" THE REPUBLIC OF TURKEY

FEASIBILITY REPORT
oM

| ‘us;oux HYDROELECTRIC POWER

DEVELOPMENT PROJEC!'

Yolume 1

' Hﬂo‘dn‘ri 17!8'3 o

JAPAN INTERSATIONAL COOPIRATION AGINCY

ss—mﬂA l

______.,;.__..._, R






THE REPUBLIC OF TURKEY

FEASIBILITY REPORT
ON
BESKONAK HYDROELECTRIC POWER

DEVELOPMENT PROJECT
JEN LiBrARY

LT

10256108}

Volume 1
L7 &\ le\

November 1983

JAPAN INTERNATIONAL COOPERATION AGENCY



r@ﬁ%ﬁi#@

B 12999)

- 3/4
443 ]

PN |




PREFACE

In response to the request of the Government of the Republic of
Turkey, the Government of Japan decided to conduct a survey on the
Beskonak Hydroelectrlc Power Development Project and eatrusted the sur-
vey to the Japan International Cooperation Agency (JICA)., The JICA sent

to Turkey a survey team headed by HMr. S. Yuzawa in February - March and
October 1982.

The tean exchanged views with the officials concerned of the
Government of Turkey and conducted a field survey im Beskonak Project
area near Antalya., After the teanm returned to Japan, further studies

were made and the present report has beea prepared.

1 hope that thils report will serve for the development of the
Project and contribute to the gpromotion of friendly relations between

our two countries,

I wish to express my deep appreclation to the officials concerned
of the Governmeat of the Republic of Turkey for their close cooperation

extended to the tean,

Tokyo, Kovember 1983

,/é/)"!lé ,/1//#22—,

Keisuke Arfta
President
Japan International Cooperation Agency
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FORWARD

The fruits of feasibility study on the Beskonak Project are presented
fa 2 volunes as follows:

k FEASIBILITY REPORT —— Sunmary —--
*  VOLUBME 1
FEASIBILITY REPORP-v-Hain-*—-comprising 15 chapters

1. INTRODUCTION

2, GENERAL SITUATION IN THE REPUBLIC OF TURKEY

3. GENERAL CONDITIONS OF PROJECT AREA AND SURRGUNDINGS
4. PRESENT STATE OF ELECTRIC ENTERPRISES

5. DEMAND AND SUPPLY FORECAST

6. HYDROLOGY

7. GEOLOGY AND CONSTRUCTION MATERIALS

8. SEEPAGE PLOW ANALYSIS OF DAM SITE VICINITY AND CURTALN
GROUTING

9. DEVELOPMENY PLAN

10. TRANSMISSION LIKE PLAN AND SYSTEM ANALYSIS
11. PRELIMINARY DESIGN

12, CONSTRUCTION COST

13. ECONOMIC EVALUATION

14. TLOAN REPAYMENT PLAN

15. STUDY ON KISIK DAM AND POXER STATION PROJECT

% VOLUME 2 — Appendix ——
A-1  DATA PROVIDED BY DSY
A-2  METEOROLOGICAL AND HYDROLOGICAL DATA
A-3  BORIKG LOGS OF DRILLHOLES
A-4  DATA OF SEEPAGE FLOW ANALYSES
A-5 ECONOMIC EVALUATION DATA

A-6 DATA FOR SYSTEM ANALYSIS AND GUTPUT OF POWER FLOW
CALCULATION
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CONCLUSIONS AND RECOMMENMDATIONS

The Project is a hydrcelectric power development scheme to be iople-
eented at the Beskonak site located at the downstreanm part of the

Kopricay River in the southern Turkey which flows into the
Heditervanean Sea.

Judging froa the studies performed up to the preseat, it fs concluded

that the Project is feasible from both technical and econopic
viewpoints.

¥hile, since the project site is located in an area where calcareous
rocks are distributed, the reservelr watertightness is the most
important problea, which governs the possibility of the Project reali-
zation. Accordingly in order to confirm the reservofr watertightness
evaluated in this report, it is recozzended further to carry out addi-

tonal investigations at the final desiga stage.

The conclusions and recommendations are stated in full as follows:



CONCLUSIONS

1. The growth rate in electric power demand in Turkey has declined for the
past three or four years and this may be sald to clearly reflect
the effects of the oil crisis. However, the potential power
demand is strong, and with the recent trend of an econoaic

upturn in addition, ruch is expected of satisfying this power dezand.

The Government of Turkey, in order to satisfy the power demand, is
presently proceeding with planniag and construction of large-scale
po¥er projects utilizing indigenocus resovrces. However, because
of the slowdown in the domestic econoay triggered by the oil eri-
sis, delays are being seen in constructicon and planning of the
power projects, and whether supply capability can be secured is
still unpredictable.

As a result of the demand forecast made in this study, It is esti-
mated that the powWwer derand hereafter will fncrease at an annual
rate of approxieately 10¥%, beconing 8,100 M{ and 45,400 GWih at
generating end 1a 1985, respectively 1.65% and 1.66 tires the
figures in 1980, and 12,800 ¥¥ and 71,600 G¥h at genecrating end in
199G,

2. Assuning that the power demand and supply plan presently set up
proceeds as scheduled, it is appropriate for the Project te be
fncorporated around 1993 in considecation of the required peried
for additional fnvestigation, final design and construction.
Further, 1t is much expected to advance the connencemeant of the
Project by cospleting the additional iavestigation and fiaal
design In a short period. This Project is an advantageous scheme
for developzent since required construction funds {s not enorsous
because of a mediun scale, and roreover, that it is close to a

power consuapl fon area.



3.

The Kopricay Conglomerate is rafnly distributed at the right bank
of the reservolr and the Beskonak Formation at the left bank. As
a result of the study of the reservoir watertightness, the leakage
through karstified Kipricay Conglomerate probably occurrs only by

passages in the vicinity of the dam site to reach the downstrean
area.

The Kﬁprﬁcay Conglorerate in the vieinity of the dam site is
distributed over a wide area of 3.5 km on the right bank side and
1.5 km on the left bank side, and the evaluation of the per—
zeability of this Kopricay Conglomerate is the rost faportant

matter fa study of the reservoir watertightness.

Judging from the investigation data obtained up to the present,
this Kopriucay Conglomerate has been subjected to carstification
above EL. -120 n with small-scale cracks comprising a three dimen-
sional network, and this is considered to be the cause of reduc-
tion in watertightness capability. However, since leakage
passages and continuous solution cracks of .relatively large size
have not been conflrmed, this conglomerate is considered as

macroscopically a homogeneous medium with regard to permeability.

As a result of numerfcal analyses of seepage flows, including
cases of continuous solution cracks existing, it was judged that
the leakage froa the reservoir in the vicinity of the dan site
could be reduced by providing a grout curtain. Curtain grouting

was planned to be of a range of 2 kn long, and the curtain area of
380,000 a2,

It is considered that some amount of leakage caanot be avoided
even with thls grout curtafn, but it s judged that with such
amount of leakage there would be no hindrance to functfon of the
reservoir filling and to safely of the Beskonak dam of concrete
type.

i



5.

Installed capacity of 200 M4 is the optimum scale for the Project.
The power station is planned to be provided with two units, large
and small, of 155 MW and 45 MM, and frrigation water for the
downstrean area is to be secured through 24-hour power discharge
fron the swaller vait during the Irrigation season (June -
Septenber). While, it was also studied to provide two units of

100 ¥d. This case is faverable for operation and maintenance of
the power station. However, unless the regulating pondage is pro-
vided downstreanm, this is undesirable for turbines because of small

discharge and low efficiency during the frrigation season.

In order to provide a regulating pond for the Beskonak preject,
two cases are consldered, such as a case to rebuild the existing
¥Spriicay diversion dam and the other case to construct the Kisik
daz. In rebuilding the existing diversion dam, new gates are
added to the existing structures and the power discharges from the
Baskonak povwer statfion are regulated. There fs no detail infor-
mation about the dam foundation and plers. Accordingly the case
to rebuild the existing diversion dam was not considered in this
report. However, it should be studied in detail at the final
design stage concerning the rebuilding of the existing Kopricay

diversion dan.

It 1s judged that it would not be appropriate for the Kisik pro-
Ject to be developed simultaneously with the Beskonak preject
because the benefit-cost ratio (B/C) would be lower compared with
the proposal to develop the Beskonak project Indepeadently, and
moreover, because there would be conflict with the irrigation
progran already being carried out by DSI in the project area.
However, there 1s a possibility for development of the Kisik

project in the future, after these problems have been Tesolved.

Since the Beskonak daa site 1s located at an extremely narrow

gorge of river width of 15 - 20 n and with the river banks on both



6.

sides rising almost strafght up, a danm type other than concrete
would not be appropriate. Accordingly, a conparison study was
made of the two alternatives of concrete arch danm and arch gravity
dan, including layouts of spfllways, and as a result ft was judged

that an arch gravity dam would be suitable both economically and
technically,

A secondary dam is to be constructed at the saddle of Hoxtu
Creek.

The power station site was selected at the confluence with the
Hortu Creek approximately 600 m downstreaa of the dan stte, The
connections from intakes te the power statfon are to be made by

tvo pressure tunnels,

It is planned that the energy generated of the Project is supplied
to Antalya region through Kepez substation. As the result of
systea analysis and econoalc conparison of the five alternatives,
the transmission line was selected to be connected to the 380 kv
line between Kepez and Oyeapinar scheduled to be expanded by the
tice of start-up of the Beskonak project.

According to the analysis of 380 kv transmissfion systen, there is
no preblea from the standpoint of the powsr systea stabilfty with
regard to the power transmission From Beskonak power statfon, But
various problezs have arisen fn the power systen acconpanying the
increase in the scale of power demand, since the power consuaption
areas (Western Turkey) are approxiesately 1,000 ka distant froa the

power source area (Eastern Turkey).

In proceeding with the expansion plans for transsission lines in
step with the electric power development progran in Eastern
Turkey, studies are required including fatroductfon of the next
higher voltage lines.



The total investment required for development of the Project would
be 35,478 millfon TL at March 1982 prices, of which the domestic
curreacy requirecent is estimated to be 27,468 million TL, and the
foreign curcency requirement 8,010 nillion TL.

The construction period of the Project is estimated to be six

years.,

In order to exanine the financial socundness, the Project was eva-
luated firstly by copmparing financial internal rate of retura
(FIRR) based on narket prices with interest rate on borrowings

assuned for the Project.

Next, Price rodifications were pade on the parket prices enployed
in the financial evaluation so as to obtain accounting prices, and
based on these accounting prices, the econonic internal rate of
retvra (FIRR) was obtained. The econonic effect of the Project
was evaluated by comparison of EIRR and the opportunity cost of

capital in Turkey.

The FIRR of the Project is estinated to be 9.4%Z. This value is
advantageous coapared with the estimated interest rate on
borrowings of 9,14%. On the otherhand, the EIRR of the Project is
12.9%, and this value exceeds the opportunity cost of capital
{122} in Turkey. This rate also exceeds 10% which is the cri-
terion for loans froa international fimancing institutiens such as

the World Bank and the Asian Pevelopaent Bank.

Consequently, it is concluded that the Project is feasible froa

financial and econonic points of view.

Vi



RECOMMENDATIONS

The most fmportant problen concerning the Project is the watertight-
ness of the reservoir. Based on the iavestigation data obtained up to
the present, the problem was studied rainly from hydrogeological
aspect, and in addition, 1t was approached by the numerical analysis

concetning the leakage from the reservoir.

The numerical analysis is one technical approach for resolving the
problem, and a more accurate hydrogeological grasp of the dam site
vicloity 1s indispensable.

However, it was judged that these obtained data were not enough to
perform the thorough study on the state of karstifications of Kopricay
Conglomerate distributed in the vicinity of the dam site.

Accordiogly, in order to laplement the Beskonak project in the future,
additional {avestigations described in 7.6 should be made at the final
design stage and efforts should be continued to loeate leakage passa-—
ges and to study the range of the grovt curtain qualitatively and
quantitatively. The tesults of the additional investigations must be
amply reflected when perforeing the final desiga.

vit
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CHAPTER 1  INTRODUGCTION

The Goverament of Turkey has been implementing a progranm for
planned econony since 1963, the goal of which is to industrialize the
structure of the country which had mainly been supported by agri-
culture, and efforts are being continued for the economic growth of
the country. Por this purpose it {s absolutely necessary to secure
energy resources. In this country where petroleum resources are
lacking, an extremely high prioxity has been placed on developrment of

indigenous energy resources for achlevement of the econonic growth

targeted.

In the 4th Five-Year Plan {1979-1983) which was fnitiated fn
1979, a GNP growth rate of 8% is aimed for, and for this purpose the
first priority is given to the electric pover developzent sector of
the infrastroecture. However, the invéstment program of the state has
not proceeded as planned with delays ia the realfzation of electric
power developoent projects. The grovwth rate of demand up to 1981 has
been held to about 4% anavally. For this country which has little
petroleun resources, the rise in prices and instability of supply of

oil since '973, and the accompanying stagnation in the world econony
have had severe and long lasting adverse effects.

Heanwhile, the installed capacity for electriec power generation
which was 45,869 ¥W in 1978 bdecaze approxinately 5,300 MW in 1980,
while the annual energy consusption which was 2i,700 G¥h was expanded
to 23,300 GWh. However, the power was still short of supply and the
increasing de=and had to be coped with through planned outages and
fimporting of electric power fronm Bulgar{a and the Soviet Union. The
supply capability was increased slightly with the coapletion of an
expansion project of Keban Hydroelectric Power Statfon in the fall of
1981, and planned outage in Ankara, the capftal city of Turkey, has
been discontinued. With the recent favorable turnabout in the Turkish
econoay, the Government has again begun to stress both early coaple~-
tion of electric power facilities under construction and vigorous

planning of new projects. The construction of thea are all extreaely



delayed from the original schedules, and ft {s thought so far ahead
for a balance to be achieved between supply and demand in energy for

the country.

1.1 Antecedents

This Project has been studied at the reconnaissance level by the
Ceneral Directorate of State Hydrauwlic Works (DSI) since 1965, with
the ain of supplerenting the supply of electric power of which there
had been a constant shortage in Turkey. In 1975 the Project was
incorporated in the long-range development prograa with the scale of
approxinmately 100 Kd. Since 1965, wide-range investigations, such as
preparation of topographical maps, geological explorations by boring
and test adits, pressure tests, etc. have been carried out by DSI and

the Power Resources Surveying Administration (EIE),

As a result of these investigations, the most important prodlea
to be resolved is judged to be the watertightness of the reservoir, in
effect, a hydrogeological problea re=ains to be cleared uvp. As will
be dealt with in a later chapter, this project area belongs to a
calcareous rock zone, and calcareous conglorerate 1Is distributed con-
tinuously to a fairly great depth at the right bank of the danm site.
This conglozerate copprises stratums with high perceability.
Consequently, the degree to which leakage fron the reservolr can be
technically and economically prevented, or can be allowed, is not just
a problea froa the viewpoiat of geology, but is considered a deciding
factor regarding whether or not the entire Project would be viable.

.

The Turklsh Governcent, in order to ceet the increasing demand
in electric power, is proceeding with selection of projects to be
developed In succession to the various hydroelectric projects pre-
sently under construction. The Governcent requested the Japanese
Governcent by a letter dated July 2, 1981 to make a feasibility study
on this Project, as a 1link of electric power projects which are rela-
tively close to power consuaption areas while not requiring huge

amounts of constructien funds.



The Japanese government, {im response to the request, dispatched
a Preliminary Survey Mission headed by Shizuo Kishida, Director, Japan
international Cooperation Agency (JICA), to the Republic of Turkey for
exchanging opinfons with the Turkish Governcent regarding the request
and for carrying out general survey of the project area. The Japanese
Governcent, on veceiving the teport of the Survey Mission, decided to
proceed with a feasibility study for the Project. The Japanese
Government 1invited competitive bidding to decide the consultaat to
carry out the feasibility study, and as a result, the Electric Psver
Development Co., Ltd. {(EPDC), with an extensive performance in the
Pepublic of Turkey, was comaissioned. As for the scope of works on
the feacibility study, an agreement was reached and signed between Hr.
Sabahattin Sayin, General Dicector of DSE, and Mr. Xeiji Iinura,
Chief, Resources Survey Section of JICA, on February 16, prior to con-

menceeent of investigations,

1.2 Scope of Work and Field Survey

Based on the abovemeationed agreement concerning the contents of
work, the Japanese Governzent, through JICA, dispatched the First
Feasibility Study Survey Mission consisting of seven engineers of EPDC
to the field for a period of 30 days froa February 21 to Harch 22,
1982. ‘The Mission carvied out the survey work, collected various
data, and exchanged opinions with engineers of the Turkish Governnent.
The Misston, after returning to Japan, carcied out various studies in
the fields of hydrogeology, hydrology, developzeat systea and pover
system analysis. 1In May of 1982, the Hission subaitted an additional
fovestigation plan to the Turkish Goverarent and rade a recommendation
for early implezentation of various field tests related to leakage
from the reservoir. While at the saze tice, it was requested that
data be prepared concerning the topography, geology and coapensation
concerning the downstreas regulating pond. The Survey Mission again
visited Turkey from October 4 to 26, and collected additional data
together with making a reconnaissance again of the Beskonak project

area in the dcy season.

Based on these obtalned data, the Study was carrled out in Japan



until Movember of 1983, and this final report was completed. The
principal studies in Japan were concerned with the items below

thoroughly taking into consideratfon the characteristics of the
Project.

Hydrogeological study conceraning leakage from the reservoir
Hydrological study

Opticun development scale and layout of the Froject.

Prelinminary designs of structures

Povwer transmission plan and power system analysis

Construction cost estimation, funding plan and economic evaluatlon

Study of regulating pondage (Kisik Project)

1.3 Survey Mission Fembere and Turklsh Covernment Participants

The renbers of the Feasibility Study Survey Hission and the per-
sons concerned on the Turkish Governcent side who cooperated in the
survey, nacely, the engineers of the DSI Planning Department, the TEXK
Planning & Coordinating Departrent, the EIE Read Office, the DSI 13th

Regional COffice, and the Kepez & Antalya Electrie Power Coapany are
the following:

Survey Hission Members 1lst: February 21 - Harch 22, 1982
nd: October 4 - 26, 1982

Shozo Yuzawa, Tean Leader Civil Engineer EPDC
Tokuji Tezuka Civil Engineer EPDC
Hiroshi ¥odanl (First only) Electrical Engineer EPDC
Azuma Tsunoda (First only) Ciyil Engineer EPDC
Tosaku Okabayashi Electrical Englneer EPDC
Kobuo Hoshino Geologist EPDC
Takayuki Niimura Civil Engineer EFPDC



Turkish Government Participants

Mr. Sabahattin Sayin
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Table 1-1 Summary of Begkonak Dam and Power Station

Iten Unit Description
Location - on the Koprigay River
Catchment Area Km? 1,980
Annual Inflow 1063 2,635
Design Flood 63/sec 4,500
Reservotir
High Water Level EL. 155.00
Low Water Level n EL. 134.50
Reservoir Area Kna? 18.4
Gross Storage Capacity 1053 507
Effective Storage Capacity 10603 215
Diversion Tunnel
Piameter (No.1)D = 8.00, (No.2)D = 8.00
Length n (No.1)) £ = 385.00
{No.2) % = 416.00
Design Flood o3 /sec 1,250
Begkonak Dam
Type - Concrete Arch-Gravity Dam
Elevation of Crest a EL. 160.00
Height of Dap ] 165.00
Length of Crest n 1690.86
Yolume of Dan n3 488,000
Spillway
Type - Dan Center Overflow with
Radial Gates
Capacity n3/sec 4,500
Number of Gates set 4
Size of Gate a (BxH) 12.00 x 10.00
Power Intake
Control Gate - Roller Gate with Trashrack
Number of Gates set 2




Description

Headrace Tunnel

Type
Length

Diazeter

Penstock

Type
Length

Dianeter

Powerhouse
Type
Secondary Dan

Type

Elevation of Cresk
Height of Dan
Length of Crest

Volure of Danm

Power Generation Facilities

Number of Units

Unit €Capacity
Turbine
Rucher

Type

Noreal Effective Nead
Haxirun Discharge
Standard Qutput
Revolving Speed

g 2 a

(=]

unit

kW

unit

m3fsec
kW

po

Reinforced Concrete Lining

(No.1 & = 240.45
(No.2)2 = 190.15

Ko.1l D = 7.30, No.2 D = 4.30

Erbedded Steel Penstock

(No.1)2 = 357.45
(No.2)2 = 408.60
(No.1}P = 7.30 - 4.00
(No.2}D = 4.30 - 2.50

Seai-underground Type

Rock-fill Dan with Jupervicus
Core

EL. 161.00

31.00

237.00

160,600

2

(No.1) {No.2)

154,800 45,960

2

Vertical-shaft Francis Torbine

(No.1) (No.2)

105.00 105.60

167.00 50.00

158,000 47,000
167 300




Iten Unit Pescription
Generator
Nuober of Units unit 2
Type - 3-Phase, Alternating Current
Synchronous Generator
(No.1} {No.2)
Output kVA 172,000 51,000
VYoltage kv 14.4 14.4
Poxer Factor y 4 90 (Lagging) 90 (Lagging)
Frequency Hz 50 50
Revelving Speed rpm 167 300
Main Transformer
Nunber of Units unit 3
Type - Outdoor, Single Phase, Qil-
Ireersed, Forced-0il Cooled
with Forced-Air Cooled
Capacity kVA 75,000
Voltage kv 380/¥3 / 14.4 kv
Frequency Hz 50
Switchyard
Hominal Voltage kv 380
Type of Circuit Breaker - Outdoor, AC, 3-phase, Gas
Blast Circuit Breaker
Transoission Line
Number of Cirvcuit unit 1
Noainal Veltage kv 380
Construction Period zonth 12
Annual Energy Production
Total Energy Gvh 659.9
Firn Energy Gih 380.0
Secondary Energy GWh 279.9
Project Cost
Investzent (9.5% faterest 1061 { 35,478 (as of March, 1982)

rate)




Tten

Financial Internal Rate of
Return (F.I.R.R.,)

Economic Internal Rate of
Retura (En I.R-Ro)

Unit

~

9.4

12.9

Description
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CHAPTER 2  GENERAL SITUATION IN THE REPUBLIC OF TURKEY

2,1  Geography

The Republic of Turkey is outlined by morth laticudes 42°06' and
35°51%, and east longitudes 44°48' and 25°40*, and is sftuated at the

connecting point batween the Furopean and Asian coatineats.

The natfonal territory s in the shape of a rectangle of 650 knm
wide and 1,565 kn long having an area of 779,452 ka2, 97% of this
atea belongs to the Anatolfan Peninsula at the Westernzost tfp of Asia
called Asia Hinor, with the reraining 3% being the Thrace Regfon in
the south-eastern part of the Balkan Peninsula located at the eastern

tip of the European continent.

The land is bounded on the south by the Mediterranean Sea, on the
west by the Aegean Sea and the borders with Bulgaria and Greece, on
the north by the Black Sea, and on the east by the borders with the
Soviet Union, 1raq, Iran and Syria,

Broadly dividing the land geographically, ft consists of the
Aegean-Mediterranean Region, Black Sea Coast Region, Fastern and
Central Anatolia Reglon, and the Southern Anatolia Reglon., 96% of the
land belongs to a steppe type climate zone called the Anatolian
Plateau, and only 307 of the land is cultivated.,

The nmean elevation of the land is 1,132 o with no wore than 20%
of the land being of elevations under 500 m, The cean elevation of
Ankara, the capital city, is 902 n.

Representative rivers are the Kizilfreak River (1,355 km), the
longest fn Turkey, the Sakarya River (825 ka), the Seyhan River (560
ka) and the Yesilirmak River (520 kn), besides which, the famous

Tigris and Buphrates are interaational tvivers which rise within the
boundaries of Turkey,
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Among natural lakes, lake Van (3,700 kmz) in Bastern Anatolia,
and Lake Tuz (1,500 knz) in Central Anatolia ave representative, and
both are salt lakes, Artificfal lakes are Lake Keban (675 kmz) on the
Euphrates River and Lake Hirfanli (263 kmz) on the Kizilirmak River
which are well-kaown, and both are playing importaat roles as reser—
voirs for hydroelectrie power generation, namely, as water power

energy resources.

Host of the mountain areas are sltuated in the Eastern Anatolia
Reglon bounded by the Soviet Union and Iran., Mt. Ararat (5,165 n) is
the most Famous nountain, besides which there are peaks such as Mt.
Suphan (4,434 n), Mt. Kackar (3,932 n), and Hr. Ereiyes (3,916 n), and

this region comprises the greatest hydroelectric potential area of
T“ rkey .

Vegetation differs according to the climate and topographical
conditions, but breoadly divided, it is described below.

Black Sea Coast Regfon : Forest zones are distributed at
wmountain slopes facing the shore—
line, with oak, elm and birch being

large in nunder.,

Aegean-Mediterranean : Olive, citrus, and pine are large {ia

Coast Region nuaber along the rountain areas.

Anatolian Plateau Area

The vegetation consists of natural

forage and scattered forests.

2.2 €lfmate

In spite of the fact that three sides-north, west, south- of
Turkey are bonded by sea (Black Sea, Aegean Sea and Mediterranean Sea,
total coast-line 8,400 ka), the eean elevation of the national land is
a high 1,132 . The clipate differs greatly according to region due
to the finfluence of the rountain ranges running parallel to the north

and south coast lines.
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2.2,1 Temperature

The annual wmean temperature In the Black Sea Coast Region §s a
mild 14°C to 15°C, while in nidsumwer of July and August, temperatures
are fronm 22°C to 24°C to be relatively comfortable, and in the cold
season of Janmsary and February the temperature is from 5°C to 7°C so

that the cold is not very severe.

The annual pmean temperature of the Aegean-Mediterranean Region
is a wara 18°C to 20°C for a so-called Hediterranean clipate. The

temperature climbs higher than 27°C in sumrer, but it {s mild frop 8°C
to 12°C in winter,

On the other hand, annual mean temperatures in inland areas
differ greatly between 4°C and 18°C depending on altitude, for a con-
tinental clicate with extreres of hot and cold., 1In nidsummer it beco-
mes burning hot, while in pid-winter warn winds are shut off by

mountain ranges running parallel to the coast line and zANY areas are

hit by cold waves of 0°C to -10°C,

2.2,2 Precipitation

Turkey fs subject both teo a continental type climate charac-
terized by rainy weather throughout the year and also to a subtropical
climate distinguished by dry sumzetrs. Rainfalls are generally
observed on the slopes of the mountains facing the seas. But roving
towards the interfor areas, the rainfall gradually becomes less. Thus

there fs a substantial variation in precipitation with respect to
areas.

In the Agean-Mediterranean Region the rainy season continues
froa autumn to late spring, while in the Black Sea Coast Region there
is rainfall throughout the year. The precipitation in the inland
areas consists painly of snowfall in the wintertime succeeded by rain-

fall in the early spriog, with alcost no precipitation in other
pericds.,
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The climates of the main cities are shown in Table 2-1.

Table 2-1 Clicate ia the Main Cities

Sovested | magtons | Mbove sea [ oo e ettt -

{u) ghes (1) tfon {zn)
Istaabol | Mar. 39 | 140 |-16.1 | so.s 75 §73.4
Ankara Cent.A. 902 il.8 ~24.9 40.0 €0 367.0
Iznfr | Aegean 5 {126 | -8.2 | s2.7 65 700.2
Adana Kedit, 20 13.7 -8.4 45.6 66 656.8
Bdirae Thrace 58 13.5 -22.72 41.5 70 599.3
Barsa Mar. 100 15,4 -25.7 42.6 69 713.1
Antalya { ¥edit. 52 18.6 -%.6 £6.7 65 1,067.2
Ucia S.East A, 547 18.1 -12.4 £6.5 48 473.1
Zengusdad W.Black S.| 1346 13.5 -8.0 40.5 75 1,242.9%
Rize E.Black S. 4 14.2 -7.0 37.9 78 2,357.0
¥Yan East A. 1,725 8.8 -28.17 31.5 59 385.0
Agri N.East A. 1,632 6.1 -43,2 18.0 &7 528.5
Kugla Aggean 646 i5.0 -12.6 41.2 60 1,220.9

Source: Genaral Pirectorate of Yeteorology
2.3 Population

The total population as of the end of 1981 was 46,360,000

{according to Briefing Na. 411, Jan. 3

and ruval aveas beling 472:58.

s 1983) the ratio between urban

90Z of the people consists of Turks, with the remainder made up

by Kurds, Arabians, Arpenians, Greeks and others.

Foslens comprise

99% of the population with the renaining 1% being of various Christfan

denoainations.
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2.4 Econonmy

The economy in the Republic of Turkey is a mixed system
(established in the early 1930's) where private enterprises coexist
with public enterprises set up with state capital. Today, approxima-
tely 55% of fndustrial production is occupied by the public sector.

In 1960 the State Planning Organization was established and a
Long-Range Fifteen-Year Econompic Development Plan was formulated to
start from 1963. Since 1963, a planned economy has been implerented,

the objective being to attain an annual average econonmie growth rate
of a2 7% level,

The attainment would be realized through promoting the
Industrializatfon and absorbing the surplus labor of agricuiture into

the iandustrial sector.

At present, the 4th Five-Year Plan (1979-1933) is being

fnplemented.

Under the 3rd Five-Year Plan (1974-1978), investeents of 41
billion dollars (manufacturing industries 26X, housing 18%, transpor-
tation and comounications 22%, agriculture 12X, energy 7%, others 15%)
were made and an annual econoalc growth was planned at the rate of 7%.
As shown In Table 2-2, however, the perforrances had fallen short of
the planned targets by about 1%,

In the A4th Five-Year Plan fnvestment of a total of 63 bfllion
dollars (1978 prices) is to be scheduled, the breakdown of which is
57X for the public sector and 43% for the private sector. By cate-
goty, 27.4% will be for manufacturing industries, 16.3% for transpor-
tation and communications, 14.6% for housing, 12.2% for agriculture,
10.6% for energy, and 18.9% for others, and with these investements the
ala s to attaln an average annual growth rate in GNP of 8%. The

targets and performances In the long-range plan are respectively {ndi-
cated in Table 2-2,



Table 2-2 Targets and Performances of
Long-range Plans (Growth Rate)

. . Unft : Z
Ist J 2nd Ird 4th
(1963-1967) (1968-1972) (19631977} (1978-1982)
| T. P, T. P. T. P. 7. P,
Agriculture 4.21 3.7% 4.1 | 3.6 3.71 3.1 5.5
Industry 12.3 1056 12-0 9-9 ll.z 100& llt?
Construction 16.7 | 8.0{ 7.2]| s5.0]|11.9]| 9.0 11.4

Transp. Comzuniec. |10.5| 7.8} 7.2]| 8.8]| 8.2 9.2}11.3

Housing - 3.5] 5.9]| 6.8] 5.0¢| 6.5] 1.2
Services 6-2 7.5 6:3 ?.3 7-1 8.2 8a5
GKP 1.0] 6,7 7.0| 7.1] 7.9] 6.9} 8.0

Bote : (T) for Target, (P) for Perforaance
Source: State Planning Organization

The major econonic activities during the 6-year period of

1976-1981 (with estirmates partially included) are indicated in Table 2-3.
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Table 2-3

Economic Activity

Item Unit 1976 1977 1978 1979 1980 1981*
GNP (Current Price) $109 26.80 ] 34.81 49.55| 89.021179.271) 259.23
Total Resources $109 28.32 37.25 52,94 90.77}§ 189.77 ] 275.23
External Deficit $109 1.52 2,46 3.39 1.75| 10.00] 16.00
Growth Rate z 1.70 3.90 3.10f -0.50] -90.70 4. 40
Total Iavestment $109 6.24 8.78 11,72 19,13 ] 35.32 53.00
Total Consumption SlD9 22.08 28.46 | 41.22 7L.66 ] 154,45 234.92
GKP by Origin
Agriculture 4 21.9 20,9 20.7 2i.7 22.1 21,7
Industry 4 20,2 21.4 22.0 23.8 23.2 25.2
Services i 57.9 52.17 57.3 54.5 54.7 53.1
Income Per Capita c 3/ 653 829 1,197 2,019 | 3,977 5,789
apita

Note : Exchange Rate 25 TLSS
Source : State Instfitute of Statistics

* Target, Source : S.P.0.

The escalation rate of wholesale commodity prices in general was

10.1% in 1975, 15.6% tn 1976 and 24.7% in 1977, but from 1978 to 1979
a rate of 63.9Z was recorded, and from 1979 to 1980, 107.2Y. From
1980 to 198! the rate was settled down to 36.8%,

As for the unemployzent rate, it was 13,6% fa 1978, 14.1% fn
1979, and 16.1X 1n 1980 to show a trend of annual increase.

The exchange rate between the Turkish 1ira and the U.S. dollar
had been revised annually or wonthly as necessary, but from Hay 1981,
the exchange rate has been adjusted dafly. As of April 198l the rate
was 98.2 TL/$ buyiog, and as of the end of Deceaber 1981, 126.7 TLfS.

The forelga trade styructure of the Republic of Turkey is of a

pattern of export of agricultural products and feport of capital goods

and raw materials. In 1981, the proportion of agricultural products
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in exports was 47%, the priacipal products beilng tobacco, cotton and
hazel nut. The proportion of manufactured products represeated by
cotton yarn, leather and olive oil was 49%, while the renaining 42
consisted of mined products such as chronite. On the other hand, out
of imported items, manufactured goods such as machinery, chenmical pro-
ducts, steel, electrical appliances, and autoneobiles made up 52% of
the wvhole, followed by 462 for mined products such as crude oil and
oil. The repainder consisted of agrieultural products. The propor-
tion taken up by crude oil was 36% in total payments for lmports
(1981: $3,235 x 106),

Foreign trade according to countries is pade up of 48%Z with OECD
countries for both exports and imports, all of the rermainder con-
sisting of barter with the Soviet Union, Westera Furopean countries

and OPEC countries based on government—-to—governzent agreecnents,

Recent balances of trade have been constantly in the red affected
by the first and second oil crises. In essence, in 198}, exports
acounted to $4,703 x 109 and imports $8,933 x 109, and the trade
balance was improved sorewhat compared with the previous year, but
there was a deficit of approximately $4,230 x 105, The principal
cause of the deficit is that leports oust be depended upon for crude
0il and oil which rake up 43% ($3,856 x 106) of the entire amount of
inports. Because of this, the Governzent, in order to increase invi-
sibles, has encouraged enigration of workers to West Germany and ofl-
producing countries while pronoting tourism, thereby obtaining incone
of $2,138 x 106, This was not sufficlent to offset the trade deficit

and there still rerained a ninus of 52,092 x 106 in ordinary accounts.

Although the balance of capital accounts for the year showed a
surplus of $879 x 106, the vltigate balance of international payments
could not be covered even on obtainfiag varlous leoans, and there was a
deficit of $1,213 x 106,

Hith regard to the fEscal year of Turkey, it had been froa Harch
Ist to the end of February of the following year, but it has been
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changed to the calender year from 1982, and as a result, fiscal year

of 1982 was for 10-month period from March Ist to December 3ist.,

2.5 Energy Resources

Securing energy is an extrenely iwportant patter for Turkey,
which is endeavoring to convert its industrial structure fronm agri-
culture to manufacturing through promotion of a long-range econonie
developsent progran. However, there is a constant shortage of supply
capacity in the electric power, and the shortage is being covered
partly through supplies frop the Soviet Union and Bulgaria.

The present energy consuaption is indicated im Table 2-4, ‘his
table shows the gradual reduction of petroleua consumption through the
developzent of indigenous resources such as lignite and hydvopover, but

there is still about 50Z reliance on petroleus in overall energy con-
sunption.

Table 2-4 Energy Resources fn Natfonal Consuaption

Energy Resources 1976 1977 1978 1979 1980+ | 1981%
Petroleua Products | 43.8 52,3 52,2 50.7 46.3 46.0
¥ood 13,9 12,7 12,2 11.0 4.6 12.9
Coal 13.3 8.9 9.0 11.1 7.5 7.8
Aniral and Plant 12.0 7.0 6.8 6.5 2.3 7.2
Residue
Lignite 9.7 12.3 12.8 13.1 13.4 14.7
Hydraulic Power 6.6 6.4 6.6 1.0 8.3 2.6

* Turkey 1982 Almanac
Source : Ministry of Energy

The electrie pover supply facilities as of 1980 amounted to 5,300
MW (23,300 GWh), and the ratio between hydroelectric pover generating
facilities (2,131 HW) and thermal power generating facilities (3,153
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H¥) was 40% to 60%, The per capital power consunption was 520 kWh,
The future average growth rate in pover demand is forecast to be

approximately 10%.

It is estimated that the econonlcally developable hydroelectric
potential of Turkey is 27,000 MW (91,000 GWh). Since only about 9% of
the potential has been developed up to the preseat, hydroelectric
power is one of the eaergy resources expected to be developed in the
futuvre. Other indigenous forms of €n2Tgy resources are petroleum,
coal, uraniuvm, etc., while in recent years, it was started to nake a

study of utilizing geotherzal energy and solar enexrgy.,

The production of petroleun 1s about 17X (2.3 x 109 ton/1980)
against the estimated reserves of 57 x 109 ton, 3nd more than 80% of
the entire consunption of 13.8 x 10% ton for the year depended on

imports,

It is estimated further that there are reserves of 1.3 x 102 ton
of hard coal, 5.6 x 10% ton of soft coal, 6.0 x 10? ton of peat and

oil shale, and 45 x 10° ton of natural uyranfun,

As fer auclear power, the first unit of 6§00 Md is scheduled to
start operation in 1987,

In any event, Turkey is an oll-importing country and the econonmic
activities of the country were heavily hit by the repeated oil crises,
the aftershocks of which have left adverse effects to this day. In
order to stimulate econonfc activity, much effort is being expended in

developnent of donmestic energy resources, particularly, hydropower and
fossil fuel trescurces.
2.6 Traosportation and Communications

Ponmestic transportation mafnly relies on roads. The total length
of natfonal highways and provincial roads is 61,000 kn, of which 59%
is paved. The total length of railroads is 8,200 ka with 987 not
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electrified.

Telephone service and broadcasting are operated and managed by

the State, with broadcasts covering the entire national

territory. The ownerships of telephones, radios and televisions in

1979 were 3%, 102 and 6Z, respectively.
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Fig. 3-1 General Layout Plan of the Investment Projects






CHAPTER 3 GENERAL CONDITIONS OF PROJECT ARFA ARD SURROUNDIKGS

The Beskonak Project are fn Serik Distrlict of Antalya Province
and are locatd 73 ka northeast of the city of Antalya, the capital of
the province, at the downstream of the Koprucay River which flows fron

north to south to feed into the Mediterranean Sea.

3.1 General Conditions of the Surroundings

Antalya province is situated in the Mediterranean Region in the
southern part of the Republic of Turkey, and belongs to a temperate
Hediterranean climate zone. Agriculture has flourished from a long
time ago and even today is the main industry of the proviace. There
are also numercus historical sites such as Perge, Aspendos, Side, and
Alanya remaining from ancient Grectan and Roman ages, and favored
with a scenic natural environment along the Meditefranean seacoast.

The province is a leading tourism center of Turkey, and is also famed

as a major resort area.

According to statistical data of 1981, the area of Antalya
Province is 22,252 kn? (corresponding to 2.7% of the national
territory). The total population is 748,706 (1980), and the population

density is 34 per square kilometer. The ratfo of the population in
uvrban and rural areas is 2:3.

The provincial capital of Antalya faces on the Mediterranean Sea
and is at a distance of 550 ka (road length) froa Ankara, while there
is a concection fren Istanbul by air service. Railroads connect
neighboring Burdur and Isparta proviaces with Ankara, but do unot
extend into Antalya. Transportation and trade within the province

relies priocipally on long-distance bus and trucks.

The Beydagi Mountain Range runs along the western boundary of the
province and the Taurus Hountain Range along the northern and eastern
boundarfes. Both of the countain ranges have strings of high peaks of
2,000 to 3,000 o class, and the Mediterranean Region 1s separated



fron the Anatolian Plateau by these mountain ranges. The principal
roads in this province extend east-west along the Mediterranean coast
with the city of Antalya as the hub., The Koprucay River, crosses a
national highway to the east of Serik, 45 km east of Aantalya, to eater

the Mediterranean Sea.

The Kopricay River has its basin at the southern slope of the
Taurus pountainlands which reach heights of 2,000 to 3,000 m. The
Taurus Mountains run from the Mediterranean Sea coast through the
eastern part of Turkey to the Iranfan border, and the region along
these rcountalns belong to a geological strueture called the South
Anatolian Folds where Paleozoic to Tertilary limestones are widely
distributed, and the largest karstic area in Turkey is comprised. The
project area adjoins the region where these limestones are distri-

buted, and Neogene sedimentary vocks are mainly exposed.

Of the two hydropower projects in the Antalya Reglon where
construction works are under way, nazely, Oypaploar in the Manavgat
River basin adjoining the Koprucay River on its eastera side, and the
Kavacaoren in the Akxsu River basim next te the Roprucay River on its
weskern side, the former is located at the fringe of the limestone
distribution area, while the latter is in the distributfon area of

Neogene sedicentary rocks, the sace as the Beskonak project.

The port ef Antalya, located to the southwest of Antalya city,
has enough facilities to handle cargo of ocean—going freighters of
several ten thousand-ton class, and dorestic and forefgn trade are

carried on.

The main agricultural products of the province are narenclye,
cotton, wheat, sesame and vegetables in areas where frrigation facili-
ties are available, and dry farming erops such as whzat (barley, rye
and oats), cotton, beans, and pepper where frxigation facilities are
not available. Since the province is favored with meteoroclogical con-
ditlons, clitruses such as orange and lemon, pineapple, and banana are

cultivated at low elevation, and grape and apple are grown at slightly
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high elevation.

With regard to climate conditions (precipitation, temperature,
etc.) {n the surroundings, it is listed in Table 2-1 {Antalya city).

Antalya is a large city with a population of approximately
176,000 and 1s provided with various geverncent agencies, varfous
banks, hospitals, schools, hotels, telecommunications and transpor-
tation facilities, shops, ete.. All facilities indispensable for com-—

mercial activities and daily 1ife are available.

Hanufacturiag industries in Antalya city are a chroze refining

plant, oil processing plants and small-scale textile nills, and
nothing else of note.

3.2  Vater Resources Developzent Program and its Present State

The Project area is surrounded by water resources development
projects and Aatalya Province is under the Jurisdiction of the 13th
Regional Office of DSI.

The hydroelectric potential in Aantalya Province which can be
developed economically is estimated to amount to 887 MW (3,354 x 106
kWh), and the large-scale irrigation area is estimated to be 152,000

ha. The state of developzent of these resources is shown in the table
belov-

Rydropower Project gig;;c:rrigatlon
). Potential 887 MW, 3,35% x 105 kwh 152,000 ha
2. Projection (1979) 598 WY, 1,954 x 105 kWh 96,000 ha
3. Operating (1979) | 28 MW, 195 x 10% ¥Wh 57,000 ha
Developgent Ratio 3. 12 5.8% 37.5%

* Data from 13th Regional Office, DSI
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The following indicates the outlines of the major projects in the

surroundings of this project area under the jurisdiction of the 13th
Regional Office of DSI.

3.2.1 VWater Resources Development Projects on Aksu River

The Aksu River is the primary river in Antalya Province
which flows froa north to south between Antalya City and the
KSprﬁcay River (20 kn east of Antalya, 25 ko west of the Kapriicay

River) to feed the Mediterraanean Sea.

At the upstrean part of this river bastn, ¥ovada No. 1 and
Ko. 2 Hydroelectric Power Stations (total output 59.6 MM,
261 x 105 k¥h/yr. - in Isparta Province) are presently in opera-
tion, utilizing the head between the natural Kovada Lake and the
Aksu River. At the middie stretch, Karacaoren Pan and Power
Station (30 MW, 142 x 106 kWh/yr.) with the purposes of power
generation, irrigation, and flood control are now being
constructed, while No. 2 Power Station (15 MW, 68 x 106 k¥h/yr)

is also planned.

At the downstreanm part, there is the Asagi-Aksu Irrfgation
Project (Phase I: 16,000 ha of irrigation and 7,500 ha of
drainage improvement, Phase 1L: 7,200 ha of irrigation). Vhase I

is already cozpleted and Phase I now carried out.

3.2,2 Water Resources Developmeat Projects on Manavgat River

This river flows into the Mediterranean Sea approximately
30 ka east of the ¥oprilcay River.

At the downstrean part of the river, the Oymapinar
Hydropexer Project (ultieately 540 X¥, 1,620 x 10© kWhf/yr) is now
under energetic construction atming for start of operation of the

No. 1 unit (135 M¥) in 1983. Downstrean of the power station
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there is the Manavgat Irrigation Project (Phase I: 1,635 ha,

Phase IIl: 8,765 ha, Total: 10,400 ha} preseatly at the stage of
construction of Yhase II facilities.

3.2.3 Water Resources Development Projects on Xoprucay River

At the upstrean of the Beskonak Hydropower Project, there
are the Yilanli Irrigation Project (1,648 ha) aand the
Reglroendzii-3eskonak Irrigation Project {1,646 ha), and both are
under construction, Inmediately downstrean of the Beskonak dam-
site the Bucak-Akbas-Karatas Irrigation Frojeet (1,500 ha) is
under construction. 1In the event the Kisik Pan and Power
Developgent Froject studied in this Report is realized, part of
the irrigation project will be inundated by its regulating pond.
At the downstrean, there is the lower Koprucay Irrigation Project
{(Phase 1: 26,382 ha, Phase I1: 4,100 ha). VPhase I is being

irrigated by means of a diversion daa, and Phase 11 is under

construction,

As described above, the development Projects utilizing this
river vwater rescgurces are preseatly linited to irrigation pro-
Jects, and in case Beskonak Project were to be realized, it would

be the first hydroelectriec power development project on this
tiver,

3.2.4 Other Hydroelectric Power Development Projects

Besides the above, the projects in Altalya Province which

are existing, under construction, or being planned, nay be listed
as shown below.
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Aanual

Installed Ener
Power Station Capacity Prodﬁztion Reparks
(k¥) (105 Wh)
¥epez 26,400 180 In operation
Diger Kicuk 1,850 15 In operation
{by Munficipality)
Kunluca-Alakir 1,500 12 Planning completed
Esen-Burgular 11,100 80 Under plaanning
Bolasan 72,000 315 Master plan com-
pleted
Zincirli 16,000 12 Ditto
Esen-Kizilagac 63,000 257 "
Finike-Alakir-
¥ozdere & Cayagei 8,200 78 -
Finike-Basgoz-
Aykirca & Finike 17,400 153 -

As pay be seen from this table, Antalya Province would be

classified as a hydropower poteatial area having cedfun- to

snall-scale potentials coampared with the large hydropower poten-

tial areas of Eastera Turkey and the Black Sea €oast Reglion. As

previously centioned, hovwever, sicce this region has favorabdle

ezetegrological conditions, hydroelectric power development are of

extrene importance for securing the supply of irrigation water at

the sace time.

becore stronger in the future.

The necessity for development will therefore

An outline of the water resources

developzeat program in the Province is shown in Fig. 3-1.
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3.3 Ceneral Conditions in Project Area

3.3.1 Yorphological Features
Topography

The project area consists generally of hills and nountainlands.
Hajor peaks within the area are Ht. Anamas (2,337 m), Ht.
Pipoyraz (2,980 m), Ht. Dolup (2,033 @), Ht, Bozburun (2,504 n),
and Kt. Kexiz (2,020 m), 311 of these comprising vatersheds.
Consequently, there are few plalns, and the areas are spall. The
largest plain on the left-bank side is the Sagirin Plain, while
that on the right-bank side is the Bucak-Akbas Plain.

Rivers and Streans

The KEprﬁcay River rises from the western foot of Kt. Ananmas
(east of Lake Egridir), flows south and perges the Oluk-kopru
Springs. Llater, it is joined by the tributary Kocadere froa the
west, and by the Sagirin River from the east. It then flows
through the Serik Plain and in the end flows into the Mediterra-—
nean Sea. The Koprucay River has a total length of 156 ka and a
catchment area of 2,498 ka2, and an ananual average runoff of

3,200 x 100 a3, It is a major river ia the province.

3.3.2 Katural Conditioas

Geologz

Sedireantary rocks of the Miocene Epoch are distributed at the
dansite and the reservolr area of this PFroject. These sedimen—
tary rocks consist of Keprudcay Conglomerate and the Baskonak
Formation. Xopricay Conglozerate 1s malnly distributed at the
right bank of the XKopricay River and at the dam site, and has
been subjected to karstification. The Beskonak Formation is
chiefly distributed at the left bank of the ¥dpricay River and is
iepevrceable or seal-impermeable. The Koprucay Conglocerate and

the Beskonak Foreation are interffingered. These sedirentary
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rocks indicate a simple geological structure with bedding planes

dipping 10 - 15 deg. toward the valley at both banks of the
¥opriicay River.

The preminent faults which have been conffrmed up to the present
are malnly distributed outside the reservolr area, but there i3
one proainent transverse fault upstrean of the damsite. These
principal faults had been formed froa the Late Hiocene to
Pleistocene Epochs acconpanying upthrusting in late orogenic

movenents,

Earthquakes

Turkey belongs to the Alpine-Himalayan Seismic Belt, and in the
past there have been observed earthquakes caused by the
Hediterranean-European Alpine tectonic action, However, the pro-

ject area is considered to be a region with little possibility of

earthquake occurrence.

Heteorology

Concerning the ceteorolegy In the project area, it will be
described in Chapter 6,

3.3.3 Soecial Conditions

Population

According to the census of 1980, the population was 4,609 1in the

project area. The breakdown is as follows:

Beskonak {sub-district center) 1,243
Bucak Village 516
Akbas Village 1,079
Sagirin Village 1,771

Population growth in rural areas s extremely slaw and there are

years when decreases have occurred. This shaws that there is a
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strong trend existing for oigration from rural to urban areas,
Culture

There is at least one elementary school in each of the villages
in the project area, while at Beskonak there is also a secondary

school. The general level of culture is not very much different
from that of other areas.

Hygiene

The population in the project area has a good state of hygiene
and there is no outbreak of contagious diseases at Preseant.
Hospitals are located in Serik, Manavgat and Antalya, while there
is a hygienic center at Beskonak,

Transportation and Comzunications

A national highway {asphalt paved), conrecting Antalya with
Hersin and Adana, Passes approximately 28 ko to the south of the
Beskonak damsite. Therefore, this national highway would be uti-
lized over the 45 ka fron Antalya to Serik, and turning lefr at
Serik the highway (asphalt paved) between Tasagil and Beskonak
would be travelled for 26 ka, after which the 2 ka to the Beskonak
dazsite would be a gtavel rvoad.

PIT services providing telephone and telegraph comzunication are
available at Beskonak Village.

3.3.4 State of Economlc Activity

égrlculture

Agriculture is the principal industry tn the project area. The
great part of agriculture consists of dry faraing utitizing rafa-
water, but there are faraland areas along the Koprucay River
which have irrigation faclifties. A praoject with an organized
irrigation systeam is the Bucak-Akbas-Karatas Irrigation Project

-1



(Project area 2,100 ha, frrigated area 1,500 ha) spread out on
the Bucak~Akbas and Sagirin Plains. The main agricultural crops
of districts with frrigation facilities are cotton, cereal
grains, vegetables, wmelon, watermelon, sesame, etc. While wheat,

barley, sesane, etc., are cultivated at dry areas.

Hining and Manufacturing

Hanufacturing industries have not yet developed withian the pro-

Ject area, and theve is no mining,

Trade

Trade within the project area wmainly involves agricultural pro-
ducts. The trading ceoters are Serik, Maravgat and Antalya.
Consequently, agricultural products of the project area are
hauled to these centers to be bought and sold. Cotton, cltruses

and vegetables are shipped to other regions of the country, and

are also exported.

Tourlsm

Tourisn resovrces of international level exist to the north and
south of the project area. To the north there are the Zerk Ruins
at the upstrean end of Beskonak Reservolr proposed ia this Report
and also the Dluk Kopru Springs, while to the south there fs the
Aspendos Theatre.
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CHAPTER 4  PRESENT STATE OF ELECTRIC ENTERPRISES

4.1 Present State of Electric Power

Electric power development in the Republic of Turkey s proceeding
steadily, and particularly, great effort is being expended in hydropower
development as a part of the econonmic reconstruction program. However,
since the first and second oil crises, the worsening of the inter-
national balance of payments has affected the situation and the growth
in installed capacity has been slowed down for the past three or four

years.

Fig. 4-1 shows the transitions in installed pover geaerating
capacity and total electric engergy production in the Republic of
Turkey. The total iastalled capacity as of 1980 was 5,300 MW with the
conposition of facilities 60Z therral and 40% hydro.

Heanwhile, the annusal electric energy production was 23,300 GWh,
of which 491 was froa hydroelectrie power generation, showiag that water

pover resources were belng effectively utilized.

The per capita energy production of the country was 520 k¥Wh,
which cannot be said to be on the high side for a per capita level,

but the high growth rate in energy production has been indicated, and
the 10-year average is exceeding 103.

It is thought that these trends have been due to increase in the
ratio of electrification in the country besides the Econoaic
Developzent Plaas (lst to &4th) inttiated in 1963,

Both the rapid growth in electrlc energy consuaption and the

slowing down in power developnent have resulted in a shortage of

supply capablility makiag it necessary for electric power to be
imported.

Electric power leported from Bulgaria and the Soviet Union in
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1980 amounted to a total of 1,3G0 GHh, In spite of the ifmported
power, the shortage in power supply could not be elfminated and the
average grovwth rate during the three years from 1978 to 1980 had been
held to about 4.2%. Mowever, the potential power demand is still
strong, and it is forecasted that there will be a growth fn power

demand in excess of 12X with the Ffuture economic recovery.

in order to cope with this growth in power derand, an expansion
progran of electric power sources is being implemented. According to
the progranm, the fnstalled capacity would be expanded to six times the
present by 1994,

Effective utilization of domestic resources is also being con-

sidered, and emphasis is belng placed on developzent of hydropower and

lignite thermal.

In particular, it is noted that the ainm is to raise the propor-
tion of hydroelectric power generation in the total capaclity in 1994
to 50%,

According to the expansion program, a group of large-capacity
pover statfons such as Karakaya-hydro of 1,800 MW, Altinkaya-hydro of
700 MY, Oyzapinar-hydro of 540 MW, and Elbistan lignite-fired thermal
of 3,160 ¥ {(ultieately 5,560 M4) are planned to be completed in suc-
cession. In 1992, it is planned for the first nuclear power station

(1,000 ¥H) to go into operatfon,

However, in the cost receat several years, sufficlent supply
capability to satisfy growth in denand has not besn added, and it is
thought that the shortage in electric power supply will continue for

several more years.

The proportions of electric energy consumption in 1979 by type
of custoser were 65Z for mining and manvfacturing, 33% for agri-
culture, conzerce and ovdinary residential use, and 2% for transpor-

tation. These proportions have not changed very much in the past 10
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years,

Practically almost all of the transnission system has been
interconnected {n Turkey, with about 4X of the whole rezaining in the

form of isolated systems,

The principal networks are composed of 380 kV transmission lines
(2,900 ka), 154 kv (14,200 kn), and 66 kv (2,500 kn). Yoltages of
66 kY and 34.5 kV are adopted for local transmission iines,

Transmissfon line networks of 34.5 kV and under are said to
. @mount to a total length of approximately 100,000 ka, Thege networks
are being expanded annually in a steady panner, but there is stiil a
considerable number of unelectrifiag villages in provincial rural

areas.,

The electricity tariffs in the Repubiic of Turkey as of Deceaber
1982 were according to the following two systeams of (1) and (2). A2

customers are allowed to select either one of the tariffs,

(1) Double Term Tariff Systen

a) Power base tariff: 350 TL/kW (=onthly)

b} Energy base tariff: 6.04 TL/kWh

(2) Single Term Tariff Systea: 7.19 TLfkWh

These tariffs, however, would be subject to revision due to

variaticns in import prices of oiil.
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Fig. 4-1 Instalied Capacity and Energy Generated
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4.2 Rlectrical Entrepreneurs

Electric power adainistration in the Repudlic of Torkey is under

the jurisdisction of the Miwnistry of Energy and Katural Resources.

The greatev part of the electric eaterprise is made up of state-

owned systess, and these are opevated by the Turkish EBlectricfity

Authority (TEK). In additfon, there are the Power Resources Surveying

Adainistration (ELIE) and the General Directorate of State Hydraulic ~

Works {DSI) which are concevned as goveronent agencies.

EIE is an organ for making surveys and formulating plans for

electric power development. EIE carries out investigations of develop-

cent sites, scales, and timings ie consideration of future power
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demand and supply,

DSL is an organ established in 1953 with 28 regional offices
throughout the country and is in charge of construction and operation
of faclifties for flood control, {rrigation and drainage, and, in
addition éonstruction of hydroelectric power plants, With regard to
hydroelectric power projects, there are cases where DSI inplements

thea independently and cases when EIE participates in the survey
stage,

TEX 15 an electric power supplying organ for construction, mpain-
tenance and operation of thereal power stations, nuclear power sta-
tions and transmission lines, and for ewaintenance and operation of
hydroelectrlc povwer stations constructed by DSL. Of the entire power
generating capacity in the Republic of Turkey, 80% is operated by TEK.
The recaining 207 consists of cunicipally-owned power statfons and

plants operated by private enterprises.

Power distribution is earried out in the three forms of areas
directly handled by TEX, areas handled by municipal organizations
supplied with power by TEK, areas supplied by Electricity and Cas
Services in suze cozmunities. Since the service areas of these three
fores overlap at places, there is an Inftiative being taken for
distribution work to be unified.

4.3 Present State of Electric Power Supply Pacilities

The major power stations in the Republic of Turkey are listed in
Table 4-%. ‘The annual trends in fnstalled power generating capacity

are shown in Table §-2, and capacity has increased by 2.4 tices during
the past 10 years,

Of the installed capacity, the varlation in the proportion wmade
up by hydroelectric power generation is shown in Fig. 4-2, and with
hydroelectric power generation conprising 40X (2,131 M¥) of the entire
capacity in 1980, it plays an extrenely laportant role in power
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supply. Also in the future, from the standpoint of conserving forelign
currency, 1t is expected to promote the development of hydroelectric

and lignite-fired thermal.

Fig. 4-2 Perceatage of KRydraulic Power Stations
in Total Installed Capacity
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As previcusly wentioned, the major transnission lines in the
Republic of Turkey are 380 kV and 154 k¥ although there is partial
adoption of a voltage of 220 kV for the tieline with Bulgaria. A list

of the major transalssion lines is given in Table 4-3,

The Keban-Golbasi and Golbasi-Uaraniye lines are major
transmission lines running threugh the ceatral part of Turkey with
total leagth of 900 ka and are the erain arteries connecting the power
sources atreas located In the east and the large power consuaption

areas In the west.
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At present, a plan is befng fmplemented to further strengthen
these 380 kV trunk transmission lines on the Black Sea side and the
Mediterranean Sea side.

The annual trends in lengths of transmission lJines and distcibu-

tion lines by year are given in Table 4-4.

v



Vs

1
S ) Ly To3any
< 01 $'y PRI 09 7Y DTENUTN="N" T "N N
13 i 71 agAung 8¢ 82T apyod=ToUIN]
61 12 09 aT303nK 0L 77712 oSy
62 Se g9 atzTs <L <Y 5des3y
078 006 052 nTan3neuesey 0cc 09 ITWOPST
A %1 9% 1F3uy &n 7797 *1°9 ump - TI8ug
0¢T 097 797 zodoy <t ¢T upmiey - ovdy |
06¢ ZT9 CIA T=1 ATourpeN £9 7'97 upaeIeg - THIS
062 05¢ 0% LA T 7T IIWSY = TAOS |
P92 82 VAR XTPTLD 0€T 0z II@IPIY
L rvnty 8Lty 09 ueqoy 066 cor 1-g ouog
98 L6 2792 umlor 09 YA Anqraey
82¢ 16" 091 avdraeg 00¢ 90T LS AR
ovt L6T 965 =1 BpUAGY 06 o¢ ‘L' sezey
P29 Tl 8% AU 09% 0zt 5o vioyry |
01T $e1 9 nIQOANTSOY 004z 0cy 20003 143G
P78 96 1787 OARPLIAT 0zt 0zT 19 arydsyplog
7T |7 10¢ ¢=T 4VZTH 06 0t ‘19 vaculog
8L1 143 96 TIVEIATH 2T¢ 0¢ vdon
119 $n9 "84T cAURDINQD 608"t 089 TTXOqUY |
8¢ §9 9°0T NENO0 $%9'2 627 g + YV ®9TFqduny
. 66 %21 828 auajueioq e "y Twos
Y 9wl 69 nadoxyazuag 748 | 671 TzfTTCa0) |
i 82 | 6€ 791 Red - ded 0ty u $ 78 X03YCTTS |
Sy | ¢8 tz SRUTY 76T ¢ Lt ATz Y
W T H VAT IDAY (MR A3TOUDAULD (UMD) poavadvDn (M) A3toodu) |m
F (UMD ) POITAoN0D ASAOUT PATTTISUL dumy A8 zoufy POTTTASUT suTN !
i KAV AOMOZ OTTNUJAPAH | BIUNTE JOMOJ TTWIAYL u

WOTITANAQ UT wIuutd 20mM0g AOfCH T-H OTQCL



V2T AR TET L £6T¢E 89041 652 602 9TZ " L84 Vi Dot 0867
6TT S TET‘T 886°2 890°T 657 608 TS0y 48T 6LT°2 6L6T
698" 1881 886°2 5901 652 608 T08°¢ TT9°T 6L1'2 867
LTy | €L8°T 78T 701 652 €84 $89°¢ 7191 TL0'T LL6T
7oLt H £i8*T 1672 646 , 652 02Z¢ 13- 19T TLL°T 9.61
L8TIY 08L°T L0%*T 156 662 869 o€z ¢ 1281 604°T SL6T
ZeL'¢ 69791 £82°2 668 662 o%9 £€82 06T°T 99T 7L6T
T6T'€ $86 L0z'2 LY8 £02 7h9 Sve'e z8¢ £9c“T £L6T
ITL'T £68 618°'T VA% €02 T€9 248°T 069 88T4T TL6T
846'7 2.8 0L 718 £02 119 79L°T 699 S60°T TL6T
XA A €zL 0TS*‘T L 72 evT 609 L8Y'T 286 $06 0L6T
L96°T V¥4 92 T £98 AN 12¢ 90Tt 78¢ 449 6967
L96°T £2L VA XA 898 94T t£AA 660 T LLS A4 8961
656°T z0L LeZ°T 088 ent SEL 6L0°T L8S 449 L96T
9991 9T9 8201 L8 SHT 9TL £LL LY z0t 9567
06%°T $0¢ 313 8T8 YT £89 Z99 09¢ 20¢ 96T
IV L6% 126 828 w91 789 06¢ £$¢ L2 v96T
T8€°T 8Ly £06 764 CTA 999 685 8¢ LEZ £961
TLE°T oLy 106 98/ 1A 799 $3¢ gve LET 96T
9ZTe T Soh 6.8 68 L6 %9 :14 8%¢ 182 1967
L't AL 098 %04 18 €z9 89¢ 16¢ LEZ 0961
pict1-AA orTneapdy TEWIDYTL TeIoL DTTORIAPAN TeWADYL TT30] PPINCAPAY TemIayy
Ieal
TTIey sxoya0 Lq posexndp N31 Aq poavIodd
M H=§ 24y

d37ovdey Buraraouvsy poTTCISUY Z-n dIqel

v9



Table 4-3

Major Transmission Lines In Operation

Nane Nominal Length Conductor
I 7 ~ Yoltage (kV) {kn) {HCK)
Keban ~ Golbasi 350 546 (chtrzjfts)
Golbasi - Gokcekaya 3180 167 2 x 954
Gokcekaya - Uaraniye 380 216 2 x 954
Golbasi ~ Unraniye 380 355 2 x 954
Gokcekaya - Seyitdmer 380 112 2 x 9%
Seyitoner - Isiltar {Izair) 380 265 2 x 954
Seyitorer - Seydisehir 380 295 2 x 954
Adapazari - Eregli 380 108 2 x 954
Tuncbilek — Seyitizer 380 42 2 x 954
Babaeskl - Dough Meric 220 17 2 x 954
Table 4-4 Transaission and Distribution Lines
. e Init: %kn
ransmission Lines

Year ] . | 1saxv [ s6v | totar P e o Totat
1962 - 2,166 1,024 3,190 2,432 5,622
1967 - 4,129 1,870 5,999 6,071 12,070
1972 355 6,010 2,426 8,801 44,861 53,662
1977 2,684 10,7248 2,481 15,913 70,583 86,496
1978 2,856 12,527 2,490 17,873 17,214 95,036
1979 2,8%0 13,677 2,494 19,061 83,714 102,775
1980 2,890 14,189 2,498 19,527 96,533 116,110
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4.4 Present State of Pemand and Supply of Electric Power

The average growth rate in energy generated was 10.4% in the past
1G years, and as of 1980 the enetgy production had becore approximately
2.7 times the production 10 years before. The trends of the total

energy production in Turkey are shown in Table 4-5. The trends of the

proportion made up by hydroelectric power in the total energy produc—
tfon are shown iIn Fig. 4-3, the proportion having been 49 in 1980.

Fig. 4-3 Percentage of Bydrauvlic Energy fn Gross
Energy Geaerated

20— -

1960 1964 968 1972 1976 1280
Year

The trends of monthly maximus demands are 1ondicated in Table 4-6.

Annual paximum demand noreally occurs in Beceaber, but in 1980 it
in Roveaber,

was
However, there are not many differences between the maxi-

nua deaands fa each month and the raximua demand of the minimua month
is in a range of 80X to 952 of the maximuam month.,

The growth rate in
eaxlaum load by year was 10.3Z {n

teras of l0-year average to indicate
a value of the sare level as the growth rate 1a electric eneTgy.
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A typical daily demand is shown in Pig. 4-4, Table 4-7 shows the
annual teends in the demand and supply balance of the power system of
TEX, Table 4-8 indicates the total energy generation from 1978 to 1980

classified according to type of energy resources,

According to the demand and supply balance sheet of TEK in 1930,
3.8% of the total energy supplied was foported from Bulgarfa, and 3.0%
fron the Soviet Unien, while 0.7% was supplied from other companies.,

The transmission loss rate was less than 6.1% indicating that a world
level is befag malntained.
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Fig.4-4 Typical Daily Demand Curve
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Table

4~7 TEK's Energy Balance

Year 1977 1978 1979 1980
fg&;i Ceneration 17,230 17,968 18,934 19,414
gg:zzﬁgt:g; Eg;ﬁ;“al 985 1,060 1,117 1,074
?E;hfe“efa‘1°“ 16,245 16,908 17,817 18, 340
fgﬁ;ﬁy Purchased 809 912 1,172 1,484
fgzrﬁztizﬁglzggh;° 17,054 17,820 18,989 19,824
Network Loss (GWh) 841 923 1,033 1,200
(1) (6.9) (5.2) (5.4) 6.1)
fgﬁ;%’ Sold 16,213 16,897 17,956 18,624

Table 4-8 Distribution of Electrical Fnergy Generated

Year 1978 1979 1980
G¥h )4 Gvh 4 G¥h F 4

Thermal Power Plants 12,361 57.0 §132,218 S54.2 | 11,927 51.2
Coal 1,207 5.6 1,067 4.7 912 3.9
tignite 4,382 20.2 5,356 23.8 5,048 2.7
o 6,712 31.2 5,795 25,1 5,967 25.6
Hydraulic Power Plants | 9,365 43.1 10,304 45.8 | 11,348 48.8
Total 21,726 100 22,522 100 23,2715 100
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CHAPTER 5 DEMAND AND SUPPLY FORECAST

5.1 Demand Forecast

The contents of this chapter consist of the three items, such as
outline of the demand forecast made by TEK in 1977, long-range fore~

cast made by the macroscopic method, and results of studies,

It is thought the operation of the Beskonak project will becore
possible only in the early or middle part of the 1990s. Consequently,
a long-range forecast until the Year 2002 has been eade, where 1t will

"be possible to consider the trend of powver demand in the years around
that tire.

5.1.1 Demand Porecast by TEK

TEX published fn December 1977 a report entitled "Electrical
Energy and Power ¥stipates of Turkey (1978-2000)", edited by the
TER Planning and Coordination Department.

This report perforged a long-range demand forecast for a 23
year period from 1978 o 2000. This period was divided into
first and second one. For the first perfod a Systen was adepted
based on custorers and aggregating energy consuaption, while for

the second the denand was conputed based on the gross energy

generation.

(1} Estications for First Period (1978-1981)

The electrie energy of this period is forecast based on
custooers. The classifications of the various consusption groups

and the method of estination are stated below.

(a) Trend values adopted for custorers in general and

edfun to snmall enterprises

V-1



(b) Planned values adopted for large enterprises, public

organs, frrigation facilities, power for project

construction

In making this forecast, a total of 8% s taken into account

as station service consumption and transmpission losses,

A variation fron 8% to 9% was recognized fn the past, and it
is assumed that by introduction of modera power stations and a

380 kV transmission systenm, this can be stabilized at approxima-
tely 8X.

(2) Estireations for Second Period (1982-2000)

The following equation is derived both from the actual
records of gross energy generation from 1963 to 1977, and fore-
cast values caleculated for Flrst Period(1978 - 1981),

Y = 4.7 X3+ 105 X2 + 1,340 X + 11,000
where,

¥: annual gross energy generation (G¥h)
X: year of estimation with 1972 as zero starting year

Estieation for second perfod is perforced by use of the

eguation.

{3 Estirations of Haxlmun Depand

The load factor is forecast to te 64% in view of past per-

formance, and mpaxiwun demand for each year is calculated by the
equation below.

Prax ! ©vaximun deaand (MW)

E; : annual gross energy generated (MWh)
load factor (= 0.64%)

—
L]
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{4) Results Obtained by 18X

The demand forecast made by TEK may be said to be obtafined
by a composite of micvoscoplic and wacroscopic techniques whep
seen for the entire forecast period.

Table 5-1 shows the results of demand forecast made by TEK,
The average growth rates In enexrgy generation are shown in

Table 5-2 for every five years,

As is clearly seen in Table 5-2, the increase has slackened
since 1977, but irf energy generation fs increased at this degree,

the per capita energy generation will becone 3,140 k¥h fn the
year 2000.

V-1



Table 5-1 Results of Pemand Forecast by TEK

Gross Energy Haximun

Year Generated Demand
. . (GHh) (HH)

1978 24,400 4,350
1979 27,600 4,920
1380 30,900 5,510
1981 34,300 6,120
1982 39,500 1,040
1933 44,600 7,960
1984 50,200 8,950
1985 56,300 10,040
1986 63,000 11,240
1987 710,400 12,560
1988 18,300 13,960
1989 86,900 15,500
1390 96,200 17,160
1991 106, 200 18,940
1592 117,000 20,870
1993 128, 500 22,940
1394 140,900 25,130
1895 154,000 27,470
1996 168,000 29,970
1997 182,500 32,620
1998 198, 800 35,460
19%9 215,500 38,440
2000 233,200 41,600

v




Table 5-2 Average Growth Rate of Energy Generated

1962 - 1967 1i.8
1967 ~ 1972 12.6
1972 - 1977 13.7
1962 - 1977 i2.7
1977 - 1932 13.0
1982 - 1987 12.3
1987 - 1992 10.7
1992 - 1997 9.7
1977 - 1997 11.3

Table 5-3 shows the trends of per capita energy production

for the forecast period. The population growth rate to be the
basis is taken to be 2,52 annually,

Tale 5-3 Energy Generated per Capita

P 4 Energy Growth
P;:?:E Generated Populatfon k¥Wh Rate
{G¥h) (103) ()
End of 1982 39,500 47,600 830 10.3
End of 1987 70,400 53,900 1,306 9.5
End of 1992 117,006 61,000 1,918 8.0
End of 1997 182,900 69,000 2,650 6.7
‘_l_'—‘-——___‘__h—'



5.1.2 Dbemand Porecast by Macro-Method

Hacroscopic techniques fnclude a technique using time series
trend curves and techniques utilizing correlations with GNP, In

this report a demand forecast based on GNP was attempted,

) Pemand Forecast Based on GNP

It has been established statistically that there is a corre-
lation between the energy demand and the natlonal econony of a
country., Particularly, it has been clarified that a fairly good
correlation exists between GNP per capita and kWh per capilta.

There are many cases of depand forecasts cade by macroscopic
techniques utflizing this correlation. A long-range forecast of
energy demand was made using this macroscople eethod. The indi-
ces, basic conditions, etec., used in the study were the

following:

{(a) CGuiding Principle of Study and Statistical Indices

"New Hethod of long Range or Very Long Range Demand
Forecast of Energy Includiog Electricity Viewed froa
Woridwide Standpoint,” Edited by EPDC

(b) Period of Forecast: 25 years (1978-2002)
{c} Calculation Conditions

As shown in Table 5-4, growth In GNP has stagnated fn
recent years due to the effects of the oil shocks and the

pace of electric power developzent has also slowed down.

As a result, growth In desand have been sugpressed, but
this was judged as being a temporary phenozenon. The
starting point of the forecast was taken to be 1977 when the

effects were saall.

V-6



(1) GNP per capita
{1968 base)

540 UsS$ (1977)

(11) Growth rate of GNP per : 4.0% (S5-year average
capita 4.2% for 1973-1977)

(111) ®h per capita 490 kWh (1977)

{iv) Population : 41,768,000 (1977)

{v) Population increase rate: 2.4% (S5-year average
2.4% for 1973-19771)

Derand forecast was perforced based on both the corre-
lation between GNP per capital and its growth rate {sece
Fig. 5-1) and the correlation between GNP per capita and kWh
per capita (see Fig, 5-2).

{2) Yorecast Results

Table 5-53 indicates the gross energy generated each year
obtained fron Table 5-4, Fig. 5-1 and Fig. 5-2. The forecasts of
maxiomun demands were calculated from gross energy generated based

on the load factor of 64% predicted by TEK,

V.7
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Fig.5-2 Correlation between per Capita GNP
and per Capita Energy

Per Capita Energy Generated ( kWh)

Per Capita GNP (US $:1968 Price)
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Table 5-5

Results of Demand Forecast by Macro-Method

Gross Haximun
C ta GNP Capi k
Per Capita Per Capita kWh | Population Energy Generated | Domand
Year Growth Uss Growth Growth
Rate | (1968 kWh | Rate (103) Gih Rate (¥W)
(%) Price) (%) (%)

1977 4.2 540 490 10.3 41,7638 20,565 12.8 3,376
1978 4.05 562 520 42,7170 22,200 4,000
1979 4.05 585 510 43,800 25,000 4,500
1980 4.05 608 610 4£4_850 27,400 4,900
1981 4.2 634 650 45,920 29,800 5,300
1982 4.2 650 7120 47,9030 33,900 6,000
Average 4.1 8.0 (2.4%) 10.5

1983 4,2 638 780 48,160 37,600 6,700
1984 4.2 717 820 49,310 40,400 7,200
1985 4.3 748 200 50,490 45,400 8,100
1986 4.3 780 970 51,710 50,200 9,000
1987 4.3 814 1,030 52,950 54,500 9,700
Average | 4.25 1.4 (2.4%) 10.0

1988 4.3 849 1,100 54,220 59,600 10,600
1989 4.3 885 | 1,200 55,520 66,600 11,900
1990 4,3 923 1,260 56,850 71,600 12,800
199% 4.35 963 1,360 58,220 79,200 14,100
1992 4.35] 1,005 | 1,450 59,610 86,400 15,400
Average 7.1 {2.4X) 9.7

1993 4.3 1,048 1,510 61,040 92,200 16,400
1994 4.3 1,094 1,670 62,510 104,400 18,600
1995 4,3 1,141 1,780 64,010 113,900 20,300
1996 4.3 1,190 1,880 65,550 123,200 22,000
1997 4,3 1,241 {2,000 67,120 134,200 23,900
Average | 4.3 6.6 (2.42) 9.2

1998 4,2 1,293 | 2,100 63,730 144,300 25,700
1999 4,2 1,347 ] 2,250 70,380 158,400 28,300
2000 4.2 1,404 2,400 12,070 173,000 30,900
2001 4.1 1,461 | 2,520 73,800 186,000 33,200
2002 4.1 1,521 | 2,700 15,570 204,000 36,400
Average | 4.15 6.2 (2.41) 8.7

V-11




5.1.3  Results of Study

A comparison of the forecast made by TEK and that by the
nacromethod is given in Table 5-6 and Fig. 5-3,

Table 5-6 Comparison of Demand Forecasts

" By TEX By Macro-method Difference
Period Growth Growth
{Year) Gdh: Rate GWh: Rate {c): Xz
{a) (%) (b) (%) (a)-(b) | (c)/ (=)
End of 1977 | 21,400 13.72 20,565%% 12.84% 835 3.9
End of 1982 | 39,500 13.0 33,900 10.5 5,600 14.2

End of 1987 | 70,400 12.3 5%, 500 16.9 15,900 22.6

End of 1992{ 117,000 10.7 86, 400 9.7 30,600 | 26.2
End of 1997} 182,900 9.3 134,200 9.2 48,700 | 26.6
End of 2000 233,200 173,000 60,200 | 25.8
1977 - 2000 10.9 9.7

Note: *) Estinmated %%} Recorded

As is clear in the table and graph, for gross energy
generated by year, the results of the Bnacroscopic method are

lower, and there is the largest difference of 26.6% for the year
1397,

It 1s considered that the differeace between the two were
due to the following:

(a) As the energy production of 1977 serving as an initial
condition for the forecast, TEX adopted an estimated

value, whereas the macro-method took actual values.,
(b) With regard to the future population increase rate, TEK

used an annval rate of 2.5%, while the eacro-pethod

used 2.4% taking into consideration the trend of

V12



decline in the population increase rate in recent

years.

(¢) As the per capita GNP growth rate to be an initial con-
ditton of the forecast by pacro-method, the situation

in the past two or three years was taken Iinto account

and 4.0% was used.

Concerning growth rates by both methods, there is not wmuch
difference between the two, The average growth rate for the 23

years to the year 2000 is 10.9% according to TEK, while that by
the pacro-pethod is 9,7%.

The correlations shown in Figs. S5-1 and 5-2 have been
established based on the present and past conditions in the

Republic of Turkey, and with worldwide trends as indices.

The ratio between the growth rate in GNP per capita and the
growth rate in k¥h per capi&a of the Republic of Turkey, nazmely,
the elasticity coefficient, indicates a very high level. This
signifies that growth rate of electric energy consusption fs at a
higher level compared wih tate of economle grovwth. However, it
was forecast that per capita electric energy, afrer attaining a

certain level, would gradually be converged to the worldwide
growth rate,

V-1



Energy Generated (GWh)

Fig.5-3 Comparison of Demand Forecasts : Energy
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3.2 Denand and Supply Balaace

5:2.1 Energy Supply Plan

The theorettcal hydroelectric potential of the Republic of
Turkey 1s said to be 455,000 Gwn annually,

of which the annual

electric energy of economic developable projects are fadicated in

Table 5-7, and as of the present

of 64,074 GWh and average epergy of 90,606 GWh.

Table 5-7 Total of Rydraulfc Power Plant Projects in Turkey

» the evaluations are firn enargy

-
Energy Generated
State of Nusber of Capacity (M) (GHh)
Froject Project Installed Average | Continuvous Average | Firm
In operation 44 2,131 1,170 325 10,253 8,107
(7.92) (1L.32) | (22.72)
Under Con- 18 4,154 1,672 1,080 14,651 9,460
struction (15.4%) (16.22) (14.82)
Final Desigan 26 4,483 1,712 1,400 14,977 | 12,264
(16.63) (16.52) | (19.12)
In Planning 20 3,871 1,213 967 10,631 8,471
Stage (14.43) (11.72) 1 (13.23%)
In Master 202 §2,331 4,517 2,942 40,094 | 25,7272
Plan Stage (45.7%) (44.3%) | (40.2D)
Total 310 26,970 10,344 7,314 90,606 | 64,074
(1002) (100%) | (1002)
] ]

The power developuent plans fron 1981 to 1994 are indicated

in Tables 5-8 and 5-9.

the demand forecast by the pacro-method.

In the eveat these plans are realized
capacity in
27,900 MW,

» the total installed
1994 will de 5.3 tines the present and wilt reach

These plans are based on the plans of DSI
and TEX and slightly cut back te be ian step with the results of



The firm encrgy In 1994 will be 5.1 times that at preseat,
to be Increased to 109,100 cwh. Accordingly, the installed
hydroelectric capacity will be approximately 7.1 times the pre-
sent capacity., As a result, as shown in Fig. 5-4, 55% of the
entire facilities will be made up by hydro.

The effective utilization of hydraulic energy will be
loproved year by year (see Fig. 5-5). In 1994, 60Z of the energy
possessed by developable sftes will have been realized., Thus

hydro will be utilized as precious energy resources.

The eajor hydroelectric power stations presently being
constructed are listed in Table 5-10.
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Fig. 5-4 Ratio of Hydraulic Power Stations in Total
Instalied Capacity { Forecast)
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Table 5-10

Hajor Hydraulic Power Plaats under Construction

Installed

Energy Generated

(G¥h) Year of
Project Capacity

(HH) Average Fira Comnissioning
Keban -
(21 - 8) 1,350 6,220 4,460 197& 1982
§. Uguriu 46 273 206 1982
H. Ugurlu _
(21 - &) 500 1,297 820 1980 - 1933
Aslantas
(#1 - 3) 138 569 360 1384
Gymapiaar _
(51 - &) 540 1,620 482 1983 - 19384
Karacabdren
(#1, 2) 30 142 84 1984 - 1985
Adiguzel 60 280 150 1986
Kokliice 90 588 376 1986
Kapulukaya
(%1 - 3) 51 150 150 1986
Altinkaya _
(31 - &) 100 1,632 1,334 1986 - 1987
Gezende 150 528 130 1987
Menzelet
(#1 - &) 120 334 192 1987
Kilickaya
(#1, 2) 120 332 236 1987
Karakaya _
(1 - 6) 1,800 7,354 65,278 1986 1989




5.2.2

Desand and Supply Balance

Fable 5-11 indicates the balance sheet of electric energy up
to 1994 predicted from the forecast results by the macro-method.
The general trend of demand and supply are graphically indicated
in Figs. 5-0 and 5-7.

As is clearly seen in the table and graphs, a shortage in
energy supply was especlally propinent from 1981 to 1985, and
actually, the electric power situation will be fairly tight.
However, 1f the present development plans proceed smoothly, from
1986 it will gradually become possible for electric pover to be

supplied stably with a fair amount of allowance.
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CHAPTER 6 HYDROLOGY

6.1 Outlines of HBeteozology and Hydrology

The Beskonak project is located approximately 40 ka from the
mouth of the Kopriicay River with a catchzent area of 1,980 kn?2, 1t
takes up about 80% of the Kdpricay River basin.

The annual runoff at the project site is 2.63 x 109 n3 and the
annual avarage precipitation is 1,100 o for the catchment area. The
specific runoff per 100 ka? 15 4.22 n3/sec and it i1s rather favorable
vaiue than another sites in Turkey. The annual gean temperature at

Antalya is 18.6°C, the number of days of rainfalil being about $0 days
through the year.

6.2 Runoff Gaugtng Stations and Keteorological Gauging Stations

There are 6 runoff gauging statfons in the Koprucay River basin,
the three of which, Bulasan, Kisik and so on, are preseatly not in
use. There are numerous neteorological gauging stations in the
Kgprﬁcay River basin and its surroundings. At Antalya station, preci-
pitation, air temperature, humidity, evaporation, vapor pressure,
wind, inselation tige, etec., are being rmeasured. Praecipitation is
being measured at Gl gauging stations headed by Serik and Beskonak.
The locatfons of runoff gauging stations and ueteorological gauging
stations are shown in Fig. 6-1,
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Fig. 6-1

Run-off G.S. & Meteorological G.S. in Képriigay Basin
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6.3 Estimation of Runoff at Project Site

6.3.1 River Runoff

The catchrient area of the Begskonak project site 1s 1,980
ka? according to a 1/25,000 scale topographical map. The catch-
meat area of Beskonak gauging station is 2,072.8 kn? (January
1950 - Septenber 1962), 1,960.8 kn? (Ocrober 1962 - Saptenher
1963), and 1,942.4 ka? (October 1963 to date}. The catchrment
avea ratios of the gauging station to the Project site ave

104.7%, 99.0% and 98.1%, for the respective periods.

The Oluk-kGprii springs of about 2 kn long are located
approximately 15 ka upstrean of the dan site. According to the

studies in the past, it was reported that the voluze of springing
was estimated to be at least about 30 a3/sec during dry season,
and to be t¥o or three tirces during rainy season. Due to these
springs, a distinct correlation does not exist between precipita-
tion in the catcheent area and the river discharge. Strictly
speaking, in computation of runoff at the project site, it should
be considered that resources of river discharge be separated fnto
spring water and runoff due to precipitation. Mowever, since the
catchment areas of Beskonak G.S and the pProject site are alwost
the sane, the ryunoff estimations at the project site were per-

forred by using the catchment area ratio without overestipating
the spring volume.

6.3.2 Applied Runoff Gauging Station

The runoff data (monthly) at Beskonak C.S used for coamputing
the discharges at the dan site are shown in Appendix A-2,

6.3.3 Period Considered for Runoff Estimation

Observations have been perforeed since Jan. 1940 at Beskonak
G.S. It was judged that the runoff data (Jan. 1940 - Sep. 1940)
were not reliable coopared with another data. The data were not
applied in runoff estimation.
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It was decided that a period as long as possible was adoted
for runoff estimation, and the perfod for estimation was selected
to be the 40 years from Oct, 1940 to Sept. 1980,

6.3.4 FRunoff Estiemations

The runoff at the dam site was computed by the equations
below according to the method based on the catchrment area ratio,
in addition, taking inte consideration the Degircenczu-Beskonak
and Yilanli frcigation projects (intake: 3.10 n3/sec, intake
period: June - September) shown in Fig. 9-1.

R*Qgcs 3 {Oct.l - May 31)
QBeskonak =
R*Qpgg - 3.10 ; {(Junme 1 - Sapt. 30)
where,
0.955 : Oct. 1940 - Sept. 1962
R =411.010 : Oct. 1962 - Sept. 1963
1.019 : Oct. 1963 -~ Sept. 1980

QReskonak - Tunoff at Beskonak dan site

QB@BGS

R

runoff ar Beskonak gauging station

catchrment avea ratio

The runoffs at the dan site during the 4CG-year perfod fron
1950 to 1930 are shown in Table 6-1,
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Table 6-1 Monthly Inflow at Beskonak Dam Site
vase: 15%a? }
Tear Oct. Xov, Yec. Jan, I‘e'b.__—-ﬂar. Azr. 9‘:;; :1:-; Jul, Aag. Se;. Tsral

341 IEE} 183,43 635.02 STALST MI60S WIGLEL 135,93 DT 163.99 13,37 112.47 11205 3,170.25
1932 18545 G5EO2 AR 435039 G566 656,90 BSALES 235,29 1258 13D.08 11030 93.6%  3.077.92
1343 126.SE BILAL 2003 SBTE 24035 BILY 33BAD 274,63 UFES 12897 ID3.55 - S1.41 2,670.74
118 NG a7 205.87 0 312 519071 SSAT1 BILI2 BP9 20306 155.0  122.9F 19143 3.13.7¢
1353 105.52 159.87  233.73 A3RAT I1.GE 2IRT WIS 976095 990 IsLLos  115.07  93.96 2,%51.97
PR35 355023 #29.33 55133 IIL.02 309.85 3562 33R.0D MNLA2 259.10  185.08  MM7.15 104,33 3,323.35
LT 12131 9133 657.51 3IS.78 63181 27075 219.85  232.62  130.73 93.93 LAk §).%% 2,672,276
1353 72.00 182.3% 42557 ATRLES 65015 235,60 - 255.80  285.03  165.78  13.37 1733 €129 2,179.18
1313 61,82 61.17 33.07  AMLI3 L3S AT NI 235,33 149.83 19249 7138 53.5% 1,935.0%
1930 BRA1 I5.06 12223 102.1D 106.33 162020 BMM.AT 250093 9909  B2.1 52.67 187 153311
B3l SE5E 54032 B3.6% 0 361063 17463 362055 3OOLN7 33046 26003 195.34  151.95  0%5.45 2,535.%4
1952 1885 12,93 BS1.18 243.3% 3750 33601 DINE9 24935 53,62  118.33  S5.60  7.12 2.3£1.45
1953 2131 255.84 1,085,863 85107 A3L31 3295 RIS N2 22963 16285 11332 9517 4,355.93
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6.4 Precipitation

The annual rainfall distribution 1a the Koprucay River basin and
its surroundings is shown in Fig, 6-2,

the project area fs situated in a relatively heavy rainfall zone
in Turkey, and espectally in the vicinity of the dam site annval pre-

cipitation s more than 1,500 an.

Table 6-2 shows the seasonal variation of the annual precipita-
tion in the Kopriicay basin and its surroundings. Approximately one
half of the annual precipitation occurs in the three month period of
the winter (December - February), with the heaviest rainfall of about

220 en ia Jaguary. July and August have the least precipitation with
about 10 cn,

The monthly average rainfalls at the gauging stations ia the
catchzent area and the surroundings are given in Fig. 6-3, the preci-
pitation observation periods in Fig. 6-4, and rafnfall data in
Appendix A-2.
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Fig. 6-2 Isohyetal Map of Annual Mean Precipitation
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6.5 Temperature

Table 6-4 shows the observation periods of gauging stations in
the vicinity of the project site.

Tenperature data (monthly raxinun, monthly ninimum, nonthly

average) are shown in Appendix A-2.

According to the records at Antalya statfon, which iIs located
approximately 70 kn southwest of the project site, the annual.eean
terperature is 18.6°C, the paximua and minuzun temperatures 4%.6°C and

-%5.6°C respectively.

6.6 Evaporatfon

Evaporation newly occuring as a result of provision of the reser-
voir is estimated to be the difference between evaporation fron the
water surface and the evapotranspiration through vegetation prior to

construction of the reservoir.

The observation data of Antalya station were used for conputation
of the evaporation from the Beskonak reservoir. The noathly average
evaporation was determined based on data of the 18-year period fronm
January 1963 to Decenmber 1980. Using a correction factor of (.70 in
consideration of evapotranspiration through vegetalion, the evapora-
tion after construction of the reservoir was obtained. The results
are indicated in Table 6-3. The observation data of eraporation at

Antalya station atre given in Appendix A-2.
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Table 6-3 Monthly Evaporation from Beskonak Reservoir

{unit : anm)
Honth Jan. Feb., | Mar. | Apr. | Hay Jun, Jul.

Evaporation | 51.21} 49,7 70.5 1 88.3 | 114.1]160.8 | 186.0

Honth Aug. | Sept, Oct. Nov. Dec. Total

Evaporation | 167.9]1138.5]1 95.9] 59.6} 52.6 1,235.1

6.7 Sediventatfon

The sedimentation volume was calculated using the suspended load
concentration data at Beskonak 6,8,

Heasurements of suspended load concentrations and runoffs of the
KEptﬁcay River wevre perforeed by bSI for a total of 123 days during
1969 - 1980, and according to the measurement records, the maxinum was

1,391 ppn, the einfiwun 2.5 ppa, and the averge 112 ppm,

Fig. 6-5 shows the correlation between suspended load con-
centration and river runoff expressed as logarithms. Assuning that the
correlation Is also valid for the danm site located approximately 8 kn
downstream of the gaping station, sedimentation voluze was calculated
by electronic computer using the 40-year dam inflows estimated in
6.3.4. The annual specific suspended load was calculated to be 402.6
m3lkazlyr. Considering bed load to be 20Z of the suspended load, the
annual specifie sedimentation would be 483 a3lkn21yr (= 402.6 x 1.2).

About 100 years would be required until the sediment level
reaches the elevation of the power fatake siil. It is considered that

probleas due to sediment will pot arise during the service 1ife of the
pover station,

The measured data of suspended load concentration and river
runcffs are shown ia Appendix A-2,
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6.8 Design Flood Discharge

Regarding the design flood discharge for danm and its spillwvay, in
view of the economic and social importance of this Project, it is

thought necessary to study the probable maximun flood (PMF),

The PH¥, which was obtained from linmited hydrological and
meteorelogical data, was conpared with statistical probable flood
discharge calculated by flood frequency analysis. It was made sure

whether the former would be appropriate for the design flood discharge
for daa and spillway.

6.8.1 Probable Maximunm Precipitation {PMP)

Fig. 6-4% fndicates the observation periods of precipitation
at 1l meteorological gaging stations located inm the Xoprucay
River basin and neighboring river basins.

For the period of 1970 to 1980, during which the records of
the 4 stations fn the Kdpriicay basin are complete, 10 major
storms were selected. These were taken as the data for PMP conm-
putation. The average precipitation in the basin during the
stores was calculated by the Thiessen vethod. The results are

givea in Table 6-4,
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Table 6-4 Area Average Rafnfall during Selected Historfcal Storms

Storn | D2t of Ratnfall Pata (ma) M alue of
Moo | gccurrence | ARAMAS | YERICE | RASIHLAR | BESKONAK| Rainfall
Sta. |  Sta., | __Sta. Sta. (mn)
1 Feb. 21,'70 20.0 20,9 37.0 146,90 84.9
- 2 h‘ov.n22, 71 54.4 'n“l;; _;‘2_.3 120.0 80.0
3 Pec. 11,711 102.5 9.5 107.38 24,17 82.6
4 Jan. 30,'73 42.1 53.3 104.4 157.0 99.7
5 D—e:_;l_f:'ﬂa 38.8 50.8 :;1_.5 85.5 19.1
6 Jan. 31,°'75 51.8 80.5 108.2 104.7 93.7
7 bDec. 13,'76 95.6 85.8 60.4 47,7 66.9
] 8 Dec, 27,'77 25.6 23.1 84.9 92.0 67.2
9 ;e_t:—:;,—'n 12.4 12.1 31.4 201.2 69.0
10 Jan. 4,'80 43.3 39.7 85.8 109.0 17.5
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(1) Precipitable Water of Major Storms

The precipitable waters for the 10 major storms listed
in Table 6-4 were computed by the procedure described below.

The 12-hour {or 24-hour) persisting dew point is
generally used in calculation of the precipitable water,
Since records of dew polat tenperatures were not available
in the project area, the daily average vapor pressure of
Antalya was adopted and converted to daily average dew point

tereprature,

The daily average dew point tenmperature at Antalya on
the day when a major storm occured in the project area, was
converted to a valve on a 1,000 ab plane. The nowmograph
prepared by U.S. Weather Bureau (see ¥ig, 6-6) was used to
obtain the preclpitable water. To add a note, the
topographical barrier was put as EL, 1,200 & taking into
consideration the topography of the Koprucay River basin.
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(2) Maximum Prectipitable Water

For the maximum precipitable water to be used In maxi-
nizing a major storm, it was considered reasonable to adopt
the value of the month in which the storm was born. The
naximun daily average vapor pressure of each month at
Antalya was exaained during 1930 - 1980, and maxfnun preci-

pitable water was calculated by month in a sase manner shown
in (1),

{3) Probable Maxinum Precipitation (PMP)

The probable paxfmum precipitation (PHP) was computed
nultiplying the Adjusteent Factor (A¥) by the average preei-
pitatfon in the basin during the storm. The AF is to be
calculated using the following equation.

Maximum Precipitable Water (mn)

AF = Precipitable Water Duriag Storm {ma)

The 10 major stores were eaxinized given fa Table 6-5,

As a result of calculations, the storm of Januvary 30,
1973 showed PHP = 237 un, the paximun value anong the major
storms. This value was adopted as the 24-hour PHP for the
catchoent area of the dam site.
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Table 6-5 Storm Maximization for Selected Mistorical Storms

Date of | Area Average Probable
Storm Storm Value of Adjustment Haximun
Ho. Qccurrence Rainfall Factor Precipictation

— (mn) __ (em)
1 Feb. 21,'70 84,9 2.37 201
2 Nov. 22,71 80,0 1.97 158
3 Dee. 11,%71 82.6 1.76 145
4 Jan. 30,173 99.7 2.38 237
5 Bee. 16,74 79,1 2.02 160
6 Jan. 31,'75 93.7 2.43 228
7 Dec. 13,776 66.9 1.48 99
8 Dec, 27,'717 67.2 2.67 179
9 Feb. 19,'78 69.0 1.92 132
10 Jan. 4,'80 i7.5 2.54% 197

6.8.2 Preparation of Unit Hydrograph

The observed hydrographs at Beskonak G,S (1973 -~ 19808) and
the daily rainfall data (Yenice, Anamas, Kaglialar, Beskonak) in
the catchoent area were studied in order to preparate wunit

hydrographs. The observed hydrographs are shown in Appendix A-2,

The 5 storss, of which peak runoffs were relatively large
and during which rainfall occured uniforaly over the catchment
area, were selected in Fig, 6-7. These storns were taken as

data for preparing a uait hydrograph at the dam site. The
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selected 5 floods had all occured in other than the snowmelt

period, and it is reasonable to consider that these floods had

occured due to raiafall only,

These 5 observed hydrographs were separated into direct
runoff and base flow. The runoff coefficient was computed fronm
the ratio of direct runoff to total runoff. The effective ratn-~
fall was estimated by the method how water losses ratio was
constant. Since hourly rainfall data were not available during
storms in the basin, the hourly rainfall distribution was estf-
rated referring to the data recorded at Antalya.

The data of direct runoff and effective rainfall calculated
by the above procedure wWere statistically processed (linear ana-
lysis method) and individual unit hydrographs were prepared under
the following conditions:

Rainfall duration : 6 hr

Rainfall intensity 10 ea

"

The results ave shown fn Fig. 6-8. The ordinates of the 5
unit hydrographs in Fig. 6-8 were aritheetically averaged. A
slight acount of adjustment was made of the peak runoff, and the

unit hydrograph at the dan site was prepared. The resuvlt is
shown in Fig. 6-9.

Further, using Snyder's concept of "Synthetlic Unit
Hydrograph™, the unit hydrograph at the das site vas made in con-
sideratfon of the physical conditions of the upstream basin of
the dan. The result is shown in Fig. 6-10.

Strictly speaking, the unit hydrograph in Fig. 6-9 is not at
the dan site, but at Beskonak G.S. However, the both sites are
only about 8 km apart and it was Judged that the unit hydrograph

in Fig. 6-9 could be applied to the dam site.

On comparison of the unit hydrographs in Figs. 6-9 and 6-10,
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there fs a slight difference fn the peak runoffs, but they are

considered to be approximately equal,

The unit hydrogcaph in Fig. 6-9 with the larger peak runoff
was adopted as that at the dam site in consfderation of the fact
that the unit hydrograph would be used for calculation of the
design flood discharge for dam and spillway.
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Run-oft (m3/sec/iOmm)

Fig. 8-8  Unit Hydrograph of 6 hours duration and 10mm run off depth
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6.8.3 Time Distribution of PKP

Since hourly rainfall observations had not been carried out
at the meteorological gauging stations within the catchment area,
the time distributfon of PHP was estimated using the hourly rain-
fall data observed at Antalya. A study of typical time distribu-
tion curve of 24-hour rainfall at Antalya was made in "Oymaplinar
Dart and Hydroelectric Project - Second Phase Finat Report -
1969", and data of that report were used in this study. Fig.
6-11 shows the time distribution curve of 24-hour rainfall at
Antalya. The most critical storm sequence of PMP was decided in

Table 6-6 on the basis of this tirme distribution curve.

Table 6-6 Most Critical Storm Sequence

Hour |O - 6 6 - 12|12 - 18} 18 -24 Total

y 4 5 9 21 &6 100
PP 9.5 21.3 49.8 156.4 237
(on)
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Fig. 6-11
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Time Distribution of 24 -hour Rainfall at Antalya
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6.8.4 Effective Rainfall

Assuming a 2 ma uniform hourly loss, effective rainfall

duration was estimated in Table 6-1.

Table 6-7 Effective Rainfall Duration of PHP

., ()
| howr |o-6 | 6 - 12 12 - 18118 24 | Total
Total
Ratnfall 9.5 21.3 49.8 | 156.4 237

Loss 12.0 12.0 12.0 12.0
pifective| 9.3 37.8 | 144.4 191.5

6.8.5 Flood Hydrograph

Using the unit hydrograph at the daa site prepared in 6.8.2,
the flood hydrograph was prepared for the effective rainfall of
PHP calculated in 6.8.4

6.8.6 Snowmelt

Since snowfall data in the project area were insufficient,
the snowfall and snowmelt data for the Kayraktepe and Oymapinar
projects, facing the Mediterranean Sea similarly to the Beskonak

project,

due to spnowaelt,

were used in calculating discharge of the Koprucay River

In the catchment area and surroundings of the Kayraktepe

project,

(1)
niddle of Hay

(2)
March-April

Vi-29

The snowmelt season §s from the aiddle of February to the

The waximum river discharge due to snownelt occurs in




{3) In March-April the snow cover in the catchrent area is

an elevation of above 1,500 m

and it was judged that snowmelt phenomena would be roughly

the same In the catchment avea of the Beskonak project.

Of the catchment area of ifie Beskonak project, the area
above the snow cover elevation of 1,500 n $s 580 kmz, and mean

elevation 1s 1,800 n.

The paximum temperature of 10-day duration in Harch at
Antalya was exanlined based on observilon data duriag 1930 - 1480,
This value was cenverted €o that at 1,800 a, and was taken as the
probable paxinun teamperature. As for the mpaximun rate of
snowzelt runoff it was taken as 0.401 maf°C-day referring to the

Kayraktepe project.

Table 6-8 indicates the results of calculations of the rpaxi-

mun river discharge due to snownelt,
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6.8.7 Base Flow

The daily mean runoff at Beskonak G.S. was examined in the

snowzelt period (Pebruary - May), and a value of 120 m3fsec was

obtained as the base flow at the dam site.

6.8.83 Probable Maximum Flood (PMF¥)

The hydrograph of the probable maximun flood (PMF) at the
dan site was prepared by superposing one on another the

hydrographs of PMP, snowmelt, and base flow. The result s indi-
cated in Fig., 6-12.

From this hydrograph a value of 4,500 n3fsec was obtained as

the probable maximun flood discharge at the daa site.
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6.8.9 Statistical Probable Flood

The aunnual @aximum peak runoffs, which sere recorded during
the 40-year perfod From 1940 to 1979 at Beskonak G.S. {see Table
6-9), indicate a nininun of 318 m3/sec (March 1949, January 1950)
and a paxioun of 2,200 m3lsec (Deceaber 1977).

Gunbel's extreme value distribution was adopted to perform
flood frequency analysis. The result was obtained in Fig. 6-13,
Adopting the regression equation shown in Pig. 6-~13, the value of
PMF = 4,500 n3/sec computed in 6.8.8 is thought to correspond to
a 3,000-year return perlod flood.

Further, froa this flood frequeacy curve, the S-year return
perlod flood of 1,250 nd/sec was adopted as the design flood
discharge for the diversion tunnel in consideration of dam type

{concrete) and fits construction period.

6.8.10 Flood Analysis

On the post critical condition that PMF occurs at H.W.L
155.00 o, flood analysis was performed. In consideration of the
regulating capcity of the reservoir, the spillway capacity curve
and flood water level of the reservoir were calculated against

the hydrograph of PHF. The result is shown in Fig. 6-14,
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Table 6-9 Annual Peak Discharge at Beskonak G.S

Date of Annual Peak Tischarge
Year Oc 3
curance (n?/sec)
1940 Feb, 1,607.8
41 Jan. 176.0
42 Jan. 1,352.0
43 Bec, 581.6
44 bec. 684.0
45 Kov. 598.0
46 Dec. 1,003.8
47 Dec. 123.0
48 Feb. 1,156.0
49 . Har. 317.8
50 Jan. 317.8
51 Jan. 832.2
52 Feb, 516.6
53 Dec. 25 1,622.4
5S4 Feb. 19 400.0
59 Jan. 12 548.8
56 Kov. 27 516.0
57 Marx, 2 280.2
58 Jan. 9 1,032.8
59 Jan., 5 969.8
60 Dec. 31 557.0
61 Feb. 5 468.0
62 Feb. 16 822.0
63 Dec. 12 863.0
64 Dec, 15 349.0
65 Feb, 17 1,486.0
66 Jan., 21 1,486.0
67 bPec, 23 536.0
68 Jan, 3 798.0
69 Dec. 29 923.0
70 Dec. 17 775.0
71 Feb. 1§ 413.0
72 Dec, 12 765.0
73 Feb. 26 752.0
74 - -
75 Jan. 30 1,400,0
76 Bov. 24 1,260.0
17 Jan. 13 2,200.0
78 Jan, 20 1,200,0
79 Jan. 14 850.0

Year: Hydrological Year consists of the period during
October - Septemder
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