ctay which have collapsed from the ceiling of the adit. The
strike and dip is N60°E 80°SE. Though this fault does not directly have
any effect upen the foundation of the dam, danger of leakage from the
reservoir is highly probable.

Apart from the above faults existing around the upstream and downstream
dam sites, it is conceivable that there is a fault connecting with limestone at
the entrance of the valley. The magnitude and the strike and dip of this fault

)
are as yet unknown, but this is assumed to be a sizable fault, in view of the
fact that calcarious schist and serpentinite adjoining limestone are found
crushed and limestone blocks are scattered in the sheared zone.
Permeability of Foundation Rock and Ground Water Surface:

Permeability of the foundation rock of the upstream and downstream dam
sites was examined {rom data of pressure tests conducted at a total of 9 borings,
SK-4 through SK-6, SK-201 to SK-202 and SK-Bl through SK-B4.

In the presure tests, pressure of 2, 4, 6, 8 and 10 kg/cm2 were applied
every 10 minutes at every 2™ of depth and the leakage at each section was
measured, Permeability was examined by the Lugeon's values (i1 /min. /m/

10 kg/cm?‘) of every 2™ qof depth. Examinations of permeability for thc sec-
tion near the ground surface where packer was not perfect and for the sections
where leakage was extremely large were not made.

In calculation of the Lugeon's values the following points were taken into
consideration.

i) As the pressure applied to each section of test was measured at the
top of bore holes, a value equivalent to the head between the hole top

and the measured section was added to the measured pressure.
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ii) TFor the sections where test results were obtainable of test pressure
s .

less than 10kg/cm? Lugeon's value was assumed as follows:
For the section where three kinds of measured results were obtain-
able leakage at 10 kgicmz was assumed from a graph which was
drawn based on the results to express pressure-leakage relationship.
For other sections for which test results were available only for one
or two kinds of pressure Lugeon's value was assumed to have a magni-
tude ten times the probable leakage at unit pressure (kg/cm?2) which was
calculated from the measured leakage under the largest pressure
applied.

Result of Examination:

1} The breakdown of Lugeon's values obtained from 397 sections in total

measured at the upstream and downstream dam sites is as follows:

Lugeon's Value Permeability Ratio {%)
Over 50 very high leakage 16
20-50 high leakage 36
5-20 moderate leakage 19
0-5 low leakage 29

These values separated into the upstream and downstream dam sites are as

follows:
2) Breakdown of Lugeon's Values of 302 Test Sections at Upstream Dam
Site:
Lugeon's Value Ratio {%)
over 50 19
20 - 50 39
5-20 20
0- 5 22
3) Breakdown of Lugeon's Values of 95 Test Sections at Downstream Dam
Site:
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Lugeon's Value Ratio (%)

‘over 50 11
20 - 50 25
5. 20 14
0- 5 50
4) The Lugeon's values for every 10™ of depth obtained from the above

data are as plotted in Fig. 6-1-4,

As a conclusion of the foregoing analysis the foundation rock at the
upstream and downstream dam sites are in general of high permeability, the
condition being as per Fig, 6-1-4, and there seems to be no remarkable
correlation between depths and Lugeon's values.

Generally speaking, the foundation rock of the upstream site has greater
permeability than that of the downstream site,

Ground Water Surface:

S5K-5 and SK-6 are inclined borings, and of the other 7 vertical borings
only the ground water surface of SK-4 has been determined. The ground water
surface of SK-4 is recorded at the depth of 119,20™ (at El. 585.80™). ‘This
location is very close to the elevation of the river-surface, and therecfore, a
survey to explore the relation between the ground water surface confirmed in
SK-4 and the water surface of the river is necessary, It will also be necessary
to re-check ground water surfaces of other boring holes wherever possible.
Conclusion:

Judging from the abovementioned data and information, the geology of the
Sandalcik Dam can be summarized as follows:

1) The foundation rock of the upstream dam site consists of massive
limestone, bedded limestone, calcareous schist and peridotite, and the down-
stream site of massive limestone. The downstream site is superior from the

standpoint of uniformity of foundation rock.

2) None of the faults has anything direcctly to do with the foundation of dams,
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bank on the downstream site. However, the extent of these faults in both up-
stream and downstream directions have not been extensively surveyed and
confirmed, The treatment of these faults should be considered after further
detailed investigations of the extent and scale have been completed, but judg-
ing only from the results of the present adit.and the SK-201 boring, construc-
tion of concrete water-stops and thorough grouting thereafter would appear to
be adequate as the treatment.

. 3} Irregular cracks are developed in the foundation rock at both upstream
and downstream sites, but with adequate grouting the foundation rock is judged
to have enough bearing capacity for an arch dam.

4) Permeability of the foundation rock at both sites is relatively high, but
construction of a curtain wall is judged to be possible through sufficient grout-
ing.

. 5) Judging from the topography, the downstream dam site is superior as a
site for an arch dam in comparison with the upstream site. However, due to
the fact that investigation of the fault at the saddle on the left bank is inadequate
and the foundation on the right bank is not yet completed it appears to be pre-
mature to make any decision on selection of the dam sites from the geological
point of view. Future investigations should be made for both upstream and
downstream dam sites, and the final decision should be made only after these
investigations have been completed.

Geology of the Sandalcik Waterway and Intake Structures Sites

Intake:

The intake will be located on the left bank at about 300™ upstream from
the upper dam site. The foundation rock consists of peridotite, but there is an
outcrop of limestone at an elevation of about 660™, Peridotite,5™ to 10™

from the ground surface is weathered and has numerous cracks, but in deeper

sections fresh and dense rock is expected. Limestone is in the form of
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xenoliths and the exact sizes are as yet unknown. Future survey of sizes and
boundary conditions between peridotite is essential,
Headrace Tunnel:

The headrace tunnel will pass underneath the mountain range stretching
from the left bank of the dam site in direction S30°W. The total length will be
approximately 3,900™. The tunnel will be a pressure type, with cross section
of 4.5™, excavated between El, 640™ and 635™ and the maximum thickness
of overburden above the tunnel section is 250™,

The geology of the tunnel section is comprised of peridotite and limestone.
Peridotite lies at sections about 3. 3km from the intake and about 400™ from
the surge tank. In between these two sections of peridotite there is a huge
xenolith of limestone,

Serpentinization of peridotite is presumably at a well advanced stage.
Although our investigation was very brief, change of rock character of per-
idotite and serpentinite in the area appears to be marked, and in addition,
since excavation of a long tunnel through a serpentinite zone usually is accom-
panied by a great deal of technical difficulties, an extensive additional survey
is therefore indispensable. Further, it is advisable that concreting should be
done as soon as possible after excavation even through the peridotite in this
areca.

Limestone is gray or dark gray in color and very hard, As the limestone
is massive, its distribution has not been confirmed. Therefore, the scale
and the condition of the boundary with peridotite should be subject to future
investigation,

Surge Tank:

The surge tank site lies almost on the boundary between peridotite and
limestone, The boundary conditions between the two rocks are not known in
detail, but the bedrock underneath the tank is assumed to be peridotite.

Penstock and Power Plant:
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The length of the penstock is about 632Mm extending from an elevation of
about 635™ to 269™, and the power plant located at an elevation of about 268™
is to be an underground type with dimensions of about 35™ in height, about 42m
in length and about 16™ in width.

According to our survey, the bedrock around these structures is assurmed
to be limestone. However, in view of the fact that limestone in this district
frequently formed huge xenoliths, investigation by boring is necessary to con-
firm whether limestone extends to the site of the power plant located about
130™ below the present river bed.

Exposed limestone is gray or dark gray and very hard, but development
of joints is marked. The strike and dip of main joints are N-S 80°-90°W,
N60°E 60°-80°SE. The joints are open about 10%™ at elevations of about 550,

Geological surveys at the sites of the headrace tunnel, penstock and power
plant have not been thoroughly carried out., Therefore, further detailed
geological survey including seismic prospecting, borings and adits is necessary
for determination of the distribution of faults in the section where the tunnel
will be excavated, relationship between peridotite and limestone, and the
magnitude and rock character of limestone formations at the sites of penstock
and power plant.

Tailrace:

The tailrace with cross section of 4. 6™ is 6,430™ long afnd its outlet
elevation is 266™, The geology of the tailrace section near the power plant
consists of limestone, but across the Dalaman River peridotite stretches down
to the point wher.e the tailrace bay is located. Serpentinization and weathering
of peridotite here are marked and landslides and landcreeps arc observed here
and there along the Dalaman River.

At the point where the tailrace crosses the Dalaman River there exists
a fault which forms a boundary between limestone and serpentinite. The strike

and dip and width of the sheared zone of this fault have not yet been confirmed,
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but it is assumed to be a fairly sizable fault judging from the extgng%on of
fault assumable from the topography. Further investigation of this fault is
essential, ®

b-3 Saddle Dam Site:

General:

The geology of the dam site consists of marl, conglomerate, mudstone
and chalk as stated in 4-2-2 and are divided into upper, middle and lower
formations. A surface deposit is distributed thinly on a part of the right bank
only, and on most of the ground surface there is exposed flaky weathered marl.
Foundation Rock:

The foundation rock of the dam is mostly mar]l of the upper formation,
and conglomerate belonging to the middle formation is assumed to be exposed
around the SK~102 boring depending upon the depth of foundation excavations.

Marl of the upper formation is weathered and weak to as far as 5 m to
10 m from the ground surface, but it is hard and compact in deeper sections.
However, as will be described, the permeability is the largest among the rocks
at this site. Irregular cracks are developed in marl, but they are all thin
cracks and are not open.

Conglomerate of the middle formation is not cemented, but it is well
compacted,

Fault:

No f:;ult has been confirmed except for some slickenside found in the
SK-103 boring. Topographically, however, there are some places which may
be assumed to be fault gullies,

Permeability and Ground Water!

Pressure tests at the site of the saddle dam were conducted for 5 bor-

ings, SK-101, through SK-105. The same testing procedures as for the main

dam were followed. Further, rocks at this site are not cemented except for

marl, and in view of the thick distribution of conglomerate, chalk and mud-
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" stone relatively similar to gravel or mud, the permeability of bed rock was
expressed in coefficient of permeability in addition to which Lugeon's values
have been provided. The results of examination are as follows:

1) P.errneability of Each Formation:

Formation Lugeon's Value Coefficient of
(1/min. /m/10kg/em?) Permeability{em /s)

Marl

{Upper Formation) 58 «=- 0 1.1x10"3 _ 9,6 x 10°5
Conglomerate

{Middle Formation) 22 === 0.9 3x10°%_1x10°5
Chalk

{Middle Formation) 6d -== 0 7.4x10°% - 6x 10-5
Mudstone

{Middle Formation) 35 —mn 1.4 4.3 x10°% _ | x 10-5
Conglomerate 4

(Lower Formation) 36 --- 0.7 6.2 x10°% - 3.5 x 10°6

Judging from the above results, permeability of the bed rock of this
site can be termed as being low permeability or very low permecability, al-
though there are found some partially high Lugeon's values.

2) According to the examination of results obtained from 72 points taken
in the sections of test where 10K8/em? o pressure at the top of borechole was
applied in the pressure test, there is a limit pressure beyond which leakage
sharply increases. The relation between this limit pressure(P1} and the

depth is as follows:

Depth (m) Pressure Pl (kg!cm‘?')
0-35 4 -10
35 -~ 65 8§ -14

65 and up 11 - 15

In reviewing the relation between this pressure and geology, leakage
sharply increases at pressures of 4 to 10 kg/cm? in marl, and 8 to 14 kg/em?2
in conglomerate and mudstone, This implies that small cracks are probably

opened by these pressures.

3) Apart from permeability, physical and chemical properties and dis-
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tribution of chalk which lies in between the middle formation should be examined
accurately as it is seems to easily dissoclve in water.

The ground water is as follows:

Boring No, Depth of Ground Water Elevation of Ground
in Borehole (m) Water {m)}
SK-101 52.0 648.0
SK-102 39.6  660.4
SK-103 31.0 639.0
SK-104 47,85 657,15
SK-105 35,0 695.0

The ground water surface made by plotting the water level in boreholes
is almost consistent with the topography of the ground surface.
Conclusion:

Judging from the solid state of the geology at the site of saddle dam and
physical and chemical properties of rocks, it is deemed unsuitable as a found-
ation for a concrete dam, but it is considered to be adequate as a site for a
rock-fill dam. However, as there is fear of leakage, further elaborate investi-
gation will be necessary. Especially, concern is entertained as to the effect
of grouting the uncemented conglomerate, mudstone and chalk, and grouting
tests for confirmation of the effect are necessary. Further, it is of signi-
ficance to check the discharge of the swamp running downstream of the dam
site for a long period of time in order to estimate the leakage after storage of
water,

b-4 Asmacik Dam and Bezkese Power Station:
Dam Site:

The foundation of the dam consists entirely of dunite. While there is
little talus deposit, river deposits are as thick as 52. 69™M to 591 according
to the boring results. Almost all of the deposit consists of silt, sand and

gravel, but consolidated conglomerate was observed in a part of SK-1. The

size of gravel is usually smaller than 5 to 10°™  pbut the largest particles are
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about 20°™,
Permeability of deposit was tested using the boreholes and the results

are as follows:

Boring No. Depth (m) Coefficient of Permeability{cm/s)
(min) (max)
SK-1 1.50 - 9,00 1.86 x 10-1 1.89 x 10-1
9.00 - 15.00 1.92 x 10-3 1.13 x 10-3
15.00 - 21,00 2.23x10°3 7.41 x 10-4
*21.00 - 31.50 14 3
31,50 - 45, 00 2.38 x 10-1 1,83 x 107!
45,00 - 63. 63 4 1
SK-2 1.50 - 7.50 2.09 x 103 7.24 x 1074
7.50 - 18, 00 9.21 x 10-2 8.83 x 102
18.00 - 45. 00 9.45 x 1072 9.16 x 10-2
45,00 - 58,50 9.24 x 1072 7.47 % 10-%

Note : % indicate Lugeon's Value

Foundation Rock:

The dunite 3™ from the ground surface, is weathered and is brown or
tinged with green, but in deeper sections it is blackish green and hard,
Little serpentinization was observed in a microscopic analysis.

There are many cracks and joints, and cracks are developed irregular-
ly. The joints are mostly in the direction of NS 80° E or W, N40°E 15°-20°SE,
and N50°W 30°SW. There are two faults in the saddle of the left bank. Fl
fault crossing the narrowest part of the saddle is accompanied by a sheared
zone of about 3™ and its strike and dip are in the direction of N80°E 60°NE.
F2 Fault almost parallel with the saddle has a sheared zone of about 20¢cm
and its strike and dip are N20°W 50°NE. These two faults were confirmed

in the SK-3 boring, and their permeabilities are about 13 by Lugeon's value.
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Pressure tests were carried out at three borings to examine the permeability
of bed rock. The results of which were 1 to 8 in the Lugeon's value for rocks
of river bed and 2,5 to 6.5 in the section near the fault on the left bank so
that permeability is not remarked.

Bezkese Power Station and Headrace Tunnel:

The geology of the section between the intake and the power station con-
sists entirely of dunite as described in 4-2-2. Dunite outcrops near the power
station showed considerable serpentinization under microscopic examination,
It is considered this condition exists throughout the tunnel section and the
entire power station areca.

As detailed surveys have not been conducted, the location of faults and
their size, ete. are unknown, but they are assumed to be large in number,
judging from the topography of the vicinity.

c. Material Survey

The survey for construction materials of the Sandalcik dnd Asmacik
Dams has been conducted in the past by DSI and tests were made of materials
from test pits 21 and 12 in the Sandalcik and Asmacik districts.

In our survey 46 pits in the Sandalcik district and 29 in the Asmacik
district were additionally tested.

The results of survey are summarized as follows:

1} Distribution of Materials:

Sandalcik District:

Areca A:

Location: about 3,5%M to northwest along the main road
from the saddle dam site., Road conditions to
this area from the dam site are good.

Materials taken: non-permcable materials

Number of Test Pets: 13

Estimated available quantity: 700, 000m3
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" Area-B:

Location:

river bed at both banks about 2, 5KM upstream
along the Huseyin River from the junction of

the Dalaman and Huseyin Rivers. About 1. skm
from the dam site along the main road, but there

is no bridge over the Huseyin River.

Materials taken: semi-permeable and permeable materials

Number of Test Pits: 41

Estimated available

quantity;

Area C:

Liocation:

semi-permeable materials 500,000 m3

permeable materials 1.500, 000 m3

river terrace along the right bank of the Huseyin

5km north of the dam site.

River, about 3 to 3.
The road {rom the dam site to the Huseyin River

is good, but a means of crossing the river is

necessary.

Materials taken: semi-permeable and permecable materials

Number of Test Pits: 8

Estimated available

quantity:

Area D:

L,ocation:

semi-permeable materials 500, 000 m?

permeable materials 3, 000, 000 m3

river terrace along the right bank of the Huseyin
River, near the junction with the Dalaman River

and about 1. 0KM downstream of Arca C.

Materials taken: non-permeable materials

Number of Test Pits: 5

E stimated available

quantity:

100, 000 m3
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Excavated material of the main dam are to be used as rock materials
but in case of shortage of quantity the filter zone where natural river depbsit
sand and gravel are to be used will be enlarged to make up the shortage of
rocks., Aggregates for concrete are sufficiently available from natural de-

posits of the Huseyin River.

Area Non-permeable Semi-permeable Permeable Agpgregates
Area A 700, 000 Natural deposit
Area B 500, 000 m3 1,500,000 m3 ©f Huseyin River
Area C ) 500, 000 3,000, 000

Area D . 100,000

Total 800,000 1, 000, 000 4, 500, 000 7,000, 000

According to the proposed plan the required amount of each type of
material for the saddle dam is as follows and is available in sufficient quant-

ity in the area.

Core Material: 110, 000 m>
Filter Material: 62,000 m3
Rock Material: 540, 000 m3

Asmacik District:
Area A:
Location: terrace stretched on the right bank about 600 m
downstream of the dam site and the area along the
Dalaman River
Materials taken: The previous DSI survey reported non-permeable
material to be available, but in the recent survey
it is reported that the material is gravel aggregate
instead of non-permeable material,
Number of Test Pits: 25

Estimated available

quantity:
previous survey---non-permeable material 7, 000, O(J()m3
recent survey --- gravel aggregate 5, 000, 000m3
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Ares By
‘Location: ‘innér area of the terrace of right bank of Area A
Materials taken: semi-permeable material and aggregate
Number of Test Pigt: 16

Estimated available quantity: semi-permeable material--previous

survey: 500, 000 m3
recent survey: 1, 000, 000 m3
aggregate -=----cac---- previous survey: 6,000, 000 m>
recent survey: 5, 000, 000 m3

it will be noted that the resuits of the previous and recent surveys in
both areas differ and above all the recent survey reports no distribution of
non-permeable material in the two areas, whereas in the previous survey
the test results of Pit Nos. 203, 204 and 207 were reported as non-permeable,

Further detailed examination will be necessary for non-permeable material.

Area Non-permeable Semi-permeable Gravel Aggregate
Area A %7,000,000 m3 5,000, 000 m3
Area B 1,000, 0600 m3 500, 000 m3
Total 7,000, 000 m3 1,000, 000 m? 5,500, 000 m3

Note: * previous survey, other values from the recent survey

The required amount of each material for the Asmacik Dam is as

follows:
Core Material: 78,000 m3
Filter Material; 26, 000 m3
Gravel: 314, 000 m>

2) Property of Materials:
Sandalcik District:

Soil tests of the Sandaleik district were conducted of 3 pits in Area
A and 1 pit in Area B with respect to i) specific gravity, ii}) compaction,

iii) Atterberg's limit, iv) permeability test and v) triaxial compression
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test. The results of these tests are shown in Drawing-13 and the ma-
terials c¢an be penerally judged to be usable as core material, as the
specific gravity is 2. 7 t/m3, M.D.D. (maximum dry density) 1.4 to
1.7 t/m3, O.M.C. (optinum moisture content) 17 to 30%, coeificient of
permeability 2.4 x 1078 to 6.55 x 1078 cm/s and the results of triaxial
compressiontest ¢ = 29to 35°, C=0.8t0 1.3 kg/cm2. Excavated rock
of the main dam are to be used as rock materials. Specific gravity and
waler absorption of limestone here were 2.7 to 3 gfcm3 and 0. 2%
respectively. |

Aggregate for concrete is to be taken from natural deposits of the
Dalaman and Huseyin Rivers and the test results are as sht;wn in Draw-
ing - 13
Asmacik District
Soil test of the Asmacik district were conducted of 4 pits in area A and
11 Pits in Area B with respect to i) Specific gravity, ii} Compaction,
i1i) Atterberg's limit, iv} Permealility test and v) Triaxial compression
test, The results of these tests are shown in Drawing-17 and materials
can be generally jﬁdged, as the specific gravity to 2.7 t/m3, maximum
dry density 1.6 - 1.7 t/m3, optimum moi-s:cure content 18-20 %,
Coefficient of permeability 2. 4 x 10-6 - 1.6 x 1078 cm/s and results of
triaxial compression test ¢ = 23 - 25°, C=0.7to0 1.0 kglcmz.
The type of main dam is a gravel fill type, using material of gravel of

river deposit instead of rock material.

The result of these tests are as shown in Drawing - 17,
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6-2.

6-2-

e

PRELIMINARY DESIGN
1, SANDALCIK DAM AND POWER STATION

a. Dams
a-1 Selection of Main Dam Site:

Two locations, the upper about 140 m and the lower 670 m below the
Kapiz Bridge were selected as alternative sites for the Main Sandalcik Dam.
Topographihal, geological and material surveys of these sites have been con-
ducted by DSI since 1962 as described in 6-1-3,

Topographically, the width of the valley at the upstream site is about
350 m at the dam crest against a dam eight of about 145 m and the ratio is
about 1: 2. 4.

The valley of the downstream site is very narrow being about 110 m at
the dam crest against a dam height of 150 m and the ratio is about 1 : 0. 75,

On the other hand, geologically speaking, the upstream site consists
mainly of massive limestone belonging to the Mesozoic Cretaceous period, and
development of irregular cracks can be seen, but it is hard bed rock.

No significant fault is found around the dam site.

The geology of the downstream site is massive limestone of good quality
having less cracks compared to the upstream site, However, there is a saddle
section at about 80 m from the abutment of the dam on the left bank where a
large fault exists. The direction and size of which is unknown since no boring
has been performed there.

In the comparison between the upstream and downstream sites the lat-
ter is obviously better topographically than the former as described above,
but has the disadvantape of the geclogical conditions being unconfirmed. As
a conclusion of our survey, the upstream site having no major defect
geologically, was tentatively selected as the site of the main dam in planning

of the Project, but the final decision in selection of the dam site should be
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made after further detailed investigation is carried out of the downstream site.

In consideration of foregoing, this report will be devoted to a develop-
ment plan of the upstream site. However, the result of studies of the down-
stream site will be mentioned as a guide for future survey.
a-Z2 Main Dam:

Type: The dam site is about 40 m wide at the river bed, and about

350 m wide at the dam crest at an elevation of 710 m, Both banks form

steep narrow cliffs from the river bed up to about E1. 640 m above

which they flatten out into comparatively gentle slopes. The begd rock,
as already described, consists of massive limestone which although
having irregular cracks is relatively good rock in general permitting
any type of dam to be built upon it.

According to the results of material tests, in case a concrete dam is
built, sufficient quantity of aggregates for the dam can be easily cbtained from
river deposits 1 to 4 km upstream of the Kapiz Bridge.

In the event a rock-fill dam is adopted, filter materials and earth mate-
rials can be easily obtained from the right bank 1 to 2 km upstream of Kapiz
Bridge, but rock material which is limestone must be quarried from a site on
the left bank about 5 km upstream of the proposed dam site,

In consideration of the abovementioned topography, and results of geolo-
pical and material surveys and flood discharge, either a concrete arch dam
or a rock-fill dam can be built at this site. As a result of comparative studies
between these two types, the former was evidently more economical and so a
concrete arch dam was adopted for this site.

Shape of Dam:

‘The shape of the dam will be of double curvature so as to distribute
stresses over the whole structure in view of the topographical conditions of
the valley. The horizontal arch will be of three center, variable thickness

and the ratio between thickness of crown and abutments will be about 1 : 1, 3,
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By increasing the thickness of abutments it would serve to reduce stresses
transmitted to the foundation rock and increase the stabilifty of the abutments.

The radius of the upstream face at the dam crest will be about 200 m and
the thickness 6 m. The freeboard from high water level of the reservoir is 3 m
in consideration of wave height due to wind and earthquake. The cross-section
of the crown slightly overhangs in the downstream direction and the basc is to
be 22 m in thickness. A pgallery is to be constructed at the foundation of the
dam and high pressure grouting will be executed from it to construct a water
blanket, This can be used as an inspection gallery after completion of the
works.

Spillway:

As already mentioned, the design flood discharge of the spillway is
Z, 600 m>/s. The overflow will be free-falling from the dam crest and three
sets of radial gates, 10,50 x 10.00 m, will be installed. Since the width of
the river bed at this site is narrow, free fall of water over a great width from
the dam crest could damage the foundation rock of the dam, and therefore,
the effective overflow width will be 30 m as already described and a relatively
deep nappe will be made to fall freely. Also, a sub-dam 20 m high will be
constructed at a location 105 m downstream of the main dam to raise the
downstream water level in order to provide an adequate stilling basin. The
bed rock at the bottom of the basin will be protected with a concrete mat of
about 2 m thick, Prior to final design the depth of the basin should be studied
by hydraulic model experiments,

Outlet:

An outlet with inside diameter of 2. 75 m will be constructed in the body
of t;he dam to order to lower the water level of the reservoir during periods of
repair or inspection of intake,

Diversion Tunnel and Coffer Dam:

The design discharge of the temporary diversion waterway during con-

— 279



struction works is 440 m3/s. This structure will be a tunnel in the left bz'zn'k
in consideration of topography and geology at the location. In order to increase
the discharge, the tunnel will be concrete-lined throughout with an inside dia-
meter of 6 m, total length of 440 m, and a gradient of 1:50. The upstream
primary coffer dam will be an earth-fill structure and the secondary coffer
dam a concrete arch structure 15 m high with the crest elevation at 585 m.

The downstream coffer dam will be the permanent sub-dam.

a-3 Saddle Dam: ;

The saddle dam is te be built on the saddle located on the left bank about
1.5 km from the main dam. The topography of the site is a valley 760 m wide
at the dam crest and the height of dam will be 40 m, so that the saddle is very
long. Geologically, the foundation of the dam consists of marl, chalk, con-
glomerate and mudstone.

As the type of dam for this site a center impervious core type rock-fill
structure was considered in view of minimizing the load to be’sustained by the
foundation and to prevent irregular settler;mnt. Earth and filter materials
are readily available at a site 3 km upstream from Kapiz Bridge, and rock
materials will be excavated rocks from both abutments of the main dam site.

The upstream slope are to be 1: 2.5, 1: 0.5 and 1: 0. 4 for rock, filter
and core respectively, and the downstream slope 1: 2,01: 0,5 and 1; 0.4 for
rock, filter and core respectively.

The width of the dam crest will be 8 m and a freeboard of 3 m above
normal water level will be provided in consideration of waves due to wind
and ecarthquake.

The weathercd surface material of the core foundation zone will be
excavated to less weathered strata and curtain grouting will be carefully per-
formed prior to embankment of earth.

a-4 Alternative Main Dam Site:

As an alternative site for the main dam a location about 530 m down-
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stream from the proposed main dam site is considered.

The topographical and geological conditions of this site are as already
described. The layout of the dam which can be assumed from the present
stage of investigations is explained hereinafter. Topographically, as already
described, the valley is V-shaped and very narrow, and geologically, the
bedrock of the dam foundation, except for the fault in the saddle of the left
bank, consists of good solid limestone with little cracks.

A slender concrete arch dam can be considered for this site, assuming
that the mass rock with little cracks in between the left bank fault and abutments
can safely support the arch thrust. However, in case an arch type is found
unsuitable after further investigation, a conerete gravity type dam should be
considered.

As to the treatment of the fault in the left bank saddle the portion with
especially poor geology above the fault is to be excavated from the ground
surface and replaced with concrete and a concrete gravity type dam built upon
it, Between the excavated surface and the fault, a gallery will be provided
through which grouting is to be executed to stabilize the foundation and to pre-
vent seepage of water.

The spillway is to be of a chute type with an inlet built in the concrete
gravity dam built for treatment of faults in the left bank saddie, Water releas-
ed through the chute will have a hydraulic head of about 40 m from the re-
servoir normal high water level. A flip bucket will be constructed at the
bottom of the chute to dissipate energy before releasing the water into the
natural bed of the Dalaman River. In case of the downstream site is seclected
as the site for the main dam, the saddle dam will be a gravel-fill structure,

Based on assumptions from our survey, a layout is shown in Drawing-
25 as a reference for future surveys in case a concrete arch dam is decided
to be built.

b. Waterways
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b-1 Intake: N

The intake is to be constructed about 300 m upstream from the main
dam on the left bank.

The intake will be a submerged structure in view of the relatively great
available depth of 43 m of the reservoir and also moderate slope in the topo-
graphy. A gate shaft will be built about 280 m behind the intake,

The intake is designed for natural intake of maximum 44. 30 m3/s and
for a velocity of less than 1 m at the screen. The top section of the tower
will be exposed when the reservoir surface drops to low water level.

To shut-off of water during inspections of the pressure tunnel and at
times of accidents, a high pressure gate will be installed in the shaft. The
gate will be a caterpillar-type gate and the hoisting equipment will be placed
on a slab above normal high water surface level {(El, 707 m} and will be of
such structure as to enable quick lowering of the gate in time of emergency.
b-2 Pressure Tunnel:

The pressure tunnel will be on a straight line, 3, 850 m in length, from

the intake to the surge tank and is designed for maximum discharge of 44,30

msfs. The shape will be circular with an inside diameter of 4.50 m and
lined with concrete throughout the length with steel reinforcement wherever
necessary. For the safety of the tunnel, grouting is to be performed along
and around the tunnel through the entire length to f{ill openings between the
concrete lining and bed rock and cracks in the rock.

Further claborate investigation will be necessary with respect to the
geology along the proposed route of the tunnel, although it appears it will be
sufficiently stable because the entire length of the tunnel is 150 m or more
underground from ground surface.

b-3 Surge Tanks:
An upper surge tank and a lower surge tank respectively, will be provided

at the end of the pressure tunnel and at the entrance of the tailrace.
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Upper Surge Tank:

The upper surge.tank is to be an improved water chamber type in
consideration of the locations of the pressure tunnel and power plant and the
overburden. Determination of dimensions of the tank is based on the follow-
ing specifications:

The maximum discharge will be 44. 30 m3/s and calculation of surging
was based upon the consideration of up-surging at shut down of total load and
down-surging at sudden load increase of 50 to 100%,

From the above consideration the lower, upper and uppermost water
chambers will be circular having inside diameters of 4. 50 m, 6.00 m and
13.00 m respectively. The surge chamber will be of open type.

Lower Surge Tank:

The lower surge tank is to be a water chamber type and will be const-
ructed at the entrance of the tailrace. In determination of dimensions, the
water level of the tailrace bay was assumed to be at an elevation of 275.00 m,
and the same conditions as for the upper surge tank were considered in cal-
culation of surging. As the result of the above examination the water chamber
will be 8,00 m wide, 15.00 m long and 16. 00 m high.

Further examination will be necessary to determine the size of the surge
tank, depending upon determinations of flood water levels around the tailrace
bay and geological survey of the vicinity of the proposed site of the surge tank.
b-4 Penstock:

A steel penstock is to be installed in an inclined shaft and the opening
between the excavated surface and the penstock is to be filled with concrete.
The total length of the penstock including horizontal section is 630 m and the
inclined section will be on a gradient of 40°. At the bottom, the penstock
will branch out into two pipes to serve two turbines. The capacity is designed
on the basis of maximum turbine discharges of 44, 30 m3/s, and inside dia-

meter is 3.2 m at the upper section tapering down to 1.8 m at the bifurcation
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point.

As the internal pressure at the bifurcation point will be great, a
spherical branch will be adopted. Valves will be installed at the upper and
lower sections of the penstock for inspection, etc. of the penstock and tur-
bines,

In the final design, a suitable structure to transmit a part of the hydrau-
lic pressure to the bed rock should be considered for steel pipe installed
inside a tunnel and also for exposed type, banded steel pipe or special steel
pipe should be studied in consideration of the properties and stress conditions
of the bed rock and methods of construction.

b-5 Tailrace:

The tailrace tunnel will be on a straight line extending from the turbine
exit to the tailrace bay. The length will be about 6,500 m. The design dis-
charge was based upon the maximum turbine discharges of 44, 30 m3/s. The
tunnecl will be horseshoe shape, and lined with concrete throughout the entire
length with steel reinforcement wherever necessary. This tunnel will be
gravity flow under normal conditions but will serve as a pressure tunnel at
times of great floods. For the purpose of inspection and maintenance of
turbines and of the tailrace tunnel, one gate each will be installed near the
entrance of the tailrace tunnel--the downstream end of the draft tube--and at
the tailrace bay. Near the entrance of the tailrace, there will be one gate for
cach turbine to be installed adjacent to the surge chamber. The gates will
be sluice gates 5.0 m by 4.0 m and winches will be mounted on top. The
height at which the winches will be mounted was determined in view of max-
imum risec in water level obtained from analysis of surging. As the gates
at the tailrace bay will be used very infrequently they will be flash-board
type gates.

c. Underground Power Plant

As already described in 5-3-1, the Sandalcik Power Station will be an
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underground plant with a pressure tunnel and a tailrace tunne! due to the topo-
graphical and .geological conditions., The maximum power output of this station
will be 150, 000 KW and two generators 75, 000 KW each will be installed as a
result of studies of operating conditions and economy. The outline of this
underground plant is as shown in Drawing-26. Underground stations of this
size have been constructed at many places in foreign countries as well as in
Japan, and there will be no technical problems in the construction in view of
the fact that bed rock consists of solid hard limestone. Since an underground
Plant must be built in space excavated out of bed rock, the layout of machinery
and equip.rnent was planned to be as compact as possible,

As a result of careful examination and consideration of the depth of the
power plant from the ground surface, the length of access tunnel and cable
tunnel, meteorological conditions and experiences in operation of Japanese
underground stations, the layout of machinery and equipment was planned so
that the main transformer and control board will be installed underground,
Power generated will be transmitted to the switchyard on the surface through
OF cable, and the office, emergency power source, workshop, storage rooms,
etc. will be built above ground concentrated around the entrance of the access
tunnel.

The arch section and walls will be concreted and adequate grouting will
be performed to {ill cracks in the surrounding rock to stabilize the foundation
of the power station.

In regard to the walls, the cases that can be considered arc no con-
crete lining depending upon the rock condition, gunniting with thin layer of
mortar construction of thick curved concrete, wall te increasc resistance
against external pressure or construction of double walls if the quantity of
water seepage in the rock is great. However, which one of these methods
is te be employed will be a matter for study after further investigations.

On the other hand, as this power plant is located fairly deep in the
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ground, access by automobiles through a tunnel requires an uneconomical
distance of about 1.5 km, assuming a gradient of 10 %, and the use of an
elevator through a pit is also not practical, judging from its depth. Therefore,
in this preliminary design an inclined shaft with a gradient of 1; 3. 8 is planned
taking into account the assumed maximum weight and measurement of equip-
ment to be delivered, connection with existing road, and its serviceability for
other purposes during the construction works, Incline equipment will-be inst-
alled in this shaft. With an incline of this degree of gradient, take-out of ex-
cavalted materials by belt conveyor is not only possible but will also be efficient
during the excavation of the underground power plant. In case of'an underground
power station attention must be paid to the ventilation of the interior. Though
it is possible to ventilate with equipment of sufficient capacity through only
the accese tunnel, it was decided to have the air duct of the tailrace surge tank
serve also as the ventilation shaft for the power station in this desipgn,
Ventilation of the power station can be carried out without difficulties through
this air duct and in addition it can also effectively serve as an adit for the
excavation of the arch section and concrete delivery route as well during con-
struction.
d. Electrical Equipment

The principal electrical equipment of the Sandalcik Power Station will

be as follows:

Turbine:

Number of Units: 2

Type: vertical Francis type

Standard Effective Head: 398 m

Standard Power Qutput: 78 MW

Revolution: 500 r.p.m.,
Generator:

Number of Units: 2
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Type: standard wvertical type

Cutput: 85 MVA f
Voltage: 13.2 KV

Power factor 0.9 {lag)

Frequency: 50 c/s

Main Transformexr:

Number of Units: 2

Type: out-door, 3 phase, forced oil cooled
Capacity: 85 MVA

Voltage: 13/154 KV

Number of Units:

With the growth in power systems in Turkey unit capacities are becom-
ing larger and among the power stations now under construction there are
some with unit capacities of 100 MW. Generally, about 10% of the system
capacity would be considered to be the maximum unit capacity. Therclore,
two units of 75 MW are planned in this design.

Type of Turbine:

This power plant is a high head and large capacity station and the con-
ditions are just near the borderline for choosing between a Francis Lype or
Pelton type turbine. However, in view of recent trend to use Francis type
up to considerably high heads and the anticipation of future improvements in
this direction, the selection of this type is judged to be accompanied by no
technical difficulty,

Economically, the rotation speed of the-Francis type is about 1.7 times
that of the Pelton type (500 r.p. m. : 300 r.p.m.), the weight is lighter, the
price cheaper, and greater effective head can be obtained. Also, it occupics
much less space upon installation.

Location of Main Transformer:

The Sandalcik Power Station is an underground type and the main
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transformers can be placed either above surface or underground.
However, as a result of economic analysis including construction cost, power
loss, etc., the transformers are planned to be placed underground.

Delivery Facilities for Machinery and Equipment;

The delivery of machinery and equipment into the power station will be
by the incline, and an overhead travelling crane of 30 ton capacity will be
installed as a hoisting device.

Control System

The operation system of turbines will be a one-man control system, and
a high pressure synchronous system will be employed from the view point of
economy, and synchronous breakers will be used omitting transmission line
protective breakers.

Emergency Power Source:

The Sandaleik Power Station will be the first plant to be built in the
system and it is very probable that power supply may not be ol?ta.ined from
the system during stoppages in operation. Therefore, a 200 KVA diesel

generator is planned to be installed as a station service power source.

6-2-2, ASMACIK DAM AND BEZKESE POWER STATION
a. Dam:

The sand and gravel deposit in the river bed ;:)E this site is very deep,
ranging from 52 to 59 m at the deepest point. The right bank of the dam site
has a slope of about 35° and the river bed is about 180 m wide and is covered
with sand and gravel, The left bank forms a low ridge with a saddle. Itis
almost impossible to excavate this deep sand and gravel deposit, and there-
fore, the type of dam ®6 be constructed here is planned to be of gravel-{ill
type with grouted cut-off, utilizing this great deposit of sand and gravel.

According to the result of geological survey, the sand and gravel
deposit on the river bed of the dam mainly consists of sand and gravel bet-

ween 5 to 10 cm in size so it will be possible to construct a dependable cut-off
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‘wall by grouting.

The results of survey indicate that a large volume of excellent sand and
gravel, located imfhediately downstream of the dam site, can be used as
material for the dam body and the excavated rocks from the proppsed site for
the spillway on the saddle of the left bank can also be used in the dam. The
height and crest length of the dam are 30 m and 251 m respectively. The
upstream slopes of the rock zone will be 1 : 1.28, the core 1 : 0.3 and the
downstream slopes of rock zone will be 1 : 2.3 and the core 1 : 03. The width
of dam crest is 8 m'and a freeboard of 3 m above normal high water level is
planned in consideration of waves due to wind and earthquake.

The spillway is to be built on the left bank saddle, taking advantage of
the topography around the dam site. As a result of geological survey, two
sheared zones, one running parallel with the saddle and the other crossing
the narrowest section of the saddle, have been confirmed. However, these
zones can be treated by grouting or partially replaced with concrete without
incurring large expenditures,

The design spillway discharge is 5, 700 m3/s.

The spillway is an over flow type with one radial gate 10.50 m by 12.00
m mounted on & concrete over flow dam.

Embanking the Asmacik Dam can be commenced at the end of the rainy
season and be finished before the following rainy season. Therefore, the
design discharge of the temporary diversion waterway during the construction
period will be 600 m3/s.

From topographical considerations, the diversion waterway will be a
tunnel with inside diameter of 7.20 m excavated through the left bank. Other
than this method, there are ways of diverting the river flow, namely, an open
waterway in the saddle or by construction of the over flow section first and
building the upstream coffer dam 5 to 6 m higher. The former entails much

more excavation and concrete work and is not economical for this site. The
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latter increases the cost of grouting in sand and gravel deposit for prevention
of seepage as the height of the,upstre.am coffer dam will be raised about 1.5
times, The'latter method involves many unknown, factors from presently
available results of geological survey and appears to be uneconomical.

It is necessary to make further studies by conducting more detailed geological
surveys. i

The upstream coffer dam could be constructed as a part of the main dam,
but it has not been planned so in this preliminary design because of complica~
tion of works at the main dam such as treatment to prevent leakage from the
upstream coffer dam, grouting of sand and gravel deposit at the main dam and
embankment works, etc.

b. Waterway:
b-1 Intake:

Due to the topographical and geological conditions the intake is planned
to be built on the left bank about 700 m upstream of the spillway. The intake
will be a sloping structure judging from the topography of this site and is
designed for natural intake of 36.50 m?’/s which is the powerhouse maximum
discharge. A sluice gate 4,20 m by 4.20 m and two screens 4.0mby 9.0m
will be installed at the intake. The Asmacik Regulating Pond is relatively
small and as it is located farthest downstream of the entire Dalaman River
Project, it is thought there will be a great amount of debris so that a trash
net and trash removal equipment are to be installed.

b-2 Headrace Tunnel:

The headrace tunnel will be constructed on the shortest route due to the
relationship between intake and power station sites, and it is planned to go
through the deepest section of the mountain in view of topographical and
geological conditions. The length will be about 3,050 m,

Gapacity is designed on the basis of maximum power}fouse discharge of

36,50 m3/s. In selection of the type of tunnel both non-pressure and pressure
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type were given consideration. However, when the combination of head tank
and surge tank constructed at the efd of the tunnel in each case is compared
with the other, the pressure type is found to be economical and has there-
fore been selected. The shape is a standard horseshoe type and the cross
section will have an inside diameter of 4.2 m. As the external pressure
against the tunnel is relatively small, grouting of mortar into the arch section
only will be adequate for sections of good geology and for geologically poorer
sections, grouting of surrounding areas is also planned together with steel
reinforcement wherever necessary.

The headrace tunnel is relatively long and is located where it is difficult
to provide access adits. This may cause delays in the work schedule in case
excavation becomes difficult due to poor conditions in the rock, and so an
extensive examination will be necessary after further geological surveys
including boring,

b-3 Surge Tank:

As the Bezkese Power Station will have a pressure tunnel about 3,050 m
long, a surge tank will be necessary. It is planned to be constructed at the
end of the tunnel and has been decided to be a simple surge tank alter analys-
ing water level variations due to sudden change in load of the power stalion
and other hydraulic phenomena.

Along with future surveys of topography and geology, further con-
sideration of the surge tank and head tank together with the type of tunnel
will be necessary.

b-4 Penstock:

The penstock will connect the tank and power plant in a straight line
61 m long and is designed on the basis of ;'naximum powerhousec discharge
of 36,50 m3/s and inside diameter of 3.40 to 2. 89 m,

1t is of a ring-girder type installed or a maximum gradient of 45°, and

will be fixed with anchor blocks in between which piers for support of the
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penstock pipe will be installed.
b-5 Tailrace:

The tailrace will be an open waterway and the discharge level is des-
igned to be at an elevation of 30.0 m in consideration of the maximum power -
house discharge of 36,50 m3/s. An intake for irrigation with a capacity of
11.73 m3/s to draw water after it has been used for power generation will be
constructed in the tailrace,

c. Power Plan:

Based on discharge water level, topographical conditions and geological
surveys, the power plant is to be a semi-underground type with its foundation
on bed rock. The control room, office, etc. are to be built above ground.
An existing highway is to be used as the access road to the power station, and
unloading and assembly of equipment will be handled by a gantry crane installed
on the power plant building.

The transformer will be installed in a compound adjacent to the power
plant, and the power will be stepped-up to 154 KV and transmitted to the
Bezkese Sub-station located at about 700 m upstream.

d. Electrical Equipment:
The principal electrical equipment of the Bezkese Power Station will be

as follows:

Turbine:
Number of Units: 1
Type: vertical Kaplan

Standard Effective Head: 35 m

Rated Output: 11 MW

Revolutions: 300 r.p. m.
Generator:

Number of Units: 1 -

Type: standard vertical type
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Output: . 12 MVA

Voltage: 6.6 KV
Power Factor: 0.9 (lag)
Frequency: 50 c¢/s

Main Transformer:

Number of Units: 1
Type: outdoor, 3 phase, oil immersed self-
cooling

Capacity: 12 MVA

Voltage: 66/154 KV
Crane:

Crane for Assembly; Gantry crane, 40 tons capacity
Emergency Power Source: 1 diesel generator, 100 KVA

A Kaplan type turbine is to be used at the Bezkese Power Plant due to
low head. Synchronizing will be by a low pressure synchronizing system, and

operation will be by a one-man control system.

6-2-3. TRANSMISSION LINE AND SUB-STATION EQUIPMENT
a., Transmission Line:

A description of design of the 380 KV and 154 KV transmission lines

is as follows:

Description of Equipment

Bezkese $5-Izmir 85 Sandalcik PP -Curleik PP Gurleik PP-Bezkese SS

Distance 240 km 20 km 19 km
Voltage 380 KV 154 KV 154 KV
Circuits 1 1 2
Conductor 410 mm?2 ACSR x 2 410 mm? ACSR 410 mmZ ACSR
(Al 26/4, smm (Al 26/4. 5mm (Al 26/4, 5 mm
St 7/3, 5mm) St 7/3.5mm) St 7/3. 5Mmy

Overhead Ground
Wire
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Type 90 mm?2 GSC 90 mm?2 GSC 90 mm?2 GSC

{7/3.5 mm)} {(7/3.5 mm) {7/3.5 mm)
Number of
Wires 2 1 1
Insulator
Type 250 mm Suspension 250 mm Suspension 250 mm Suspension
Insulator 35, 000 Insulator 25,000 Insulator 25,000
b Ball & Socket ib Ball & Socket 1b Ball & Socket
Number 21 8 8
Shielding Angle less than 20° less than 30° less than 30°

Minimum Clearance
from Ground 9.5 m Tm Tm

Note:

Counter -Poise: Installed at places with grounding resistance of 10
or more

Armer rod and damper to be attached to conductors

380 KV Transmission Line:

This 380 KV transmission line covers a distance of 240 km between the
Bezkese Sub-station built adjacent to the Bezkese Power Station and the Izmir
Sub-station.

The line will be single circuit with double conductors (410 mmZ ACSR)
spaced 40 cm apart and two lines of 90 mm? GSC overhead ground wires will
be strung.

The topography en route is flat or hilly in general, including some
mountaincous area, but maximum elevation is about 800 m,

Towers are self-supporting and conductors will be arranged horizontal -
ly. The standard span is to be 350 m and 95% of the towers were assumed
to be suspension towers and 5% tension towers.

Guyed towers may be partially used, depending upon the result of
further detailed topographical and geological survey.

The design conditions were determined on the basis of meteorological

observation data of the past 10 to 30 years issued by the Ministry of Agri-
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buli:tfre, State Meteorological Service (1962-1963).

The worst condition of wind velocity of 30 m/s and temperature of -15°C
is taken into consideration, and the height of standard steel towers was decided
on the basis of maximum temperature of 45°C, No consideration was made
for icing. Insulation should be considered for lightning and switching surge.
However, attempting to obtain perfect prevention of flushover will end in
uneconomical design. Therefore, overhead ground wires are for lightning,
making the shielding angle less than 20°, to avoid direct strikes on conductors
as much as possible, and counter-poise will be installed on towers to reduce
ground resistance. Number of insulator discs and clearance were decided on
the basis of switching surge.

The extent of the switching surge was so designed as not to cause flush-
over at 2.5 times of the maximum system voltage in view of the fact this
system will be a directly grounded. The required number of insulator discs
for a 250 mm suspension insulator (ball & socket, 35,000 1b} is 21 and all
insulators wilil have horns. The minimum insulation distance is to be 2. 05 m.
Though the Izmir Sub-station side is ¢lose to the seashore and salt damage is
conceivable, no particular protection of line in this regard was considered in
the stage of final design salt pollution cn insulator will be necessary to re-
examine the Izmir district, referring to the operation data of the existing 154
KV transmission line,

In designing the conductor and overhead ground wires, tensile strength
is to be determined by E. D.S. (Every Days Stress). The E.D.S. condition
at 15°C temperature under no wind was taken to be less than 13% for galvanized
steel stranded wire and less than 24% for ACSR.

Apart from the above, corona loss ar;d corona noise are matters of
special concern., In case of a 400KV phase voltage, the average potential
gradation against earth is about 16 KV/cm and the noise level will be about

60 db at a distance of 10m directly underneath the conductor in rainy condition.
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Since this value is by no means small, attention must be paid in selection of a
transmission line route to keep it as far as possible from inhabited areas, and
special care must be taken where radio wave level is low.

Corona loss varies drastically depending upon the precipitation difference
between localties, as its ratio between rainy and clear weather is as high as
30 to 40. Corona loss of a 380 KV system at voltage of 400KV will be appro-
ximately 16.5 KW /km/¢ in rainy weather and 0.4 KW /km/4 in clear weather.

The nurmber of days of rainfall along this route is estimated to be about
40 days per year equivalent.

The ratio of total loss including corona loss and power loss of this

system as a whole is as follows:

Loss Ratio of Dalaman System

Ratic of Electric | Ratio of Powen

Energy Loss (%) |L.oss (%) Remarks

First Stage 3.8 10.9 upon completion of Sandalcik '
and Bezkese Power Station

Second Stage 3.6 B.4 after completion of Gurleik
Power Station
Third Stage 3.5 7.8 upon completion of Gbktas
Power Station ;
Note: Power Loss-Ratio is the loss factor at full operation under rainy
condition.

Countermeasures against electromagnetic induction disturbances of
communication lines caused by single phase earthing of the transmission
line must be considered after detailed investigation of the communication
system along the route. It will be necessary to use overhead ground wires
with high conductivity in order to reduce induced voltage on the communication

line,

154 KV Transmission Line:

The 154 KV transmission line consists of an one circuit line 20 km long
between the Sandalcik Power Station and Giirleik Power Station and a two

circuit line 19 km long from the Giirleik Power Station through Goktas Fower
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Station to Bezkese Power Station. This route, compared with the 380 KV
transmission line, passes through steep mountain zones, but relatively better
topography is available on the left bank of the Dalaman River.

Steel towers will be self-supported with standard spans of 300 m, Due
to the steepness of topographical conditions, they are estimated to be 90%
suspension steel towers and 10% tension towers. The weights of towers are
estimated to be 15 tons/km (2 CCT) and 11. 5 tons/km (1 CCT). The total
number of towers is estimated to be 54 for the 2 circuit section and 57 for the
l circuit section.

The conductor is 410 mm? ACSR single conductor and overhead ground
wire is 90 mm? GSC single line. This transmission line have used direct
grounded systemn and connecting into the 380 KV line at the auto-transformer
at Bezkese Sub-station. The insulation design is the same as that for the 380
KV line. Insulators will be 250 mm suspended insulators (ball & socket, 25000
1b) and will have 8 discs to a string of insulator.

b. Sub-station:

Sub-stations inter-connecting the 154 KV and 380 KV lines are to be
built at Bezkese and Izmir,

The location of Bezkese Sub-station is to be adjacent to the Bezkese
Power Station and the Izmir Substation built adjacent to the existing Bornova
Sub-station.

The outline of each station is as follows:

Description of Equipment

Bezkese Sub-station Izmir Sub-station

Main Transformer auto-transformer auto-transformer
Voltage 380 KV/154 KV/15.4 KV 380 KV % 5%/154 KV/15.4KV

Capacity 200/200/60 MVA 2007 200/200/60 MVA

Connection A )\ PAN * )\ A
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Number of Units First Stage 1 First Stage 1}

Second Stage 1 Second Stage 1
Total 2 Total 2
Phase Medifying Equipment
Shunt Reactor
Voltage & Capacity 154 KV 25 MVA 154 KV 25 MVA
Number of Units First Stage 2 First Stage 2
Second Stage - Second Stage -
Total 2 Total 2
Outgoing Circuits
154 KV 4 circuits 2 circuits
380 KV 1 circuit 1 circuit

Main Transformers:

One unit each of main transformer will be installed upon completion of
both Sandalcik and Bezkese Power Station, and a shunt reactor is to be insert-
ed in the tertiary winding,

Anocther unit is to be added upon completion of the Giirleik Power Station,
A on-load tap-changer for voltage regulation {+5%) is to be attached to the
Izmir side main transformer.

Phase Modifying quiipment:

Shunt reactors will be installed at both sub-stations to compensate the
charging capacity of transmission lines. Capacity and number of shunt
reactors are 25 MVA x 2. These reactors can also serve as voltage regulators
under light load, In addition, at load centers such as Bornova and Balikesir,
phase modifying equipment such as static condenser may be necessary under
heavy load condition. The final decision of such installation is to be made
after detailed examination of power flow conditions prevailing at that time.

No. of Outgoing Circuits of Substations:

The 154 KV incoming and outgoing facilities of Bezkese Sub-station are
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“the 4 circuits to Giirieik, Gokias, Bezkese and the proposed paper factory at
Dalaman and an outgoing installation for one 380 KV circuit to Izmir.

The outgoing facilities for 154 KV lines at Izmir Sub-station are 2
circuits for Bornova and an incoming installation for 380 KV one circuit from
Bezkese.

c. Communication Facilities:

Communication Circuit for Load Dispatching:

One channel is to be allotted for load dispatching communication be-
tween the power stations and substations.

Communication Circuit for Maintenance:

An automatic telephone exchange handling 20 circuits for each power
station {(except for the exchange at Bezkese Power Station which will be used
in common with Bezkese Sub-station) and 40 circuit exchange at the Izmir and
Bezkese Sub-station are to be installed for inter-office communication and
communication between the power plants and substation is to be maintained
by power line carrier system (over 2 CH).

Communication Circuit for Maintenance of Transmission Line;

Two VHEF radio stations each for 380 KV and 154 KV transmission
lines are to be established at suitable places along the routes to provide com-
munication between a mobile station at a random location along the route and
the VHF fixed station. However, as to the VHF of the 154 KV transmission
line, in the first-stage of this project, dependability of communication may
be low due to the topographical condition, as power stations en route will not
yet be completed. In such a case temporary radio stations is to be considered.
Solar batteries are considered as a power source for the radic stations.
Fault Locator

A fault locator is to be installed at the Bezkese Sub-station for locat-
ing of fault in the 380 KV transmission line for prompt repair of accidents.

Remote Control Device:
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Remote control devices are to be installed in the control room of power
stations to observe water level of dams and other items.

Also, a remote control device is to be installed at the load dispatching
center of the Bezkese and Izmir Sub-stations for telemetering of about three
elements at each power station, such as, output, etc.

The outside band of telephone circuits will be used for telemeter channel.

6-2-4 CONSTRUCTION SCHEDULE AND CONSTRUCTION PLAN
a. Construction Schedule:
a-1 Sandalcik Dam and Power Station:

As already described, the construction schedule of this power develop-
ment project calls for commencement of partial operation at the end of 1970,
and therefore, assuming start of the construction work in October, 1967, a
schedule as shown in Fig. 6-2-1 is obtained in consideration of the scale of
the work, river run-off, method of construction and volume of work.

The total period of construction is 51 months from the s‘tart of works
to commencement of power generation, including preparatory works such as
construction of access roads and others. About 31 months after starting of
principal works, partial storage of the reservoir will be begun and 8 months
thercafter partial generation of power will be commenced,

The major works that will govern the entire work schedule of this pro-
ject arc the construction of arch dam, power station and tailrace tunnel,

The volume of excavation is about equal to the volume of concrete work in
construction of the arch dam and the work will depend greatly upon the timing
of diversion of the river and the methods of excavation.

As the hauling of excavated rocks of the power plant will coincide with
the construction of the penstock and tailrace surge chamber, it is necessary

to secure the work schedule of the access tunnel and ventilation shaft. Since

the tailrace tunnel is 6,430 m long and the geology is not favorable, it is

important to secure the schedule by careful planning to select locations of

— 300 ~



access a;iits on the way and for methods of hauling excavated rocks.
a-2Z2 Asmacik Dam and Bezkese Power Station:

Thé Bezkese Power Station is required to be finished by the time of
completion of the Sandalcik Power Station on the upstream and the facilities
for irrigation of the Dalaman Plain. Consequently, its completion schedule is
set for the same time as that of the Sandalcik Power Station as shown in Fig.
6-2-2.

It is considered that the construction period up to beginning of power
generation will require 32 months including preparatory works, of which the

principal works will require 26 months after the start of construction,

b. Construction Plan:
b-1 General:
i) Transportation Route to the Dam and Power Station Site:

The existing road of about 100 km to the Sandalcik Dam site which
branches from the highway connecting Fethiye and Mugla requires
repair or improvement of bridges and narrow or sharply curved points
en route, while a road branching from it to the power station and the
road from the Dalaman Bridge to the Asmacik Dam site on the right
bank are to be newly constructed for transport of construction mater-
ials and electrical machinery and equipment.

The nearest harbor facilities available for this project is Port
Fethiye which can accommodate ships of 10, 000 ton class and can serve
as an unloading point for imported or domestic construction materials.
ii} Procurement of Materials:

A majority of laborers for con'struction is available in Turkey.

The type of cement to be used will be Portland cement to be transport-
ed from Izmir to Fethiye by sea and thereafter by trucks. Most of stecl
bar and other steel materials are available in Turkey and are to be

transported likewise. Domestic explosives are also available.
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Principal machinery and equipment such as penstocks, turbines and
gen’erators, transformers, and transmission line conductor, etc. are to
be imported. Machinery for construction works will .be partially irr;-
ported, but the remainder will be transferred here from oth;ar projects
in Turkey.

iii} Power Supply for Construction Works:

On the assumption that a 154 KV transmission line from Mugla to
Dalaman will be completed by the time of commencement of this project,
power for construction works will be available by construction of a
transmission line of 60 KV extending over 50 km or so from Dalaman to
Sandalcik receiving end sub-stations are to be constructed at Bezkese
and Sandalecik.

Sandalcik Dam and Power Station:
i) Preparatory Works:

From the existing permanent road already described, access roads
will be built to a point upstream of the dam site, aggregate pits, surge
tank, tailrace, etc. Main distribution lines from the Sandalcik Sub-
station for construction works to the dam site, aggregate plant, power
station, tailrace, etc. are also to be built. These preparatory works
are required to be finished for the most part before the commencement
of principal works.

ii) <Construction of Dam:
o Diversion of River:

As aforementioned, in order to start partial storage of the reservoir
in May, 1970, the temporary diversion tunnel is required to be com-
pleted by February, 1968.

o Treatment of Dam Foundation:
The total volume of excavation for the dam foundation is estimated

to be about 480, 000 m>. The excavation will be started first from about
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an elevation of 670 m downward to widen the river bed. Excavation
downward from the crest level of the dam will then follow until the
foundation of the arch dam will hit hard solid bed rock. Excavated rocks
will be loaded on trucks at the river bed and transported and temporarily
dumped at the spoil bank upstream of the dam. A part of this will be
used as rock for the saddle dam.

Prior to concreting of the dam, consolidation grouting of the founda-
tion rock is to be performed in order to secure conditions of elasticity
satisfactory as a foundation of an arch dam. In addition, high pressure
curtain grouting will be carried out from the gallery in order Lo prevent
seepage of water from the foundation rock.

o Concreting of Dam:

Aggregates for dam concrete will be taken from the natural deposit
of sand and gravel above the dam site and transported to the agpregate
plant established upstream of the dam. The aggregate plant as shown
in the Drawing of Construction FPlan will be located at an elevation of
about 600 m on the left bank. A substantial portion of concreting of
the main dam is to be finished by the commencement of partial storage
of water in the reservoir, and aggregates necessary for concroting of
the remaining portion of the main dam and for waterways and the power
station, total concrete volume about 100, 000 m3, will be screened and
ternporarily stored downstream of the saddle dam.

Cement is to be transported by cement trucks from Fethiye via the
construction road to a silo near the dam site and stocked there. A
batching plant for weighing and mixing of concrete material, with a
maximum capacity of 120 m3/hr or equivalent, and a ccoling plant to
cool the concrete are to be established at about elevation of 700 m.

For delivery of concrete a cable crane with a capacily of 18 tons,

one end fixed and one end movable, is to be used.
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The capacity for placing concrete of these facilities will be 45, 000 m3
maximum per month and 1, 800 m?3 maximum per day.

Between each lift pipes will be embedded for initial pipe-cooling in
treatment of heat of hydration hardening and secondary pipe-cooling for
final stability of the dam. Before storage of water is commenced,
grouting of horizontal joints will be performed. Through this, leakage
of the dam will be prevented and the arch action of the dam secured
for maximum safety of the dam.

o Closing of Diversion Tunnel:

Water storage will be started in May, 1970 by closing the inlet gate
of the diversion tunnel. Promptly after beginning storage, the tunnel
will be plugged and pipe cooling and grouting will be carried out to obtain
tight contact with the bed rock and to prevent leakage,
i1i} Construction of Power Station and Waterway:

o Intake:

Excavation of the vertical shaft of the intake is to begin from the
road bed level at elevation 710 m and excavation of intake portal and
tunnel will be started from the intake. After completion of all excavation
concreting of tunnel section, intake portal and deck for gate hoisting
winch will follow.

o Pressure Tunnel:

The pressure tunnel will be excavated by the full face method from
the intake portal, the access adit to be provided midway and the work
shaft branching to the valve chamber of penstock. After completion of
excavation concrete lining will be performed followed by high pressure
grouting for bonding of contact of concrete lining and bed rock and to
fill cracks in the bed rock.

o Penstock:

The penstock will be installed inside an inclined shaft with a total
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length of about 630 m. Work shafts will consist of one shaft branching
from the work pit for the power station which will be described later and
another shaft reaching an elevation of about 520 m which is midway down
the penstock., Excavation of the penstock tunnel will be performed by
excavating a pilot tunnel from the bottom of each work shaft upward and
widening will start from top to bottom. Excavated rocks are to be
dropped down the pilot tunnel to be taken outside by a belt conveyor. The
penstock pipe is to be brought in through a work shaft at about El. 440 m
and the access tunnel to the valve chamber and will be installed from
bottom to top. Concrete will be placed to fill the opening around the pipe
immediately after installation of the penstock, followed by high pressure
grouting.

o Surge Tank:

Two work pits, one from the ground surface and the other branched
from the access tunnel to the valve chamber, are to be provided for the
excavation of the surge tank, and following the completion of these access,
widening will be started from top to bottom. Excavated rocks will be
dropped into and taken out from the above mentioned work pits by belt
conveyors, Simultaneous to widening of the cross section {rom the top,
dead lining of concrete will be placed followed by the normal lining.

o Power Station:

The work of the power station will start with excavation of an access
tunnel and ventilation shaft followed by excavation of the arch section of
the power station and tailrace surge chamber and then concreting. After
completion of concreting, a work pit on a suitable gradient reaching down
to the bottom of the draft tube is to be built from the powerhouse access
tunnel. From here a shaft will be dug upwards after which escavation
will start from the top of the power station. Excavated rocks will be

taken out from the powerhouse access tunnel by a belt conveyor. Upon
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completion of the excavation work, draft tubes, turbines, generators and
other electrical equipment will be brought in through the powerhouse
access tunnel and installation work will begin corresponding with pro-
gress of civil and architectural.

o Tailrace:

The tailrace will have a total length of 6, 300 m and in consideration
of the work schedule, two inclined will be provided along its route,
dividing the whole section into about 1, 800 m each, and full face excava-
tion will be carried out. Depending upon the geological condition, the
arch section may be excavated first arch access tunnel may be dug and
concrete lined before excavating the full cross section of the tunnel.
Concrete lining is to be performed after excavation is completed.
Asmacik Dam and Bezkese Power Station
i} Construction of Dam

o Diversion of River:

It will be necessary to complete the diversion waterway if the

diversion of the river flow is to be performed in June, 1969,
o Spillway Dam:

The spillway dam will not be affected by the river water so that
this work will be carried out along with the diversion waterway. This
work is to be completed by the time the flow of the river is by-passed
through the diversion work,

Aggregate for dam concrete will be collected from natural sand
and gravel deposits near the dam.

o Construction of Gravel-fill Dam:

There is a sand and gravel deposit extending to 2 maximurn depth of
60 m at the foundation of the dam and therefore a impervious blanket
will be constructed by grouting. After completion of the grouting, core

and filter material will be collected from suitable places near the dam
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Fig 6-2-2 ASMACIK DAM AND BEZKESE HYDROELECTRIC CONSTRUCTION SCHEDULE
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and, filled and compacted thoroughly. Sand and gravel deposit above and
below the dam site will be hauled and embanked.
0 Closing of Diversion Tunnel: .
Storage of water will be started by lowering the gate of the diversion
tunnel, taking into account the storage conditions at upstream Sandalcik,
Immediately after beginning storage, the tunnel will be plugged with

concrete, cooled and grouted in order to assure thorough bonding of

concrete and bed rock and to reduce danger of seepage of water.
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EGONOMIC EVALUATION

6-3-1 CONSTRUCTION COSTS

a. Outline

The total costs of dams and electric power installations of this Project
are estimated to be 735, 100, 000 T.L and the breakdown of these costs is as
shown in Table 6-3-1. The construction costs were calculated taking into
consideration natural conditions, scale of construction work and the technical
level conceivable at this time and including necessary contingencies. The
commodity prices used in the calculations were prices as of June, 1965.

Construction costs are divided into domestic currency.requirements and
foreign currency requirements. Domestic currency requirements include
wages of domestic labor, living expenses of construction supervisors and
technicians and construction materials such as steel, lumber and oil and
lubricants procurable in the country as well as construction fnachinery other
than heavy plants and machinery. All other items were listed as requiring
expenditure of foreign currency.

The construction cost were estimated on the basis of awarding the works
to a contractor who will perform the work under a contract with the owner of
the project which is DSI, and the costs of the consulting engineer who will
design the project and who will supervised the construction. Certain assump-
tions were made regarding the relationships between the three parties and the
scope of responsibility of each in the calculations of costs of the project.

o Dam and Power Generating Facilities

The construction cost of civil engineering works was calculated by the
Total Quantity Method. In this method, the equipment required and the
total number of hours of operation of the equipment is first obtained based on
the construction schedule and the quantity of the work. Using this as a

basis the depreciation costs of the construction equipment, operating cost,
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labor costs, material costs and other expenses which comprise direct con-
struction costs were calculated. Further, expenses of all construction reads,
buildings used in construction, construction equipment and labor necessary for
smooth operation of the beforementioned construction equipment and faclities
as well as indirect expenses of the contractor were added to the construction
costs.

Importation, transportation and installation costs were included in
calculation of costs for spillway gates, intake gates, penstock, etc.

Manufacture, transportation and installation of turbines, generator and
appurtenant facilities were included in the costs of electrical machinery and
eguipment.

Indemnification costs, based on survey data of DSI, include the cost of
relocating roads to be submerged, and indeminification of land and buildings to
be submerged in the reservoir under the present design high water level.

Cost of roads, power transmission and distribution lines, buildings,
furnitures and fixtures, vehicles, etc. necessary for accomplishing the
construction works were listed collectively under "Construction Facilities".

Costs of detailed survey and design, engineering and supervisory work
and other administrative and general expenses were lumped together under
A dministrative Cost”., (However, expenses to be incurred by DS5I were
not included. )

Contingencies included are 15% for civil engineering and steel bridge
work, 5% for electrical machinery and equipment and 10% for others.

Interest during construction, as the result of a survey, were calculated
based on 5% per annum for both domestic and foreign currency. Import duty
on power station and switchyard equipment were not taken inta consideration.

o Transmission Lines and Substations
The transmission lines between Sandalcik and Giirleik, Giirleik and

Bezkese, Bezkese and Izmir and the costs of machinery and equipment,
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cammunication facilities, steel towers, conductors, insulator and other
‘'materials, transportation and installation were included under "Transmission
Lines' and "Substations." Temporary facilities, administrative costs and
land purchase costs necessary for the construction work of the above were also
calculated. contingency of 5% against the total cost were taken into con-
sideration.

For interest during construction, a rate of 7% per annum was considered
for both domestic and foreign currency while for imported machinery and

equipment, necessary amounts of duty were included.

b. Dams and Electric Power Facilities

o General

Table 6-3-1 Construction Costs of Sandalcik Project

(First Stage Development Program) ]
(1U.8.5=9T.L)

Cost in U.8. Dollar Equivalent in T. L
ftem $1,000 T.L 1,000
Dam
Sandalcik 22,900 206,100
Asmacik 5,847 50,820
Sub-total 28, 547 256, 920
Power Generation Faciliges
Sandaleik 26,767 240, 900
Bezkese §, 909 33,180
Sub-toral 32,5176 294,080
Transmission Lines and Substations
Transmission Lines 12,500 112,500
Bezkese Sub-stauon 3,917 35, 800
Bornova Sub-station 3,977 35,800
Sub-total 20,454 184,100
Total 81,697 735,100
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o Sandalcik and Bezhese Power Stalion
Table 6-3-2 Summary of Sandalcik Power Stalion
Construction Costs
: (1LU.S.$=9T.L)
Foreign Domestie Total
No. Item Currency Currency
$1,000 T.L 1,000 $1,000 T.L 1,000
1. Land Acquistion 11,400 1,322 11,900
2. Diversion Waterway & Care of 263 3,000 o 5,370
River
3. Dam 3,252 102, 360 14,626 131, 630
-1 Concrete Dam 2,949 94,050 13,394 120, 540
-2 Saddle Dam 303 8, 310 1,227 1,040
4, Waterway 3,952 75, 780 12,369 111,320
-1 Intake 288 2,350 549 4, 940
-2 Headrace 763 24, 130 3,445 31,000
=3 Surge Tank 121 2,630 413 3,720
-4 Penstock 1,148 9,180 4,168 19,510
=3 Tailrace 1,632 31, 460 5,704 5%, 150
§. Power Station 410 12,600 1,810 16,290
-1 Power Plant 186 6,370 894 8,050
-2 Access Tunnel 189 95,290 ™ G, Y30
-3 Ventilation Shaft 35 946 139 1,250
B. Turbine & Generator 2,472 3,440 2,854 25, 690
-1 Turbine 1,037 1,580 1,212 10,910 ‘
-2 Generator 1,435 1,860 1,422 La, T80
T. Auxiliary Electrical 1,019 1,200 1,152 10,370
Equipment
8. Misceltaneous Apparatus 667 1,200 8o¢ 7,200
9, Qutdoor Switchyard 189 1,150 at 2,850
10. Construction Facilities 520 26,570 3,472 31,250
11. Administrative Cost 614 13, 100 2,070 18, 630
12, Contingencies 1,197 34,1730 5,056 45, 500
13. Tetal 14, 558 287, 000 456, 444 414, 000
14. Interest During 3,82 249,000
Coansttuction
«1 foreign Currency 1,000 £, 000 9,000
-2 Domestic Currency 20,000 2,282 20, 400
15, Grand Total 15,555 301,000 44,666 447,000
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Table 6-3-3 Summary of Bezkese Power Station Construction Costs

(1U.5.$ =9 T.L)

Forewgn Domestic Total
No. Ltem Currency Currency
$1,000 T.L 1,000 31,000 T.L 1,000
1, Land and Indemnity 200 22 200
2. Dwersio:n Waterway & Care
of River 108 2,120 343 3,090
3. Dam 1,317 22,650 3,833 34, 500
-1 Concrete Dam 900 10,420 2,058 18,520
-2 Gravel-Fill Dam 417 12,230 1,715 15, 980
4. Waterway 783 16, 900 2,661 23, 950
-1 Intake 52 1,120 171 1, 890
-2 Headrace 552 12, 060 1,892 17,030
-3 Surge Tank 56 1,400 211 1,900
-4 Penstock 53 560 115 1,040
-5 Tailrace 70 1,760 266 2,390
EN Power Station 53 1,930 268 2,410
6, Turbine & Generator 585 885 683 6,145
-1 Turbine 261 520 339 3,050
-2 Generator 304 365 344 3,005
1. Auxiliary Electrical - ,
Equipment 241 220 265 2,390
8. Miscellaneous Apparatus 200 870 297 2,670
9. Outdoor Switchyard 163 580 228 2,050
10. Construction Facilities 134 6, 870 898 8,080
11. Administrative Cost 157 2,600 446 4,010
12, Contingencies 259 8,115 1,167 10,505
4 13. Total 4,000 64,000 1i,111 100,000
14, Interest During
Construction 160 444 4,000
-1 Foreign Currency 160 160 1,440
=2 Domestic Curtency 2, 560 284 2, 560
15, Grand Total 4,160 66, 560 11, 5566 104, 000
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Transmission Lines and Substations

Table 6-3-4 Summary of Transmission Line Construction Costs

{1U.8.$ =9 T.L)

Foreign Domestic Total
No. Item Currency Currency
$ 1,000 T.L 1,000 | §$1,000 T.L 1,000
1. Transtnission Line 2,655 44,912 7,646 68,814
380 KV
-1 Bezkese - 1zmir 2,187 40,311 6,687 60,000
1a4 KV
-2 Sandaleik-Giirletk 94 1,474 258 2,320
-3 Giirleik-Bezkese 166 1,852 an 3,344
~4 Communication Faeilities
for Maintenance & Repair 208 1,215 350 3,150
2. Facilities for Construction 3,897 433 3,897
3. Admnistrative Cost 111 5,936 6 6, 986
4. Land Purchase 382 43 382
3. Contingencies 309 1,270 451 4,055
6. Sub~Total 3,081 56, 396 9,349 84,134
1. Interest Duning
Construction 260 5,167 844 T.905
8. Total 3,341 61,563 10,182 01,639
9. Impont Duties 20, 861 2,318 20,861
10, Grand Total 3,341 82,424 12, 500 112,500

Table 6-3-5 Sumrmary of Bezkese Sub-station Construction Costs

(1U.S.$=9T.L)

Foreign Domestic Total
No. Item Currency Currency
$ 1,000 T.L 1,000 $ 1,000 T.L !, 000
1. Land Purchase 315 42 3175
2. Buildings 1,320 142 1, 320
3. Machinery & Equipment
Foundations 650 T2 650
4. Machinery & Apparatus 1,877 2,643 2,171 14,538
-1 Main Transformer 1,028 625 1,097 9,875
-2 Shunt Reactor 69 125 83 750
-3 Pistribution Board 556 500 611 5, 500
and Switchgear
-4 Outdoor Steel Structure 750 83 750
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Forelgn Domestic  Total
No. Item Currency Currency
$1,000 T.L 1,000 $ 1,000 T.L 1,000
-5 Various Machinery 97 a0 103 925
-G Communication Facilites 114 275 145 1,300
-1 Miscellaneous Apparatus 13 318 49 438
5. Admanistrative Cost a4 1,683 221 1,988
[i Contingencies 96 286 121 1,148
1. Sub-Total 2,007 6,957 2,780 25,017
8. Interest During 134 403 178 1,608
Construction
-1 Foreign Currency 134 1,208
-2 Domestic Currency 403 403
9. Total 2,141 7.360 2,958 26,625
10. Tax 9,175 1,019 9,175
11. Grand Total 2,141 16, 536 3,977 35,800

Table 6-3-6 Summary of Bornova Sub-Station Construction Costs

(1U.5.$=9T.L)

Foreign Domestic Total
No. Item Currency Currency
$ 1,000 T.L 1,000 $1,000 T.L 1,000
i, Land Purchase 750 83 ‘756
2. Buildings 1,320 147 1,320
3. Machinery & Equipment
Foundations 650 T2 650
4. Machinery & Apparatus 1,849 2,643 2,143 19,288
-1 Main Transformer 1,167 625 1,236 11,125
-2 Shunt Reactor 69 125 83 750
-3 Distribution Board and
Switchgear 389 500 444 4,000
-4 Outdoor Steel Structure 750 83 750
-5 Miscellaneous Equipment 9 50 104 925
-6 Communication Facilities 114 275 144 1,300
=7 Miscellaneous Apparatus 13 318 49 438
5. Administrative Cost 34 1,663 219 1,968
6. Contingencies 24 290 136 1,214
1. Sub-Total 1,977 7,316 2,799 25,190
8, Interest During ’
Construction 132 429 174 1,572
-1 Foreign Curtency 132
-2 Domestic Cutrency 429
9. Taotal 2,109 7,745 2,973 26,762
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Foreign Domestic Total
No., Item Currency Currency
$1,000 T.L 1,000 $ 1,000 T.L 1,000
10, Tax 2,038 1,004 9,038
11, Grand Total 2,109 16,783 3,011 35,800

6-3-2 ANNUAL COSTS

The rate of interest for construction expenditures such as dams and power
stations to be carried out by DSI were calculated at 5% per annum and that of works
such as transmission lines and substations to be carried out by Etibank were
calculated at 7% per annum. The annual costs of dams ‘and other facilities ex-

clusively for electric power in the First Stage Program are described below.

a. Dam
a-1 Basis of Calculation
Annual costs were calculated based on economic life of 50 years with
ameortization based on sinking fund method.
Interest and depreciation: 5.48% of construction costs
Maintenance and repair: 0.3% of construction costs
Others: 0. 03% of construction costs
a-2 Annual Cost (Unit: 1, 000 T. L}

[+) Sandalcik Dam

Interest and depreciation 11, 294
Maintenance and repair 618
Other Costs 62

Sub-total 11,974

o Asmacik Dam

Interest and depreciaticon 2, 785
Maintenance and repair 152
Other costs 15
Sub-total 2,952
Total 14, 926
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b. Electric Power Facilities
b-1 Basis of Calculation .

Using the same methods as above, the economic life of the transmission
lines and sub-stations were taken to be 50 years and 25 years respectively
and amortization were based on the sinking fund method.

o Power Generaling Facilities
Interest and depreciation: 5. 48% of construction cests

Salaries and miscellaneous wages: 1

/ Installation Capacity in KW\2
400, 000 x N 10, 000 KW T.L

Maintenance and repair: 1.00% of construction costs

Others: 0. 20% of construction costs
o Transmission Lines

Intercest and depreciation: 7.25% of construction costs

Maintenance and repair: 1. 00% of construction costs

Taxes: 0. 60% of construction costs
o] Sub-stations

Interest and depreciation: 8. 58% of construction costs

Maintenance and repair: 2.00% of construction costs

Taxes: 0. 60% of construction costs

b-2 Annual Costs (Unit; 1000 T.L)

o Sandalcik Power Generating Facilities

Interest and depreciation 13, 201
Salaries and miscellaneous wages 1, 549
Maintenance and repair 2, 409
Other costs 482

Sub-total 17, 641

o Bezkese Power Genervating Facilites

Interest and depreciation Z, 914
Salaries and miscellaneous wages 420
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Maintenance and repair - 532

Other expenses 106
Sub-total 3, 972
Total 21, 613

0o Transmission Lines

Interest and depreciation 8,156
Maintenance and repair 1,125
Taxes 675

Sub-total 9,956

o] Sub-stations

Interest and depreciation b, 144
Maintenance and repair 1,432
Taxes 430
Sub-total 8, 00&
Grand Total 17, 962 39,575

c. Summary of Cost (Unit 1000 T. L)

Dams 14, 926
Electric Power Facilities 29,575
Total 54,501

6-3-3 BENEFITS

a, Electric Power
a-1 Basis of Calculation

The 75 MW x 2 units standard steam power generating plant at Izmir
was used as the basis of calculation of benefits of the electric power phase of
the project. Based on the standard steam power plant, KW and KWh costs
were calculated and these were considered as the standard unit values of
effective output and effective electric energy. The specifications and unit

values used in calculation of the standard unit values are as given below,
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Basic Steam Power (Heavy Oil Burning Steam Power} . R

o

o

Specifications

Output
Plant Utilization Rate
KW Adjustment Rate

Thermal Efficiency at
Generating End

Heat Value of Fuel
Construction Cost

Unit Price of Fuel

Annual Cost

Interest Rate

Fixed Costs

Interest and Depreciation
Operation and Maintenance
Insurance and Taxes

Total

Unit Value per KW

Variable Costs

Operation and Maintenance
Fuel

Total

75 MW x 2
70 %

16 %

34 %, steamn pressure 1‘09 kg/cm2,
temperature 54\0° C

10, 000 kcal/kg

232, 030, 000 T. L (1, 547 T. L/KW)

230 T.L/%l
7%

19,168,000 T. L
6,126,000 T. L
5,841,000 T,

31,135, 000 7.

| o o

263 T.

t

1,455, 000T.
52,973,000T. L

54, 428, 000 T. L

Unit Value per KWh 6. 32 Krs
Benefits
Sandalcik Bezkese
Power Power
Station Station Total
KW Benefit (Vy)
Firm Output, KW 146, 000 11, 000.. 157, 000
Loss Factor, % 11. 00 9. 40
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Effective Power, KW
Unit Value, T.L.
vy, 103T. L
KWh ‘Benefit {(V2)

Annual Energy Output
103KWh

Loss factor, %

Effective Energy,
103KWh

Unit Value, Krs
Vi, 103T.L

V=V]+Vy 103T.L

6-3-4 GENERAL EVALUATION

Sandalcik ‘Bezkese

Power Power
Station Station Total
130, 000 10, 000 140, 000
263.00 263, 00
34,190 2, 630 36, 820
786, 600 81, 000 867, 600
3. 80 2.80
756, 700 78, 700 835, 400
6.32 b, 32
47, 823 4, 974 52, 797
82, 013 7, 604 89, 617

The excess benefit (V-C) upon completion of this Project is 35,116, 060 T.L

as calculated below and the V/C is 1. 64. The cost per KWh at the primary sub-

station at Izmir, the center of demand in the western region is 0. 065 T. L/KWh,

Annual Cost (C)
Benefit (V)
Excess Benefit (V-C}-

Benefit-cost Ratioc  (V/C)

Annual Energy Output 103KWh

Effective Energy 103KWh

Cost per KWh T.L

54,501, 000 T. L
89, 617, 000 T. L
35,116, 000 T. L
1. 64
867, 600
835, 400

0, 065

The above figures are based on the total cost of the dams allocated to the

electric power phase of the development, but as the dams will also become water

supply sources for the agricultural development program the overall benefit and

annual costs including agricultural development should be calculated. The results

of calculations are shown below and the excess benefit (V-C) is 37,616, 000 T. L
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and the benefit-cost ratio is 1. 52,

Annual Cost {C)

Common Structures 103T. L 14, 926
Electric Power 103T. L 39,575
Agriculture 103T. L 18, 559

Sub-total 103, L 73, 060

Benefit (V)

Electric Power 103T. L 89, 617
Agriculture 103T- L 21, 059
Sub-total ' 110, 676
Excess Benefit (V—C) 1037, L 37,616
Benefit-cost Ratio (V/C} 1.52

The annual cost and henefit of agriculture above are the values obtained from

the basin development program described in 5-5 and Appendix.

6-3-5 COST ALLOCATION

a. Cost Allocation

The cost of common structures (dams) allocated between agriculture and
electric power by the method described below results in a ratio of 7:93,

The method of allocation is to subtract the cost of the respective ex-
clusive facilities for electric power and agriculture from the respective benefits
to obtain the surplus benefits and allocate the cost of common Structure.s
between electric power and agriculture according to the ratio of the surplus
benefits.

The costs of construction and annual expenses for electric power and

agriculture after allocation of the cost of common structures by this method

are shown in Table 6-3-7.
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Construction Costs

. ._ Common Structures

(Dams and Reservoirs)

Electric Power

Power Generation Facilities

Transmission Lines and Substations

Sub-total

Agriculture

Annual Cost

Common Structures

Total

Electric Power

Power Generating Facilities

Transmission Lines and
Substations

Sub-total

Agriculture

Benefits

Total

Electric Power

Agriculture

Total
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T.L 1, 000
256, 920
294, 080
184, 100
478,180
252, 000
987, 100
Annual Capitalized
Cost Cost
T.L 1,000 T.L 1, 000
14, 926 272, 489
21, 613 394, 567
17, 962 247, 894
39,575 642, 461
18, 559 338, 813
73, 060 1,253,763
Benefit Capitalized
Benefit
T.L 1, 000 T.L 1,000
89, 617 1,236, 804
21, 059 384, 450
110, 676 1,621, 254



Table 6-3-7 Cost Allocation 3

No. Ltem Electric Agriculture Total
Power
1 Total Construction Cost  109T, L 987, 100
2 Exclusive Facilities Construction Costs
103T. L 418,180 252, 000 730,180

ki Common Structures Construction

Costs 103T.L 1-2 256, 920
4 Benefit (Capitalized) 10T, L 1,236,804 384, 450 1,621,254
5 Exclusive Facilities Cost

(Capitalized) 10%T.L 642, 461 338,813 981, 274
6 Surplus Benefit

(Capitalized) 103T,L  4-5 594, 343 45,6317 639, 980
1 Allocation Ratio %o 93 7 100
] Allocated Common Structure

Construction Cost 103T.L 238, 940 17,980 256, 920
¢4 Construetion Cost :

After Allocauon 109T.L  2+8 717,120 269, 980 987,100

10 Annual Cost

After Allocation 109T.L  a+b 63, 457 19,603 73, 060

a. Exclusive Facilities 108T.L 39, 575 18, 659 58,134

b. Cominon Structures 1031‘. L 13,882 1,044 14, 926

b. Annual Cost and Benefit of Electric Power after Allocation

The excess benefit (V-C) that may be realized upon completion of
Sandalcik and Bezkese Power Stations of the First Stage Program is 36, 160, 000
T.L and the benefit-cost ratio 15 1. 68 as calculated below. Expense per KWh at
the primary sub-station at Izmir, the center of demand in the western district, is

0,064 T. L/KWh, also as shown below.

Annual Cost (C) 1037, L 53, 457
Benefit (V) 103T. L, 89, 617
Excess Benefit 103T. L 36, 160
Benefit-Cost Ratio 1. 68
Annual Energy Output 103K wh 867, 600
Eifective Electric Energy 10°KWh 835, 400
Cost per KWh T.L 0. 064
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7. FUTURE INVESTIGATIONS FOR THE FIRST
STAGE DEVELOPMENT PROGRAM

The present survey has been for the purpose of studying the drainage basin
development plans of the downstream section of the Dalaman River and as a part
of the above, to prepere a Project Report of the First Stage Development Program.
Run-off observation, surveying and geological studies have been limited to the
scope required for preliminary design work. In order to complement feasibility
study made for agricultural phase or to give further detailed infermation and data
for a definite study of this development program, the following investigations
should be carried out.

7-1 RUN-OFF GAUGING AND METEORCLOGICAL OBSERVATION

The run-off data used for preparation of the plan were from records of Sugat1
and Akkopru Gauging Stations and it is necessary to carry out the following run-off
and meteorological cbservations regarding flood discharges, etec.

At Sucati Gauging Station, an automatic water level recorder should be newly
installed for continued run-off observation along with Akkdpru Gauging Station.
Run-off observations during floods should be specially conducted.

New run-off gauging stations equipped with automatic water level recorders
should be provided near Kavunca on the main stream and near Geris on a tributary,
the Tahtaci Stream, both upstream on the Dalaman River from the Sandalc:k
project site, Run-off observations during floods should be specially conducted.

At Asmacik, at the lowest point of this project, a pauging station equipped
with an automatic water level recorder should be newly provided, Run-off observa-
tions during floods should be specially conducted.

Near Derekdy on the Tersakan Stream, a gauging station equipped with an
automatic water level recorder should be newly provided.. Run-off observation
during floods should be especially conducted.

Rainfall observation stations at Acipayama, Gamel, Nifkoyu, Dalaman, Koéycefiz
and Fethiye should all be provided with automatic rainfall recorders and rainfall

observation should be conducted continuously.

— 329 —



At Dalaman State Farm and Karaagac Village, automatic rainfall recorders

should be installed for observation of rainfall.

At Sandalcik, a meteorological observation station equipped with automatic
rainfall recorders should be newly provided for observation of rainfall, temperature,

etc.
7-2 SURVEYING

a. Sandalcik Dam and Power Station

Triangulation of the area covering dam sites, intakes, headrace, power
plant and tailrace sites should be conducted in order to indicate all structures
by coordinates.

Detailed topographical maps of 1/500 scale with 2 m contour lines should
he prepared for dam sites including the saddle dam site.

Detailed topographical maps of 1/500 scale with 2 m contour lines should
be prepared for the vicinities of the intake, surge tank and power plant sites.

Profiles of waterways including intake, headrace, power plant and

tailrace should be prepared. -

b. Asmacik Dam and Bezkese Power Station

Triangulation of the area covering dam site, intake, headrace, power
plant, tailrace and Bezkese Sub-station should be conducted in order to
indicate all structures by coordinates.

Detailed topographical maps of 1/500 scale with 2 m contour lines
should be prepared of the dam site including the spillway.

Detailed topographical maps of 1/500 scale with 2 m contour lines
should be prepared of the vicinities of the intake, surge tank, penstock, power
plant and tailrace.

Profiles of waterways including intake, headrace, power plant and

tailrace should be prepared.
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c. Transmission Lines and Sub-stations

Topographical maps of 1/5, 000 scale with 5 m contour lines covering a
zone 600 m wide along the transmission line route should be prepared.

Profiles (height 1/400 and distance 1/2, 000 scale) of the transmission
line route should be prepared.

Detailed topographical maps of 1/100 scale with 1 m contour lines should
be prepared of steel tower locations.

Topographical maps of 1/500 scale with 1 m contour lines should be

prepared of the vicinities of Bezkese and Izmir Sub-stations.

d. Dalaman Plain Area and Tersakan-Kargin Stream

Topographic survey and levelling survey should be carried out on the
approximately 25 km from the mouth of the Dalaman River upstream to Asmacik
Tepe. Maps of 1/3, 000 scale should be prepared including the area up to 200m on
the outside of both left and right banks of the proposed levee should be surveyed.
Contour lines should be at 1 m intervals as a rule with auxiliary contour lines
at 0,5 m wherever possible, River profile drawings and cross-sectional
drawings should be prepared with the distance between surveying points to be
100 m.

Topographic survey and levelling survey of the approximately 25 km
from the mouth of the Tersakan Stream upstream through Derekoy to Karaagac
Village should be carried out, The nature of the survey work should be the
same as that described for the Dalaman River. However, the width of the
survey zone should be from a line approximately 200 m outside of the proposed
right bank levee line to an elevation about the same height as the proposed
levee on the left bank mountain side.

Topographic survey and levelling survey of the Tersakan New Waterway
hetween Derekdy and Gaybsi should be carried out according to the procedure
described for the Dalaman River. Especially, since there is a great difference

between the existing 1/5, 000 and 1/25, 000 topographical maps for the Derekdy,
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Akgagolizi, Oyuklutepe, Bezkesedlzd, and Tagilburun vicinities, a dependable
topographical map should be made. For this Project, Derekdy to Gaybgi has
been proposed as the route of the New Waterway, but depending on the result
of topographical survey, there is a possibility that Derekdy to Tagliburun will
be more economical and this should be kept in mind when conducting the survéy
work,

Topographic survey and levelling surveys of the proposed new irrigation

and drainage canal routes and levees should be carried out.

7-3. GEOLOGICAL SURVEY

a. Sandalcik Main Dam Sites

Geological surveys should be carried out of the upper and lower sites of
the Sandalcik Main Dam. The purpose of the investigation is detailed survey of
foundation rock of the dam for the upper site and study of the unsurveyed right
bank, and detailed survey of magnitude and length of faults in the left bank of
the lower site.

Upper Dam Site {See Dwg. -5)

Table 7-3-1 Adit

Adit Elevation Co-ordinate Length Note
No. (m) X Y {m}

UT- I 575 418,535 4,107,110 80 N40°E

uT- 2 660 418,653 4,107,142 50 25 ~ 50m N30°W
UT- 3 610 418,603 4,107,153 50 N

uT- 4 690 418, 581 4,107,189 60 N

UT- 5 700 418, 545 4,101,212 80 40 - 80m N35%W
UT- 6 580 418,612 4,107,058 50 5

uT- 1 660 418,600 4,107,020 50 S

ut- 8 615 418,565 4,107,000 50 s

uT- 9 690 418,612 4,106, 963 40 s

UT-10 700 418,515 4,106, 968 50 $15%
Total 560
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Bearing tests should be performed and modulus of elasticity of foundation

rock obtained for all adits,

2

Table 7-3-2 Boring

Adi Elevation Co-ordinate Length N
No, {m) X Y (m) e
SK-B5 i) 418,618 4,107,240 55 Vertical
SK-BS G685 418,618 4,107,197 85 Vertical
SK-B7 655 418,618 4,107,120 100 Vertical
SK-B8 680 418,818 4,108,987 100 Vertical
SK-BY 695 418,584 4,108, 956 100 Vertical
Direction S
SK-10 575 418, 468 4,107,10 I
' +107, 100 00 D1p 650 Cross the
SK-11 585 418,538 4,107, 060 100 Direction N | - river bed.
. Dip 600
Toral 640
Lower Dam Site {See Dwg. -5}
Table 7-3-3 Adit
Adit Elevation Co-ordinate Length Note
No. (m) X Y {m)
0 - 136m §20°W
LT-2 630 418,158 4,107,092 310 { 135 - 270m  S30°E
135m to hranch$85°W (40m)
LT-3 620 418,100 4,107,112 30 N60°W
N35%W
LT~-4 670 418,014 4,107,045 30 Co=-ardinate 15 not exact
535%¢
LT-5 870 418,068 4,107,020 J0 Co-ordinate s not exact
Total 400

Bearing tests should be performed and modulus of elasticily of foundalion

rock obtained from all adits.
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Table 7-3-4 Trench . "

Trench Elevation Length Note
No. (m) {m})
1 650 180 Location {s shown on the map
2 680 240 Location fs shown on the map
3 700 130 Location is shown on the map
Total 550
Table 7-3-5 Boring
Boring Elevation Co-ordinate Length Note
No. {m) X Y (m)
K-B
S 904 715 418,030 4,107,125 100 Vertical
SK-B -
205 720 417,997 4,107,105 100 Vertical
SK-B Direction N15%E
206 715 418,084 4,107,003 150 Dip 809
SK-B
207 115 418,057 4,106,993 100 Vertical
Total 450

h. Saddle Dam Site (See Dwg-10)

b-1 Geological survey based on a 1/1, 000 topographical map should be
carried out for the entire dam site area.

b-2 Run-off of the gully at a point downstream of the dam site should be
measured periodically once a month.

b-3 Boring should be carried out as per the table below. #

Table 7-3-6 Boring

Boring Co-ordinate Length Note
No. X Y {m)

SK-106 419,380 4,105,875 80 Vertical

SK-10T 419, 380 4,105,740 80 Vertical

SK-108 419, 525 4,105,875 80 Vertical
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‘Boring Co-ordinate Length N
No. X Y {m) ote
SK-109 419,514 4,105,720 80 Vertical
SK-110 419,504 4, 105, 590 80 Vertical
SK-111 419,640 4,105,570 80 Vertical
SK-112 419,640 4,105,430 80 Vertical
SK-113 419, 790 4,105,570 80 Vertical
Total 640
c. Waterway Structures

Intake Site (See Dwg.-12)
1) Geological survey based on 1/500 and 1/1, 000 topographical maps
should be carried out and depth’'of surface soil and talus deposits in-
vestigated by trenches.
2) Boring should be conducted near the center of the intake.

Pressure Tunnel
1) Geological survey based on a 1/5, 000 topographical map should be
carried out over the entire length of the tunnel.
2} Should any large-scale fault crossing the waterway be encountered
as a result of the above survey, the fault should be confirmed by boring.
3) Wherever topographically feasible, seismic prospecting should be
carried out above the tunnel and at locations perpendicularly crossing
the tunnel.
4) Several borings should be performed from the ground surface to the
tunnel base to investigate the rock character of peridotite and serpentinite.
The boring locations should be decided based on topography and geology.

Surge Tank (See Dwg, -12)

1) Geological survey should be carried out based on 1/1, 000 or
1/5, 000 topographical maps. The contact between peridotite and
limestone existing near the tank, especially, should be thoroughly

investigated.
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2) Boz“ing should be cc;n;:iuc;ted at the tank center ,dO\_vn to tjhe foundation.
Penstock Route and Power Plant {See Dwg. -12) 5

1) Geological survey over a wide area should be carried tjaut based on

' L

1/1, 000 and 1/5, 000 topographical maps. Especially, as it is assumed

there will be landcreeps and faults near the penstock construction adits,

and incliz;ed access tunnel to the power plant, thorough investigation will

be necessary. '

2) Investigations by boring and adits will be necessary for the above

sites. It would be desirable to locate these borings and adits at the

proposed sites of construction adits and the inclined access tunnel.
Tailrace

1) Geological survey should be carried out over the entire length of the

tailrace based on a 1/5, 000 topographical map.

2) As the Dalaman River where it 1s crossed by the tailrace may.be a

fault valley, 2 cross borings to investigate the river bed, at this point

will be absolutely necessary.

3) Wherever topographically feasible, seismic prospecting should be

carried out above the tailrace and at locations perpendicularly crossing

the tunnel.

4) Several borings should be performed from the ground surface to the

tunnel base to investipate the rock character of peridotite and serpenti-

nite. The boring locations should be decided based on topography and

geclogy.

d. Asmacik Dam, Bezkese Pressure Tunnel and Power Plant S;tes
(See Dwg. -14, 16)
1} Borings should be carried out in the river bed and on both banks, at
the same time conducting permeability tests in the river bed and pressure
tests on the river banks.

2) Geological survey should be carried out over the entire length of the
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pressure tunnel based on a 1/5, 000 top0g;‘aph1cal map and should any
large-scale fault crossing the tunnel be encountered, the fault should be
confirmed by boring.

3} Wherever topographically feasible, seismic prospecting should be
carried out.

4) Several borings should be performed from the ground surface to the
tunnel base to investigate the rock character of dunite and serpentinite.
The boring locations should be decided based on topography and geology.
5) For the vicinities of the surge tank and the power plant geological
survey should be carried out based on a 1/1, 000 topographical map and

borings conducted at the center of the various structures down to the

foundation.

Table 7-3-7 Boring at Dam Site
B:’{i,r:g Elz;a)nqn - Co-ordinate - L‘zl:ng;h Nate
SK-d4 1,443 I, 266 50 Vertical, river bed
SK-5 1,443 1,456 70 Vertieal, rver bed
5K-6 1,443 1,530 40 Vertical, rver bed
SK-7 1,482 1,490 70 Vertical, rmer bed
$K-8 1,523 1,368 40 Vertical, niver bed
SK-9 1,523 1,450 0 Vertieal, niver bed
SK-10 1,523 1,530 5 Vertcal, river bed
SK-11 1,563 1,410 : T0 Vertcal, rver bed
SK-12 B0 1,480 1,580 ! 40 Verueal, right bank
3K-~13 80 1,482 1,330 40 Vertical, left bank
Total . 540

e.

Dalaman Plain Area

Boring investigations should be carried out over the proposed tunnel

routes of the irrigation canal system and pumping stations.
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7-4

MATERIAL SURVEY

a. Sandalcik Dam and Power Station

The material found at the proposed aggregate pit sites along the Tahtaci
Stream above the darn site should be tested for suitability as aggregate for
concrete and concrete tests should be conducted.

The soil material found at the proposed borrow pit sites should be sub-

jected to further testing in the laberatory and compaction tests carried out in

the field.

b. Asmacik Dam and Power Station

Field compaction tests should be carried out on so1l material from
propased borrow pit sites.

The area of the proposed borrow pit sites should be expanded and labora-
tory tests sirnilar to those made in the present survey should be conducted.

Field compaction tests should also be carried out.

c. Flood Protection Levees

Surveys should be made of borrow pit sites of levee embankment material

and soil surveys should be made.

OTHERS

Engineer:ng experiments necessary for establishment of branch irrigation

methods should be carried out.

Field survey and gathering of planning data regarding the proposed flood

comtrol reservolr at Karaagac should be carried out.

Investigation of the Dalaman River in the plain area by river engineer should

be carried out.
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