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PREFACE

In response to the request of the Government of the Republic of
Turkey, the Japanese Government decided to conduct a survey om the Coruh
River Hydroelectric Power Development Project and entrusted the survey to

the Japan International Cooperation Agency.

" J.I.C.A. geant to Turkey a survey team headed by Mr. Mamoru Takaichi,
Electric Power Developﬁent Co., Ltd., twice in a period from May 28, 1985
to February 28, 1986.

The team- had discussion with the officials coﬁcerned of the
Government of the Republic of Turkey and conducted a field survey {(in the
Coruh River area). ,

After the team returned to Japan, further studies were made and the present

report has been prepared.

" 1 hope that this report will serve for the development of the project
and contribute to the promotion of friendly relations between our two

“countries.

T wish to express my deep appreciation to the officials concerned of
the Government of the Republic of Turkey for their close cooperation

extended to the team.

December, 1986

Nk At

Keisuke Arita

President

Japan International Cooperation Agency
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Yusufeli Dam Site

— Looking from the Upstream Side —

Yustufeli Dam Site

— Looking from the Downstream Side —






Artvin Dam Site

~ lLooking from the Upstream Side —

Artvin Dam Site

— Looking from the Downstream Side —
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. SUMMARY

This report concerns the feasibility study of the Coruh River Hydroelectric
Power Development Project of the Republic of Turkey. The feasibility study
haé Bééh'cbnducte& from 1985 to 1986 b9 the Japan International Cooperation
Agency (JICA) under a technical.éooperation program of thé Government of

Japan.,

- This répur: is submitted by JICA, through the Ministry of Forelgn Affairs
of the Japanese Government, to the Elektrik Isleri Etut Idaresi (EIE) of

the Goﬁernment'of Turkey.

A brief summary of the results of the feasibility study is presented in the
following part of this section.

{1) Features of rhe Project

The: Coruh River Hydroelectric Power Development Project comprises
Yusufeli Project and Artvin Project, and a tramsmission line from
.Yusufeli and Artvin Power Plants to the primary end Hopa Substation.
(The_Inanli.Project was renamed Artvin Project and the Artwin Project

renamed Deriner Project, as of May 6, 1986.)

"The drainage area of Coruh River covers the northeastern part of the’
RepUblic:of Turkey, its total area within the territory of Turkey is
19,750 kmz, éofresponding to 2.5% of the total area of Turkey.

The total length of Coruh River ingide Turkey is approximately 390 km,

and the average annual run off 1is 5.96 x 109 n3.

The Laleli daﬁ site at the uppermost stream of this river, the.
Yuéufelffdam site at the midstream, and the Deriner dam site at the
downstredm, are the three locations where reservoirs with large
Sto:age‘capacities"éan be constructed to comtrol the abundant run off

of the Coruh River,'_"'

The Yusufeli dam site is located approximately 800 meters downstream

- of 'the confluence of the Coruh River and a tributary, Oltu River.

The average annual 1nflqw,of the river at the Yusufell dam site is

approximately 3,780 x 106 m3._ The construction of Yusufeli Dam will

8y



(2)

create a reservolr having a gross gtorage capacity of 2,130 x 106 m3,
and an effectlve storage of 1,080 x 106 o3, This effective storage

corresponds to approximately 30% of the average annual inflow.

Yusufell Project is the key projéct in tﬁe éompreﬁensive hydroélectfic
powef development project of the Coruh Ri#er. That 1is, the 1a£ge
reservolr of Yusufeli 1s capable of controlling the river fiow so'fhat'
the 4 hydroelectric power plants (Artvin, Deriner, Borcka and'Mnrétii)

to be constructed downstream can be operated at high efficlencles.

The Artvin dam site is- located about 19 km downstream of the Yusufeli
dam site, and 1ts reservolr will form the afterbay immediately

downstream of Yusufeli Dam.

Rationale for the Development

The power generation capacity of Turkey, as of 1984, consists of
3,875 Md of hydroelectric power {generating 13,426 x 109 kWh) and
4,584 MW of thermal power (17,187 x 109 kWh), the total. being 8,459 MW

- (30,613 x 109 kWh). As this supply capacity is not sufficient to meet

the power demand, 275 MW (2,653 x 109 kWh) of power was imported in
1984 from U.S.S5.R. and Bulgaria. s

Projection of the future electric demands (for the period from 1985 to

2005) from two sources are presented below. One projection was pre-

pared by TEK, and the other was made by a macroscople method.

TEK Projection Macroscopic Projection
(GWh) (07100 (GWh) R ¢ U))
1985 36,850 . 6,570 35,500 6,300
1990 63,300 11,290 . 55,200 9,800
1995 102,450 18,270 . 83,700 - 14,900 -
1997 - 123,600 22,045 - 97,400 . 17,400 . .
2000 162,600 29,000 123,800 22,100

2005 239,938 40,500 180,700 32,200

The table indicates that the average 'anhual growth 6f electricity
demand until year 2005 is 9.9% according to the TEK Projection, and

8.6% according to the macroscopic projection.

@
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New power plants are ‘bheing constructed to meet. thls demand growth,

‘including Elbistan Thermal Power Plant (4,200 MW), Karakaya Hydro

Power Plant (1,800 MW), Altinkaya Hydro Power Plant (700 MW) and
Ataturk Hydro Power Plant (2,400 MW), At the same time, preparation

"works are in progress to start more plant constructions in early

years, including Rayraktepe HydrolPower Plant (420 MW), Ilisu Hydro
Power Plant (1,200 MW) and Boyabat Hydro Power Plant (510 MW).

Yusufeli Project and Artvin Prdject'represént a group of large deve-

lgpmeﬁt projects which are to follow the large projects being imple-

,ménted as cited above, and these two projects have very important

roleé'from.the point of view of balancing power supply and demand.

That is, these are the important hydroelectric resources that wmust be
fully committed to the electric power grid of Turkey in around year
2000. From the standpoint of demand and supply, the promotion of the.

implementation of the plamned hydro and thermal projects is indispen—

_sible, and should these projects be smoothly implemented, in the year

1989 and after, the ratio of reserve capacity wlll take a descending

trend in relation to demand. Therefore, in order to maintain an opti-

mum reserve capacity, it is ﬁecessary to develop ammually 1,000 to

2,000 MW of hydro power. -In the year 2000, when almost all large
hydroelectric potentials will have been developed, it is essential to
implement the development of Yusufeli Project (540 MW) and Artvin
Project (320 ¥W),  Another aspect of'the-significance of these two
ﬁrojects is the fact that they are located in the north-eastern part
6£'Turkey where small amount of national investment has been allotted
éo far. That ﬁeéns_these project could Substantially'contribute to

the economic development of these backward areas.

Meteorolbgy and Hydrology

The temperature . in “the. Yusufell site 1s mazimum 43.8°C, minimum

Co=14,2°%C and.average.14.2°c; The annual average precipitation in the

drainage area of the Yusufell site, and the annual evaporation are

_4&0 mm and, 1,181 mm respectively. The annual 1inflows at the Yusufelil

 Esi€eLand Artvin site are'3;777 ® 106'm3 and 3,873 x7106 m3 respec—

tively:

3.



The estimated value of sedimentation rate at the Yusufeli Site is
403 t/kmz/year-(337 m3/km2/year). The design sedimentation 1s taken
as 400 m3/km2/year ® 50 years. ' C '

The design flood discharge for care of river during construction is as

given below. . _ ,
Yusufeli site = Artvin site

10 year return peribd flood (m3/s) 1,093 : 1,121
25 year return period flood (m3/s) 1,329 ) _1,362_

The probable maximum f£lood at the Yusufeli site is 9,000 m3/s.

(4) Geology and Material

Yusufeli Project

It 1s judged that there will be mo problem concerning the water-
tightness of the reservolr of Yusufeli.  Although two large
landslides are found at Gorgulu and Vecanket in the upétream part

of the Yusufeli reservoir area, it can be judged that 'these

landslides do not present an obstacle against construction of

Yusufeli Dam.

The geological formations at the dam site consist of granite,
diabase, etc., and will not present a problem against construc-
tion of a rock-fill dam or a concrete arch dam of 270 meter high

class 1f normal foundation treatment is performed.

Artvin Project

Although there are two landslides, Havuzlu and Demlrkent, in the
Artvin reservolr area, 1t iz judged that these landslides are of
a nature not presenting a problem against construction: of a dam.

Also, there will be no problem in the water—tightness offthe

reservolr, -

The geological formations at the dam site consist of diabase,
tuff, ete. It can be judged that no problem will be presented

against construction of a concrete arch dam at this locaton if

@ -



adequate foundation treatment is performed. ' However, according
to one completed drill hole, it was disclosed that a fault exists
at the river b@ttom} " Therefore, the definite Eype of dam should
be studiéd based on the data of further detailed geological

investigations,

_ Construction Material -

Concerning the soil materlal, red soll is found at the Gorgulu
area. This red soil has superior characteristices and 1s

dvailable in sufficlent amount.

Concerning the concrete aggregate, river bed gravels of suf-
ficient quality and quantity can be found at a locatlion near the
" confluence of Oltu River -and Tortum River.

{(5) Result and Evaluation of In—-Situ Rock Test

The re9u1ts and evaluatidﬁs of the plate bearing tests and block shear

tésts'performed at the Yusufeli dam site are as presented below.
Plate Bearing Test Results
The deformation moduli are:

[A] Class; 68,100 - 142,000 kg/cm?,
[B] Class; 29,400 - 78,200 kg/cm?,

Thus the fock is hard having small deformation characteristics.
The tangential moduli of elasticity are:

[A] Class; 91,100 ~ 206,400 kg/cm?,
[B] Class; 47,900 - 103,700 kg/em?,

‘Thus the moduli of elastlcity are very high, indicating hard and

good quality rock_characteristics.

)
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(7)

Block Shear Test Results

As described in Chapter’?,é in detail, the shéar strength could
not be determined due to the strength of the concrete block. But
the estimated shear strength was determined as below by correla-

tion to the modulus of elasticity.

Angle of Internal Friction ($) Cohesion (kg/émz)
[A] Class - 60° 50
{B] Class 52° 35

Seismicity

In order to determine the design seismic intensity, the maximum ground

acceleration at the Yusufeli dam site was evaluated by the probability

me thod .

‘The data collected by NOAA of the United States were used for this

study, and the number of data amounts to 1658, covering the perlod

from 1910 to 1984,

Based on the results of this analysis, éndrfakiﬁg'into consideration
general dam behavior, the design seisﬁic intensities for the d{onven-
tional pseudo-static stability analysls at the Yusefeli dam site were
selected at 0.15 for the rock-fill dam and 0.30 for the arch dam.

Environment Assessment

Detailed environmental agsessment for the evaluation of quantitative
impacts of this project on the ecology and gocial conditoms in the

project area and ite neighboring areas has not been conducted yet,

General aspects of the environmental impact of this project can be
evaluated, however, based on the data and 1ﬂfdrﬁation'avéilable at

this stage of the study, as described below.

In this project, scenery, plants or animal specle of pérticular value
cannot be found in the area which is going to be submerged by the
large reservolr to be created by the Project. There is a possibility .

©



of the ecologicél system being altered by construction of this large
reservoir, Based on. consideratlons on the present status of the
environment around the project site, it is anticipated that the nature

of such ecological change can not be a serious one. It would be

”requited;' however, to study the possible change of water quality

caused by the reservoir,

There 1s no historical monument or cultural asset in this project

area,-:

As the population in the area to be submerged by the Yusufeli reser~
voir is approximately 7,000, relocation of people must be studied and

planned in advance.

The hatiéﬁal highﬁay_from Artvin City to Erzﬁtum City_ruﬁs through
this project area, and it is hecééary to re-route certain sections of
this highway which are to be submerged or affected by the Project. As
re-routing of this highway is one of the key factors controlling the
start of this project, _1t is required to establish in advance a
detailed re-routing plan of this national highway.

" Optimum Development Plan

The Yusufeli Project has the greatest effect on the whole development

plan,_és'Yusufeli Project is larger in scale than Artvin Project, and

'it'is'16Cated_upstream on the river. For this reason, the development

schemes and the scale of development, including the selection of dam

' type, were studied for the Yusufeldl Project first, and then Artvin
_ Project was studied based on the optimal plan of Yusufeli Project.

The outlihés' of Yusufeli Project and Artvin Projeét' are presented

below.

Yusufeli_Pfoject_

A genaral description of Yusufeli Project is given below.

& rock~fill dam, 270 m high and 21 x 10 n3 in volume constructed
- 800 m ddwhstréam of the confluence of the Coruh River main stream

and its ffibﬁtafy’OItu river;’io'pfovide a gross storage capacity'

7



of 2,130 x 106-m3, and an effectlve storage of 1,080 x 106 3,
This reservolr regulates the average annual inflow of the river

amounting to 3.78 x 109 3,

An intake structure will be const:uéted on the_right'hank imme-
diately wupstream of the dam, from which maximunm discharge of
321 m3/sec will be conducted to an un&erground power plant Eo be
constructed under the right bank of the river through a penstock,
to generate a maximum of 540 MW and annual energy production of

1,704.6 x 109 xWh.

‘The ‘estimated construction cost of Yusufeli Dam and Power Plant
described above 1s 367,025 x 10% T.L (132,563 x 10% T.L in
foreign currency and 234,462 x 106 T.L in domestic currency), and

the_period required for construction will be 9 years.

The electric power generated by Yusufell Power Plant and Artvin
Power Plant will be transmitted to Hopa Substatiom by the 380 kV
transmission line, The estimated -construction cost of this
transmission line is 8,927':{.106 T.L (6,176 x 106 T.L in forelgn -

currency and 2,751 x_lOﬁrT.L in domestic currency). Of this
transmission line cost, the portion to be born -by Yusufeli
Project is 6,340 x 106 T.L (4,417 x 165 T.L in foreign currency -
 and 1,923 % 106 T,L in domesgtic currency). T

The net present value (B-C) and the benefit-cost ratio .(B/C) of
the Project are 92,955 x 106 1.1 and 1.65 respectively, adopting

a thermal plant burning imported coal as the alternative plant,

The financial internal rate of return.(FIRR)'and'the economic
internal rate of return (EIRR) of the Project are 9.7% and 12.4%
respectively, using the revenue from sales of-electricigy:as the

benefit.

Artvin Project
A general description of Artvin Project is given below.

An arch type dam, 160 m high and 500 x 103 w3 in volume, is to be

constructed on the Coruh River 19 km downstream of Yusufeli Dam,

@



to create a reservoir'haviﬁg a gross storage capacity of 167 x
106 m3 and an effective storage of 4 x 106 m3. This reservoir
will regulate the discharge from Yusufeli Power Plant and the

inflow from the residﬁal drainage area.

An intake structure to be constructed on the left bank imme-
diately'upstream of the dam will provide a maximum discharge of
333 m3/sec fb the underground power plant to be constructed.under
the left bank of the river through penstocks, to generate a maxl-
mum of 320 MW and annual energy production of 988.8 x 106 kWh.,

The estimated construction cost of Artvin Dam and Power Plant is
154,428 x 106 T.L (62,160 x 106 1.1 of foreign currency and
92,268 x 106 7.1 of domestic currency). The period required for

the constrﬁction will be approximately 6 years.

The powér generated by Artvin Power Plant will be tramsmitted to
Hopa Substation by the 380 kV transmission 1line connecting
Yusufeli Power Plant to Hopa Substation.

The portion of the transmiséion line construction cost to be borm
by Artvin Project will be 2,587 x 100 T.,L (1,759 x 100 1.1

foreign currency and 828 % 108 T.L domestic currency).

The net present valueL(B—C) and the benefit-cost ratlo (B/C) of
the Project will be 97,334 x 108 7.1 and 2.15 respectively.

The financiail internal rate of return (FIRR) and the economic
internal rate of return (EIRR) of the Project are 12.8% and 15.9%

respectively.

The power generated'by Yusufeli and Artvin Power Plants and trans-
mitted to Hopa Substation will be then transmitted to load centers of

Ankara and other regions.

©)



Summary of Yusufeli Dam and Power Plant

Ttem Unit Description

Location - The Coruh River
Catchment Area K2 - 15,250
Annual Inflow _ 4 .106m3 | .3,777'_
Design Flood m3/sec _ 9,000
Reserveoir
Normal High Water Level n : 110
Low Water Level ‘m 670
Availaﬁle IkaWdown. B m . 40.
Sedimentation Level ju 615
7 ResérVoir Area Km? | 33;1 |
Gfdss Storage Capacity 106;113 . 2,130
Effective Storage Capacity ' 106m3 _ _ 1,080

Diversion Tunnel

Diameter N : m ' 9.2
Length n 1,258
Design Flood " m3/sec 1,330
Number - 1

Yusufeli Dam

Type - Rockfill Dam éith Impervious
: Core

Elevation of Crest m 715

Height of Dam | m 270

Length of Crest m 430

Volume of Dam 1033 21,050

8pillyay

Type - Chute with Radial Gates =
Capacity m3/sec 7,970

(10)




Yusufeldi

Ttem Unit Description
Number of Gates get 4
.Size of the w Width 13.5 x Helght 15.0
Power.Intaké
Contﬁol Gate - Roller Gate
Number of Gates set 1
Penstock
Type - Inclined Shaft and Ewmbedded
Steel N
Length m 47.0 (No.1), 366.0 (No.2)
47.9 (No.3)
Diameter © 9.0 - 4.2
Number - 1 - (3 Branch)
Tailtace Tunnel
Type - Pressure Tumnel
‘T.ength m 30.0 (No.1), 403.0 (No.2)
89.4 (No.3)
Diameter n 5.7 - 10.0
Number - 1 (3 Branch)
Powerhouse
TY?Q., - Underground Power Plant
Size m Width 20x Length 86
Power Geﬁeration Faciiities
Number of Units unit 3
Unit Capacity _‘MW 180
Instalxed Capgcity M 540
Tﬁfﬁiﬁé
 Numﬁer untt 3
Tyﬁé - - Vertical Shaft Ffaﬁcis

(i)




. Yuéufeli

Item Unit Description
Rated Intake Water Level ™ 696.7
Rated Tall Water Level m 500.4
LGross Head n 196.3
Normal Effective Head m 190.8"
Maximum Discharge m3/sec 321
Standard Cutput MW 184
Revolving Speed rpm 188
Generator
Number of Unité unit 3
Type - ' Three—phase anchrOnous
OQutput MVA 200
Yoltage kv l4.4
Power Factor - 0.9 (Lag)
Frequency Hz 50
Revolving Speed rpm 188
Main Transformer
Number of Units unit 3
Type - Three-phase Indoor type
Capacity MVA 200
Voltage kv 380/J3/14 .4
Switchyard
Nominal Voltage kv 380
Type of Circuit Breaker - SFg Gas Insulated Sﬁitéhgé;:
Transmission Line | | |
Number of Civreuit - Yusufell —:Artvin. 1 cet
Artvin. - Hopa 2 cet
Nominal Voltage kv

380

(12)




Yusufeli

- ixchange Rate

Item Unit Description
Construction Periqd years 9
Annual Energy Production

Total Fnergy 1051h 1,704.6
Firm Energy 108xih 1,129.0
Secondary Energy 100kWh 575.6
Project Cost
Dam and Power Plant 1067.1, 367,025
Transmissioﬁ Line " 6,340
Total " 373,365
At Sending End
Per kW 103T.L/kW 680
Per kih T+L/k¥Wh 215
Net Presént Value (B-C) 1067, 92,955
Benefit Cost Ratio (BJC) . - 1.65
Finaﬁci§1 Tnternal Rate of
_Return (F.I.R.R.) Z a.3
Economic Internal Rate of
Return (E.I.R.R.) % 12.4
Equalized Piscount Rate (EDR) A 17.3

1 U8% = 550 T.L

3)




Summary -of Artvin Dam and Power Plant

Ttem Unit Description

Location | - The Coruh River
Catchment Area K2 15,540
Annual Inflow 1061113 3,837
Design Flood ' ' n3/sec 8,200
Reservolir
High Water Level ' m 500.0
Low Water Level i3 499.0
Available Drawdown m _ 1.0
Sedimentation Level m 414
Reservoir Area K2 4.1
Gross Storage Capacilty 106m3 167 .0
Effective Storage Capacity 106m3 4.0

Diversion'Tunnel

Diameter m ' 10.0
Length m 549
Deslign Flood nd/sec 1,120
Number - 1
Artvin Dam
Type - Concrete Arch Dam
Elevation of Crest m _ 505
Height of Dam : m ' 160
Length of Crest m 217
Volume of Dam 1033 500.
Spillway
Type -~ | Chute with Radial Gates
Capaclty . m3/sec 8,200 |
Number of Gates set _ | 4

(14)




Artvin

‘Rated Tail Water Level

Item - Unit. Description
Size of Gate n Width 13.0 xHeight 15.0
| Power TIntake
| Control Gate - Roller Gate
Number of Gates set 2
Penstock
Type - Vertical shaft and
Embedded steel
Length m 213 (No. 1), 251 (¥o. 2)
Diameter m 6.5 ~ 5.2
Number )
Tailrace Tunnel
Type - Pressure Tunnel
Length ‘m 184 (No. 1), 207 (Ne. 2)
Diameter m 7.5
Number - 2
Poverhouse
Type - Underground Power Plant
Size m width 23, Length.63
Power Generation éacilities
Number of ﬁnits unit 2
Unit Capacity MW 160
Insﬁaiied'éépacity'- M 320
Turbine
Numbér unit. 2
Type - Vertical Shéft'Francis
Rated Intake:Water Level ‘0 500
. _ .

384.1
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Artvin

Ttem Unit Description
~ Gross Head i 115.9
Normal Effective Head 0 112.9
Maximum Discharge n3/sec 333
Standard CQutput MW 167
Revolving Speed rﬁm | 150
'Geﬂerator
Number of Units unit 2
TYﬁe - Three-phase Synchronous
Qutput MVA 182
Voltage kv l4.4
Power Factor - 0.9 (Lag)
Frequency Hz 50
Revolving Speed rpm 150
Main.Transformer
Number of Units unit 2
Type - Three-phase, Indoor Type
Capacity MVA 182
Voltage kv 380/J3/14.4
Switchyard
Nominal Voltage kv 380
Type of Clrcult Breaker - SFg Gas Iqsglated_SWitchgear:
Transmission Line . -
Number of Circuit - Artvin — Hopa 2 cet -
Nominal Vol?age kv 380 .
Construction Period years 6

(16)




Artvin

Exchange Rate

Item Unit - Dascription
Annual Energy Production
Total Energy 100kWh 988.8
Firm Energy 105%wh 661.8
Secondary Energy 100KWh 327.0
Project Cost
pam and Power Plant 106T.L 154,428
Transmission Line v 2,587
Total " 157,015
At Sending.End
ver kW 103T.L/kW 483
Per kWh T.L/kWh 156
Net Present Value (B-C) 1067, 1 97,334
Benefit .Cost Ratio (B/C) 2,15
“Financial Iﬁtetﬁal Rate of :
Return (¥.1.R.R.) % 12.8
Fconomic Internal Rate of
Return (E.I.R.R.) % 15.9
Equélized Discount Rate (EDR) % 37.7

1 Us$ = 550 T.L
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CONCLUSION AND RECOMMENDATION

The Preject 1s composed of two hydreelect"ric power development plans,
'Yu'sufeli- ?roject ahd Artvin 'P"rej'ect, 'bot.h'of' which are to be deiieloped in
‘the mlddle reaches of Coruh River that flows through the northeastern part
of Turkey and drains inte the Bleek S5ea. 1t is concluded, according to the
result olf study based on available data so far, that the implementation of
this Project :L.s_ feasible both technically and economically.

The conclusion and recommendation drawn from this study are presented

below.

CONCLUSION

(1) The ebjective of this project 1s to construct large hydroelectric
power plants by effectively utilizing the water resource In Turkey,
one of richest. indigenous resources of this country, to secure abun-
dant and stable electriec power in meeting the increasing electric

demand.

At the_ same time, thils project ie, expected to contribute to economic
development of the northeastern region of Turkey where relatively
"small amount of national capital for regional development has been

invested so far.

{2) The growth of electric demand in the Republic of Turkey slowed down
dufi'ng.'the ﬁeri_'od_- from 1980 to 1983 due to the ‘scheduled load shedding
which were’ e.nforc'e.d- dee to tﬁe -shortage of power supply capacity.
However, Vthe power demand growth in 1984 amounted to an order of 12%,
ow1ng to the increase in domestic power supply capacity and the import
of electricity from abroad. The tol;al installed generation capacity
Kof Turkey amounts to 8,459_MW (genetating 30,613 GWh) as of 1984.

- in meeting the power demand of this magnitude, the Government of
Turkey is now advanciﬂg 1arge hydroelectric power development programns

_by utilizing indigenous water lesources.

The' "project':'ion'of'future“'power”demand conducted in this study indi-

" Gated that the annual average growth of energy demand will amount to



8.6%. That is, the power demand and annual energy at the bus bar will
amount to 9,800 MW and 55,200 GWh respectively in 1990, which is 1.56
times and 1.55 times the power demand and annual energy of 1985, that
were 6,300 MW and 3%,500 GWh respectively. 1In 2000, these figures are
expected to grow to 22,100 Hw.and 123,800 6Wh respectively.

(3) The proper timing for commencement of services by the power plants of
7 this Project will be around the year 2000, when the time required for
the additional surveys, detailed designs and ‘the constructions are
takén_into account, and if the power demand and supply forecast of

Turkey at this amount progresses aécording to the planned schedules.

(4) This Project is to be implemented by the concerted development of the

two projects, Yusufeli Project and Artvin Project.

Considering the construction time required for these two projects, the
construction of Yusufeli Project located upstream should be started
first, to be followed by Artvin Project, and the two Projects ‘should
be completed at 'the same time, As the effect of Yusufeli Project on
Artvin Project is great, it is jﬁdged not approﬁriate to start deve-
loping Artvin Project ahead of Yusufell Project. '

Yusufeli Project, Artvin Prolect, and the related transmission line

project are described below.

Yusufell Project

(5) The Yusufeli dam site is located about Béo w downstféamf'of .tﬁe
confluence of Coruh River main stream and 0ltu Rivér,'which ﬁaﬂ been
the dam site prdposed in the Master Plan; ‘The dam site is the most
appropriate location from the points of view of'toﬁbgrapﬁy,:geoiogy,
landslide conditions, reservoir efficiency, and effective dtiiization

of the river flow.

Although there are two large landslides at Gorgulu and Veaanket within'
the area of Yusufeli Rﬁservoir, it can be judged that these landslides
do not present obstruction against construction of Yusufeli Dam,
because they are located on the tributaries and far from the dam gite.
It is necessary, however, to study-the.effects-of possible landslide

which may affect the upstream areas after the reservoir is impounded,



(6)

7)

It can be judged that there 1s no problem of water-tightness of the
resequir. The geology at the dam site consists of granite and
diabaee,_and it can be judged that there is no obstruction against

construction of a vock—-fill dam or a coecrete arch_dae of 270 meter

high class, if conventional foundation treatment is performed.

In selecting the tyﬁe of Yusufell Dem, the topography, .geology,
meteorology, avallability of soil material, and other factors were

taken into consideration, and comprehensive studies were conducted on

-the-dam including spillway, and type and location of power plant., &

cases of preliminary designs were worked out for rock-fill dams and
concrete arch dams which were assumed to bée the most fit types of

dams .,

As the result of these studies, it was judged that the rock—fill dam

is more desirable from both economic and techmical points of view.

As discussed later, it is judged.that.the optimal high water level of
the reservoir 1s elevation 710 m. "With this high water level, the
height and wvolume of Yusufeli dam are 270 m and 21 x 106 53 respec-

tively.

The spillway of a surface chute type is located on the left bank, and
the power plant is an underground structure to be constructed under

the right bank.

To select the high water level of Yusufelli Reservoir, 4 cases, with

‘the high water levels at elevation 690 m, 700 m, 710 m and 720 m, were

studied with due consideration on the amount of sedimeﬁtation and the

effectlve storage capacity.

Also, a comparative study was performed on 4 cases of different

‘available draw—downs, 30 m, 40 m, 50 m and 60 m.

Based on the results of these COmparative etudies, and with overall

coneideratious on the pro;ect economy, topography, geology and other

' relevant conditions,_it was finally judged that the optimum reservoir
'high water level is 710 m and the available draw~down is 40 m. The

. .gross storage capacity and the effective storage capacity are 2,130 x

106 u3 and 1,080 x. 106 3 respectively.

it
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(9

(10)

(11)

In order to determine the optimal installed capadity'Of Yﬁsﬁfeli Power
Plant, a comparative stﬁdy wés'performed'on.lZ cases withfdiffqrent
combinations: of peak duration time and maximum water.dischafgé. This
comparative study proved that .the most advantageous sélection s the
maximum discharge of 321 m3/s and the installed capacity of 540 MW,
which_will provide annual generation of 1,704.6 x 106 kwh, |

The power generated by Yusufell Power Plant will be transmitted to
Hopa Substation by 380 &V transmission 1ine (93 km) via the switching

station of Artvin Power Plant.

The total amount of dinitlal investment required for development of
Yusufeli Project will be 373,365 x 100 1.1 at the currency value: as of
July 1985, consisting of the following items.

Yusufeli Dam, Power Plant, and associated facilities:

Domestic currency; 234,462 x 106 7.1
Foreign currency ; 132,563 x 106 1.1
Total 367,025 x 100 r.L

Transmission line:

Domestic currency; 1,923 x 106 T.L
Foreign currency ; 4,417 x 106 7.1
(Subtotal) 6,340 x 100 T.1L.

The construction cost of the part of transmission line which is to be
commonly usad for power transmission of Yusufeli and Artvin. Power
Plants are allocated to each power plant according to the ratio of the

power plaat capacity.

In this calculation, the constructlon period of Yusufeli Project is

assumed to be 9 years.

The per—kW and per—kWh construction costs of Yusufeli Power Plant at
the sending end are 680 x 103 T, L and 215 T.L respectively.

For the purpose of :benefit—coSt énalysis; ‘an’ importedicoal fired
thermal power plant capable of substituting this Project was assumed,
and the costs compared. The result of this study indicated thét the
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net” present value (B - ) and the beneflt cost ratio (B/C) are
92,955 x 108 7.5 and 1.65 respectively.’

(12) The financial soundness of the Project was evaluated by comparing the
fiﬁahéial internal rate of return (FIRR) based on the market prices

" with the borrowing interest rate expected for this project. The fi-
nancial internal rate of return of the Project i1s 9.7%, exceeding the

expected borrowing interest rate of 9.5%.

Next the economic internal rate of return (EIRR} was calculated by the
" modification market price (conversion to border price), which were
Obﬁﬁined:by mndifyiﬁg the market price used in the FIRR. Then this
‘economic internal rate of return was compared to the opportunity cost
of capital within the Republic of Turkey to evaluate the économic
#él@e of tﬂe'Pfoject. The economic internal rate of teturn of the
'Pfoject 15 12.52, exceédihg the capital 6pportunity cost in Tﬁrkey of
'12%. Thus it can be concluded that the Project is feasible from both

financial and economic points of view.

Artvin ?:bject

(13) Artvin Project is to be located between the two large reservoirs of
' Yusufeli Project and Derimer Project, to effectively utilize the head

availéble'betweén the two reservoir sites.

Concerning the dam silte which was previously proposed as the Artvin
dam site {heréinaftér called original dam site) in the Master Plan,
the result of the site survey created a concern that the Havuzlu
‘landslide; located " in proximity ‘of the original dam site on the
ﬁpstream'left-bank;.may have 4 serious effect on the dam. For this
reason, two “alternative dam sites were selected, one approximately
3 km uﬁstream of the original' dam site (hereinafter called the
upstream dam sité),_and another approximately 8.km downstrean of the

;original;éite'(héreihaftér'célled the'downstfeam dam site),

" For the upstream dam site, a rock-fill dam was selected based on con-
“giderations of topography and geology, and a dam-conduit type power
plant was pianné&‘with‘ajhéadraCejrunningifrom the dam to the power

plant, For the downstream ¢ite, a concrete type dam was selected



(14}

(15

based on considerations of topography, geology, landslides, availabl-
1lity of soll material, ete.,, and a dam type power plant'was4planned
with the power plant constructed directly downstream of the dam.

By comparing the above two plans, it was judged that the downstream
dam site 1s more economical, The plan for the downstream dam site

(hereinafter called Artvin Project) is described below.

There are two large landslides at Havﬁzlu.and-Demitkent; which are
inside the rescrvoir area of Artvin Project. It can be .judged,

however, that these two landslides do not .present substantial

‘obstacles against the construction of dam. It can also be judged that

there 15 no problem concerning the water—tightness of the reservolr.

The geology at the dam site consisté mainly of diabase and tuff, and

'there will be no geological problem of serious naturg:for constfﬁctipn

of a concrete arch dam according to presently available geological

data,

In studying the type of Artvin Dam, the topography, geology, status of
landslides and availability of solil material were considered,. and. the
different combinations of the dam spillways, power plant types and

layouts were compared comprehensively.

- As discussed before, the topogréphical and geologlical conditions, the

possibility of 1landslide at Havuzlu, and the unavailability of the
s0il material in the proximity of the dam site made the. seléction of a

‘concrete dam recommendable.,

Further, it was estimated that an arch-gravity dam and an arch dam
were promising among concrete dams. Thus preliminary designs were
developed for these two dam types, and a comparative study was

conducted.

In developing the preliminary design of the arch dam, presumptions

were made on the geological factors whicﬁ-had'ﬁotlbéen confirmed by

the geological surveys, such as the size and direction of the-river

bed fault and the geological status of the right abutment, and the

design was developed based on these assumptions.

vi
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The result of comparative épudy indicated that the arch dam was more
economical than the arch—grévity dam, even if substantial additional

costs were estimated for the foundation treatment.

Accordingly, the arch dam was selected at this stage of the study. It
is deemed necessary, however, to. conduct further comparative studj
between the arch type and arch-gravity type in the stage of the
detailed design, based on the results of the further 'geological

investigation works.

As discussed later, the high water level of Artvin Reservoir is eleva-
tion 500 m. Consequently, the dam height and the dam volume will be
160 m and 500 x 103 m3 respectively.

The spillway was designed as a center overflow at the dam center. The
power plant was designed as an underground structure which 1s to be

constructed under the left bank.

The higﬁ water level of Artvin Reservoir was selected at elevation

500 w, making reference to the taillrace level of Yusufell Power Plant.

The Artvin Power Plant will be operated for peak power supply by means

.of the discharge from Yusufeli Power Plant and by regulating the

inflow from the residual drainage area.

The relation between the maximum discharge of Artvin Power Plant and
the required effective storage capacity was studied. Taking into
account some margin, the available draw-down of 1.0 m and the effec-

tive sﬁoragé capacity of 4.0 x 106 m3'were selected.

The maximum discharge of Artvin Power Plant will be 333 m3/sec,
which is the sum of the Yusufell Power Plant's maximum discharge of

321'm3/sec and the regulated residﬁal flow,

With these design selections, the installed capacity of Artvin Power

b Piaﬁf.wiil Be 320 MW,'generatiﬁg:988.8 xrlbﬁ kWh'of electricity an-

ﬁuaily.
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{20)

The power generated by Artvin Power‘Plént will be transmitted to Hopa
Spbstatidn by a 380 kV transmission line (76 km long). '

The total 1initial 1investment required for development of Artvin
Project will be 157,015 x 106 T,.I, at the currency value as of July
1985, which consists of the following items.

Artvin Dam, Power Plant, and associéted facilities:

Domestic currency; 92,268 x 108 T.L
Foreign currency ; 62,160 x 106 1.1,
Total : 154,428 x 100 T.L

Transmission Line:

"Donestic currency; 828 x 106 7.1
Foreign currency ; 1,739 x 106 .1
Total 2,587 x 109 T.L

The construction cost of the transmission line was provisionally allo-
cated to Yusufell Power Plant and Artvin Power Plant according to the

ratio of power plant capacity.

The period required for construction of Artvin Power Plant 1s assumed

to be approximately 6 years.

The per-kW and per-kWh construction costs of Artvin Power Plant at the
sending end are 483 x 103 7.L and 156 T.L respectively.

The net present value (B - C) and the benefit cost ratio (B/C) of the
Project are 97,334 x 10% 7.L and 2.15 respectively.

The financial internal rate of return of the Project is 12.8%, and
this has an advantage over the expected borrowing interest rate of

9.5%.

The economic internal rate of return of the froject”is i5.92,_gﬁceed-
ing the capital opportunity cost in Turkey which is 12%. Thus it can
be concluded that the Project is both financially and economically

feasible.
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Power Transmission Plan

(21)

(22)

The scope of power transmission study 1s from Yusufell and Artvin
Power Plants to the recelving end of Hopa Substation, 3 different
schemes were studied and compared for the power transmission from the

sald power plants to Hopa Substation.

As the result of the study, the plan of constructing a 380 kV
transmission line, 93 km in length, from Yusufeli Power Plant to Hopa
Substation via the switching station of Artvin, was selecred.

The total amount . of initial investment required for comstruction of

this transmission line was estimated according to TEK's data at 6,433

% 106'T.L (excluding Project Controlling and Interest during construc-

tion) in the currency value as of July 1985.

The items of this construction cost are presented below, in which the

expenditures by domestic and foreign currencies were estimated based

on the'past records.

Yﬁsuféli Power plant to Artvin Power Plant

© {380 kV single circuit x 17 km)

‘Domestic bufre_ncy; 296 x 108 r.L
'Féreigh_currency s 1,157 x 10% T.L
(Subtotal) 1,453 x 10% T.L

Artvin Power Plant to Hopa Substation receiving end
(380 kV double circuit x 76 km)

Domestic currency; 1,351 x 100 T.L
Foreign currency ; 3,629 x 100 T.L
" (Subtotal) 4,980 x 100 T.L

The . period required for construction of this transmission line was

assumed to be approximately 26 months.

{23) Almost all power systems in Turkey are mutually interconnected to form

a nation~wide grid. The feature of these Interconnected system Is
that the load centers are located in Ankara and in the western areas

such as Istanbul, TIzmir, etc., while a large part of the power'supply



(24)

capacity is located in the eastern region. 'The power consuming arcas
and the power generating areas are intercomected by long 380 kV
transmission lines, which form the key transmission system connecting

the east and west of Turkéy.

As the distance between the power consuming areas and the power
generating areas amount to about 1,000 km, it is ekpected that the
power systems wlll face varilous technicgl'problems as the electric

demand increases in the future.

In planning power transmission for this Project which is situated in
the northeastern region of Turkey, it would be required to conduct
power system analysis studies, including the possibility of intro-

ducing a higher system voltage.

The power system analysis study related to this Project wasg excluaéd
from the scope of the present study after consultation ‘with the
Government of Turkey held in February, 1986, because it was difficult
at this stage to collect the data and information required for power
system analysis. For this reason, a detailed power system analysis

was not conducted relating fo the present study.

However, a very general power transmission study was conducted based
on the concept that the power output of this Project is transmitted to
Ankara from Hopa Substation via Samsun, of which results are presented

in Appendix 5.

This transmission study was conducted with the objective of economic
evaluations, which are presented in sections (11), (12), (19), and

(?0).



- RECOMMENDATION

It is trecommended that the Yusufell Project and Artvin Project be imple-
mented because these two projects are feasible both technically and

economically.

In order to start developing Yusufell and Artvin Projects, the following

matters must be Implemented.

"{1) Preparatory measures which are necessary for starting comstruction
works, such as detailed design and preparation of tender documents,

must be completed.

(2) In the detailed designs, the items requiring additional sﬁrveys and
tests, such as those stated in Chapter 14 of this Report, "Further
Investigations", must be conducted and the results reflected in the

detalled designs.

(3) The specific re-routing plan for the national highway to be affected
by this Project must be worked out. '

(&) The'Specific programs for re-settlement of approximately 7,000 people,
whose residences are to be submerged by the Yusufeli reservolr, must
be established.

{5) There 1s no vegetation, aquatic as well as land animals, historical
monuments or asset of artistic value ia the area to be affected by
this Project. The possibility of changes in the ecology and water
quality must be studied, however, referring to the effects of existing
.1afge reservoirs in Turkey, the effects of this Project related to
such issues are expected to be trivial considering the present status

of natural enviromment of this Project.

(6) In order to make the power plants of this Projéct operational by the
year 2000, it is necessary that the construction of Yusufeli Project
be started in early 1992, that of Artvin Project in early 1995; and
that of the transmission line from the power plants to Hopa Substation
in late 1997. |

It is also neceséaty that the transmission sysfem'interconnecting Hopa

.Substatidn to Ankara and Istanbul be completed by year 2000.
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CHAPTER 1. INTRODUCTION

A planned economy has been implemented in. the Republic of Turkey since
1963,  and efforts are being continued to achieve economlc growth through
industrialization by changing the industrial structure which had been based
mainly on agriculture. Securing energy is an indispensable factor for this
purposej'and with limited petroleum resources, the development of domestic
enargy resources has been glven very high priority in order to achieve the

established target of economic growth.

'A growth rate in GNP of 8 perceant was the target in the Fourth FlvemYear
Plan (1979 1983),_but the result was far below ity In the current Fifth
Five-Year Plan (1985-1989) which started in 1985 the target GNP growth
rate is 6.3 percent. The growth rates in GNP from 1979 to 1984 and the

growth rtates in electric energy supply during those years -are as shown

helow.
1979 1980 1981 1982 1983 1984
GNP (Z) ) “0-4 "'141 4-1 4-6 3-2 5-9
- Electric Energy’ 54 4.5 6.8 7.7 4.4 12.5

_supply growth (%)

Tﬁis-lon growth rate_in electric energy supply was due to the shortage of
cepiral for investﬁenr in economic activity because of the second oil eri-
sis which occurred in 1978 so that supply capability became insufficient in
spite of the existence of latent demand, and this was manifested by the
load shedding,carried out from 1980 to 1983,

As an emergency measure to cope for the time being with the power shortage,
the Turkish Government has been importing electric power from Bulgaria
since 1975 and from the SOViet Union since 1979. The quantity has
increased annually, and in 1984 it was 2, 653 GWh, corresponding to 8.7 per-
cent of the total energy production of 30 614 GWh. The growth rate in
'electric power imports in the most recent 5 years was.an annual average of
18 percent, and valuable foreign currency is being used ‘for thls, as in the

case of oil importe.
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The installed electric power capacity of the Republic of Turkey in 1984 was
8,459 MW (3,875 MW hydro, 4,584 MW thermal)}, while the capacities scheduled
to be commissioned around 1986 were 1,067 MW hydrb and 2,044 MW thermal, so
that arcund 1986, the total installed cépacity is scheduled to become
11,570 MW, However, these projects under construction -are. at present
lagging behind original schedule. As a result of the recovery of.the world
economy after the second oil crisis there has been an increase in invest-
ment in the electric power sector. The Turkish vaernment, in order to.
meet the increasing power demwand, has been implementing the construction of
largescale hydro and thermal projects such as Elbistan Thermal. Power Plant
(4,200 MW, Karakaya Hydroelectric Power Plant (1,800 MW), Altinkaya
Hydroelectrlc Power Plant (700 MW), and Ataturk Hydroeiectric Pdwef'Plant
(2,&00 MW}, and these are scheduled to be successively commissioned in the
electric power system from 1987 to arcund 1990, It is thought that the
chronic shortage of electric'pbwer will be gradually eliminated if these

projects are developed as planned.

1.1l Background

As én outlook from a long-range point of view, the Turkish Government
has predicted that it will be necessary to additiomnally _constcht
capacity of 32,000 HW.(annual average growth rate 7.3 percent) .and
electric energy of 190,000 GWh (annual average growth rate 7.7 per-
cent) according to the demand forecast for the 18-year perlod from
1987 to 2005. Of thlS amount it 1s proposed to develop approx1mate1y'
26 000 MW and 81, 000 GWh, respectlvely, of hydro power. o

It has been published in the Annual ‘Report of 1983 that the energy
resources of Turkey are 537 x 108 tons of petroleum, 12,900 x 10% tons
of coal, and 30,800 MW of hydroelectric potentlal The productlon of
0il would supply only about 10 to 20 percent of domest1c demand The.
productlon of coal 13 about 20 m11llon tons annually, but there is
llttle hard cosal, w1th most of the productlon con913t1ng of 11gn1te.
which 1s not of very good qual1ty, maklng 1t d1ff1cu1t to use thls for
purposes other than fuel Therefore, hard coal is belng used for
1ndustrlal purposes and llgnlte for heat1ng and for thermal power

generatlon.



On the other hand, with regard to hydro, although Turkey is situated
in a dry area, since the country as a whole is in the form of a pla-
teau, the hydroelectric potential is fairly large, and from the
viewpoint that it is a purely domestic energy resource, the Turkish
Government has been actively ‘promoting its development. From the
standpoint of effective utilization of domestic energy, the Government
plans to continue to aggressively develop hydro in the future to bring
‘the ratio of hydro versus thermal to 50:30 or 55:45. 1In addition to
the large-scale hydros previously meationed, preparations are underway
to start construction of Kayraktepe Hydroelectric Power Plant
(420 MW), Ilisu ‘Hydroelectric- Power Plant (1,200 MW), . Boyabat
Hydroelectric Power Plant (510 MW), etc.,, in the very near future, and
plans are ready for development of new sites following these projects.
The -hydroelectric potential of Turkey is concentrated in the eastern
part of the country, Hydroelectric power development at sites near
‘TIstanbul and load centers in the west has reached a stage of comple-
tion, and development is shifting to the eastern region which is far

away from load centers.

It was under siich circumstances that the Turkish Government selected
the Coruh River for large-scale development of the next generation,
and in 1982 prepared a Master Plan for an integrated development

scheme for the river in anticipation of its development.

The Coruh River is a swift-flowing river 1ocatéd at the easternmost
part of Turkey which has approximately 10 percent (3,000 MW) of the
hydroelectriec potential in the country, The river'basin is surrounded
by steep mountains, while the runoff is on the large side compared
with other rivers in Turkey, and so the river is ideal for

hydroelectric power development.

Aé;ofdiﬁg to the Master Plan, Yusufeli Hydroelectric Power Plant of a
reservoir type and Artvin Hydrdeleétric Power Plant of reguléting
reservoif type on the downstream are.planned on the middle reaches of
the Coruh Rivef; an& thése’iwo schemés are the key projects of Coruh

River integratéﬁ developﬁent.

In order to realize this hydroelectric power development project, the
‘Turkish Government requested the Japanese Government for technical

‘cooperation to conduct a feasibility study of the Project.

-3



1.2

In response to this request the Japanese Government dispatched a
Preliminary Study Team headed by  Mr. Haruo Suzuki of the Japan
Intefnational_Cooperation Agency (JICA) to Turkey in Novembe; 1984 for
exchange of opinions with the Turkish Government and to carry out a
rough fleld reconnalssance. Based on the results of the diécussioﬁs_

with the Turkish Authorities and the field reconnaissance, a "Scope of

-Work for the Feasibility Study .on Coruh River Hydroelectric Power

Development Project in the Republié of Turkey,” was agreed upon -in
November 1984 between EIE of Turkey and JICA.

Scope of Study and Field Investigation

The objective of the study is to examine the Yusufell and Artvin
hydroelectric power development projects situated at the middle
reachaes of the Coruh River, which empties into the Black Sea, baged on
existing data and field investigatons in order to evaluate Whgther the
Project would be feasible from technical and economic points of view,

and to complle the results of the study In a report.

-The scope of the investigation is to consist of field investigations

and study in Turkey, and study in Japan. The work to be performed in
Turkey would 1include field reconnaissances, collection, anmalyses and
evaluation of data, outline study of the power generation scheme, for-
mulation of investigation works plan, and the execution of investiga-~

tion works.

The investigation works consisted of topographical surveying,

geological 1nvest1gation works and various tests.

Study in Japan consiéted of formulating the optimum power development
plan for the Project based on existing data, and results 6f’field_
investigations and investigation works to prepare preliminary designs,

cost estimate, and conducted economic and financlal analysls, etc.

JICA commenced the work in March 1985 bagéd: on the aboVeﬁénfioned
"Scopé of Wbrks",'foilowiﬁg which a Survey.Team was aisﬁatéhéd to
Turkey on May 28, 1985 to carry out field investigétions for tﬁe
Project. The Survey Team engaged in collection and analyses of

related data, field reconnaissances, and a rough examination_of the:



Project with the cooperation of EIE from May 30 to July 23. During
. this time, an “Inception Report" was submitted to EIE on June 17,
1985,

In Sugcessioﬁ to the above, the Survey Team carrled out in-situ rock
tests at the project site untlil September 5, 1985 with the cooperation
of EIE.

On returning to Japan the Survey Team performed studies in the field
of power demand forecast, hydrology, geology, materials, optimum deve-
lopment plan, etc. During this time, the First and Second Progress
Reﬁorts were submitted to EIE in September and December 1985, respec—
tively.

‘The Survey Team visited Turkey agéin from January 38 to February 28,
1986,  to conduct field reconnaissance once again of the project area
‘and collection of additional data. Following this, discussions were
held'cbncerning the optimum development pian with EIE and an Interim

Report on the Project was submitted to EIE.

Based on the results of the above field reconnaissance and discussions
with FIE, power demand and supply forecast, selection of optimum deve-
lopment plan, preliminary design, construction cost estimation,
constructlon schedule, and financial and economic analyses were con-
ducted in Japan. During this time, a Third Progress Report was sub-
‘mitted to EIE in August 1986.

The reéults of investigations and gtudies of the Project were compiled
-in the “"Final Report {Draft}”" which was discussed with EIE in Rovember
1986, followed by preparation of the "Final Reporit” in December 1986.

The members of the Survey Team and the persons of the Turkish
Government who cooperated with the investigation are listed below.
ALt membérs of the Survey Team are engineers and economists of the

Eiectric Power Development Co., Ltd.



{Name)

Mamoru TAKAICHI
Kiyoshi KONISHI
Kiyoshi SHIOTA

Junichi MIYAKE

Takayuki NITMURA

Yozo FUKUTAKE

fadahisa UDOH
Kelji IGUCHI

. Yosuke SUZUKL
.Haruyuki OKAMOTG
Tateshi MURAI

Tetsuya HIRAHARA

TURKEY

EIE:

{Assignment)

Team Leader

May
(Civil Engineer) Jan
~Planning. Hay
(Civil Engineer) Feb
Design . May
(Civil Engineer) Jan
Cost Estimating May
{Civil Engineer)
Hydrology " May
(Civil Engineer) :
Geology May
(Senior Engineering Jan

Geologist) :

Geology (Testing) Jul.
(Civil Engineer) Jan
Geology.(TESting) Jul
(Geologist)
Electric Power Planning May
(Electrical Engineer)
Power Syétem Planning May
(Electrical Engineer)
Economics May
Fconomics May

Mr. Suheyl ELBIR
Mr., Kemal ARKUN

" Mr. Vqral SELCEN

Civil Engineering Group
Mr. Nezih SAYAN

Mr. Engin ERBERIK

Mr. Sukru KARABIBER
Miss Hatice TURAN

Genér31 Diréctof

- (Period)

26

30

28

14

28
30

28

28.

28
30

28

28

28

28

Jui
Feb

Jul
Feb

. iul

Feb

Jul

Jul

Jul
Feb

Sep
Feb
Sep
Jun
Jun

Jun

Juh

Assistant General Director

26,
28,

26,
28,

26,
28,
i1,

11,

26,
28,

13,
28,
13,
26,

26,

26,

26,

Assistant General Director =
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1986

1985
1986

1985
1986

1985

1985

1985

1986

1985
1986

1985

1985

1985

1985

1985

Head of Project Design Department



Mr. Vildirim VARLIK
Mr., Necati KUSKONMAZ

Mr. Vokan DIPCIN
Mr. Nedim GONUL

Electrical Engineering Group

Mrs. Senel TEKELI

Mr. Mehmet GUNGOR
Mr. Behzat AKBAYIR

Geologist Group
Mr. Mehmet TARAKCI

Mr. Erdal BULUTLAR
Mr, Yuksel TAN
Mr. Turgut CANLI
Mr. Salih GUNAY
Mr. Muotlu BERIK
Mr. Osman NARIN

Mrs. Ulker SOYLEMEZOGLU
Mr. Necmettin DANAGLY

Mr. Bayram UYSAL

- Geolophysicist Gfoup

Mr. Osman DEMIRAG

Mr, Vell DEMIROGLU

Mr. Eyyup ACAR

Hydrologist Group
Mr. Mete TURKSOY

Mr. H. Yasar KUTOGLU
Mr. Mehmet TANRIKULU

- Mr., Hayati HANCER
Mr. Adil ALISIk

Others

Mr. Yilmaz TURKMENOGLU

Agsistant Head of Project Design
Department

Head of Geology and Driling
Department

Head of Hydrological Survey
Department
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DSI1:

Mr.

Mr.
Mr.
Mr.,
Mr.

TEK:

Mr.

Mr.

ODE0:.

Mr.

Ahmet UNVER
Ozder BILEN
Hivant MUMCAN
Erdogan BASMACI
Namik AKCANBAS

Guner ASAN
Suat KIZILYALLI

Mustafa ERDIK

Information and Data

The project studies were counducted with exilsting information and data

mainly made available by EIE,

Assistant General Director

through field investigations and investigation works.

Topographic maps, hydrologic data, cost estimate'data, powér supply

and demand data, economic and financial data, etc. which were used in

the studies are listed in Appendix 6.
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CHAPTER 2. GENERAL SITUATION IN THE REPUBLIC OF TURKEY

2.1 Geography

The Republic of Turkey is geographically located between north latitu-
des 42°06' and 35°51', and east longitudes 44°48' and 25°40', and is
situated at the connecting point between the European and Asian cou-

tinents,

The country is in the shape of a rectangle, 650 km wide and 1,565 km
long having a total area of 779,452 km?, 97% of this area belongs to
the Aratolian Peninsula at the westernmost tip of Asia calied Asia
Minor, with the remainiﬁg 3% being the Thrace Region in the south-
eastern part of the Balkan Peninsula located at the eastern tip of the

European countinent.

The land is bouunded on the south by the Mediterranean Sea, on the west
by_the Aegean Sea and Bulgaria and Greece, on the north by the Black

Sea, and on the east by the Soviet Umion, Irag¢, Iran and Syria.

Eroadly difiding the land geographically, it consists of the
Aegéan“Mediterranean' Region, Black Sea Coast Region, Eastern and
Central Anstolia Regiom, and the Scuthern Aratolia Region. 96% of the
land helongs to a steppe type c¢limate =zone called the Anatolian

Plateau, and only 30% of the land is cultivated.

The mean elevation of the land is 1,132 m with no more than 20% of the
land being below elevation 500 m, The mean elevation of Ankara, the

capital city, is 902 m.

Représeﬁtative rivers'are the Kizilirmak River (1,355 km), the longest
.iﬁ Turkey,'ghé Sakaryé River (825 km), the Seyhan River (560 km) and
 thé'Yeéi1irmaR~Rivet (520 km), besides these, there are the famous
-Tigris.aﬁd Euphfatés éhiéh are intetnational rivers that rise within

the boundaries of Turkey.

“Lake Van {3,700 km?) in Eastern Anatolia, and Lake Tuz (1,500 ku?) in
Ceantral ‘Anatolia are representative lakes, and both are salt water
lakes. Artificial lakes are Lake Keban (675 km2) on the Euphrates

River aund Lake Hirfanli (263 km?) on the Kizilirmak River which are
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2.2

well-known, and both are playing important roles as reservoirs for

hydroelectric power generation, namely, as water power energy resour-—

ces.,

Most of the wountain areas are situated in the Eastern Aratolia Region
bounded by the Soviet Union and ‘Iran. Mt._Ararat_(S,lGS_m) is the
most famous mounﬁain,. besides which there are._peéks sach as Mt,
Suphan (4,434 m), Mt, Kackar (3,932 m), and Mt. Erciyes (3,916 m), and
this region comprises the greatest hydroelectric. potential area of

Turkey.

Vegetation differs according to the climate and topographical con-
ditions, but the country can be broadly divided into the following

regions,

Black Sea (ocast Region : Forest zones are distributed at mountain
slopes facing the shoreline, with oak,

‘elm and birch being the predominant spe-

cies.
Aegean~Mediterranean :  Qlive, citrus, and pine are the predomi-
Coast Region nant species along the mountain areas,

Anatolian Plateau Area :  The vegetation consists of_natdral forage

and scattered forests.

Climate

In spite of the fact that three sides - north, west, sduth - of Turkey
are bonded by sea (Black Sea, Aegean Sea and Mediterranean Sea, total
coast-line 8,400 km), the mean elevation of the cduntfy is 1'132 m,
The c¢limate dszers greally according to reglon due to the lanuence
of the mountaln ranges running parallel to the coast line from north

to south.
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2.2.1

2.2.2

Temparature

 The annual mean temperature in the Black Sea (oast Region is a mild

14°C to 15°C, while in midsummer of July and August, temperatures

are from 22°C to 24°C which is relatively comfortable, and in the
cold gseason of January and February the temperature is from 5°C to

7°C and the climate is not very severe.

The annual mean temperature of the Aegean-Mediterranean Region is a
warm 18°C to 20°C, a so-called Mediterranean climate.. The tem-
peratufe climbs higher tham 27°C in summer, but it is mild from 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, a continental
climate with extremes of hot and coid. In midsummer it becomes
buraning hot,'while in mid-winter warm winds are shut off by mountain
ranges running parallel to the coast line and many areas are hit by
cold waves of 0°C to -10°C,

Precipitation

Turkey is subject both to a continental type climate characterized
by rainy weather throughout the year and also to a subtropical cli-
mate distinguished by dry sﬁmmers. Rainfalls are gemerally observed
on the slopes of the nount ains facing the seas. But moving towards
the interior areas, the rainfall gradually becowes less. Thus there

is a substantial variation in precipitation from region to regiom.

In the Agean-Mediterranean Regiou the rainy season continues from

autumn to late spring, while in the Black Sea Coast Region there is

rainfall throughdut the year. The precipitation in the inland areas

consists mainly of smowfall in the wintertime succeeded by rainfall

in the early spring, with almost no precipitation in the other

periods,

The.climates of the main cities are shown in Table 2-1.



Table 21 Climate in the Main Cities

Selected : Altitude Temperature (°C) Average | Average
Citles Reglons abogz)Sea Average | Lowest ] liighest Hu?égit iiigi?;;§“
Istanbul | Mar. 39 -1@.6 ~16.1 40.5 | }5 673.4
Ankara | Cent.A. 902 | 11.8 |-24.9 | 40.0 | 60 367.0
Izmir | Aegean 25 17.6 | ~8.2 42.7. 65 700.2
Adana Medit. 20 18.7 -8.4 45.6 66 646.8
pdirne | Thrace 48 13.5 |-22.2 | 4n5 ) 70 599.3
Bursa | Mar. 100 1.4 | =25.7 42.6 69 713.1
Antalya | Medit. 42 18.6 4.6 447 64 1,067.2
Urfa S.East A. 547 18.1 | -12.4 | 46.5 48 473.1
Zonguldal W.Black S. 136 13.5 -8.0 - 40.5 75 S 1,242.9
Rize E.Black S. 4 14.2 ~7.0 37.9 78 2,357.0
Van East A. 1,725 8.8 | ~28.7 37.5 59 384.0
Agri N.East A. 1,632 6.1 | -43.2 38.0 67 528.5
Mugla Aegean 6406 15.0 ~12.6 41.2 60 1,220.9
Source: General Directorate of Meteorology

2.3 Population

The total population as of the.end of 1984 was 48,300,000, the ratio

between urban and rural areas being 46:54.

90% of the people are Turks, with the reﬁainder_made up. by Kurds,

Arablans, Armenians, Greeks and others.

Moslems comprise 99% of the

population with the remaining 1% being of Vérious Ch;istian,denomina-

tions.




2.4

‘Economy

The economy in the Repﬁblic 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, approximately 554 of

industrial production is by the public sector.

In 1960 the State Planning Organization was established and a
Long~Range Fifteen-Year Economic Development Plan was formulated to
start from 1263. Since 1963, a planned economy has been implemented,
the objective being to attain an annual average economic growth rate

of a 7% level.

This target is to be realized through promoting industrialization and

absorbing surplus labor of agriculture into the industrial sector.

At present, the Fifth Five-Year Development Plan (1985-1989) is being
implemented. In the Fourth Five-Year Development Plan (1979-1983), it

was plannéd.to attain an economic growth of BZ annually by.investing

-10,595 x 109 TL (1983 prices), but the actual performance was as shown

in Table 2-2, and the growth rate was approximately 2.0%, considerably

below the plamned level.
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Table 2~2 Growth Rates during Planned Development Period by Sectors

% Increase {at 1968 Factor Prices)

st Pilan iind Plan  Ilird Plan 1978  IVth Plan
Average Average Average - Average Average
{(1963- (1968~ (1973~ {1979~
1967) 1972) 1977) 1983)
1. Agriculture
a, Target 4.2 4.1 4.6 4.1 5.3
b. Realisation 3.1 3.5 3.5 2.4 2.2
2. Industry
a. Target 12,3 12.0 11.2 8.0 9.9
b. Realisation 10.8 7.8 9.8 3.7 1.7
3. Services
b, Realisation 7.3 7.9 7.9 4.1 . 2.5
4, Gross Domestic
Produ;t
b. Realisation 6.4 6.8 7.3 3.6 2.3
5. Gross Nationmal Product
a. Target 7.0 7.0 7.9 6.1 8.0
b. Realisation 6.6 7.1 6.5 3.0 2.0

Source: Economic Report {Turkey) 1984
Publication No. 1984/13

In the Fifth Five-Year Development Plan,.it is planned to invest a
total of 14,413 x 109 TL (1983 prices), the breakdown of which is 57%.
for the public sector, and 43% for the private secfor, By categofy,
the investment is to be 27.04% for manufacturing industries, 18.,57%
for transportation and communications, 15.20% for housing, 11,37% for
agriculture, 14.89% for energy, and 12.93% for others, with which it:
is planned to achieve an annual average growth of 6.3%. The major
economic activities during the 5~yearlperiod of 1980-1984 (with estim-

tes partially included) are indicated in Table 2-3,



Table 2—3 Economic Activity

Item Unit 1980 1981 1982 1983 1984
GNP (Current 1091L | 4,435.1| 6,553.6| 8,735.1{ 11,485.2] 17,458.0
Price)

Foreign Deficit | 109TL N.A. N.A. 187.5 476.0 611.4
Total Resources | 109TL N.A. N.A. 8,909.3 | 11,961.0! 18,069.8
Growth Rate 1/ %1 -1l | 4.6 3.3 5.9
Total Investment | 10%TL | 1,156.6| 1,572.6) 1,774.6| 2,376.0| 3,513.0
Fixed Capital

 Invement 10971, 863.6 | 1,241.41 1,646.9] 2,181.0{ 3,190.4
Stock Changes | .10%TL 293.0 331.2 127.7 195.0 322.6
Total Consumptiod 109TL N.A, N.A. 7,134.7)  9,585.0{ 14,556.8
GNP by O:igin

Agriculture % 22.1 21.8 22,1 21.4 21.0
Industry % 23.2 25.2 25.6 26.4 27.1
Services % 54.7 53.0 52,3 52.2 51.9
2/

Per Capita_GNP T.L. 99,805.0 | l44,467.0 | 188,613.0°| 244,276.0 | 379,973.0

i/ Producers' valves at 1968 prices

2/ 1 Current Producers' Prices

Source;" Thé'Turkish Economy 85 (TUSIAD)

The rates of increase in wholesale price indices and unemployment
rates in the latest 5 years are as follows:
Wholesale price index
- (Yearly average, o )
Unemployment

percent change)

1980
1981
los2
1933'

1984

%)
- 107.2
36.8
25.2
30.6

52.0

(%)
14.8
15.2
15.6
16.1

16.5
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The exchange rate between the U.S, dollar and the Turkish Lira had

been revised annually or monthly as necessary,

adjustments have been made daily.
below.

TL/S (Yeaf*end)

1976 ~ 16.50

1977 - 19.25

1978 - 25.00

1979 - 35.00

1980 - 89.25

but since May 1981,

the

The recent record 1is as shown

TL/$ (Year—-end)
1981 - 132.30
1982 - 184,90
1983 - 280.00
1984 ~ 443.30
1985 -

The recent state of foreign trade of Turkey is

574.00

as shown in Table 2-4.

Table 2—4 Foreign. Trade

106 5 (%)
1980 1981 1982 1983 1984

Exports : Total (FOB) 2,910 | 4,703 | 5,746 | 5,728 | 7,134
Agricultural Products 1,672 2,219 2,141 | 1,881 1,749
(57.46) | (47.18).1 (37.26) | (32.84) | (24.52)
Processed and 1,047 | 2,200 | 3,430 | 3,658 | 5,145
Manufactured Products (35.98) | (48.69) 1 (59.69) | (63.86) | (72.12)
Mining and Quarrying 191 194 175 189 240
Products . (6.56) | (4.13)| (3.05)| (3.30)| (3.36)
Imports : Total (CIF) 7,910 | 8,933 | 8,843 | 9,235 | 10,757
Agricuture and Livestock 50 125 176 | 138 417.
(0.63) | (1.40) | (1.99) | (1.49)} (3.88)
Mining and Quarrying 4,006 | 4,099 | 3,960 | 3,864 | 3,908
(50.66) | (45.89) | (44.78) | (41.84) | (36.33)

Industrial Products 3,756 | 4,640 | 4,658 | 5,177 | 6,338 |
: (47.52) | (51.94) | (52.67) | (56.06) | (58.92)

Source: The Turkish Economy 85 {TUSJAD)



‘Exports in 1984 consisted mostly of textiles, processed foodstuffs,
agricultﬁral products such as grain and leaf tobacco, leather goods,
and metal products. On the‘bther hand, the principal items of imports
were  crude 0il, wmachinery, chemical products, and steel. Of the
amount of imports, crude oil took up 31%, followed by machinery at
15%. '

The main trading partners in 1984 were as follows:

Export

West Germany, Iraq, Iran, Italy, Saudi Arabia

Import

Iran, West Germany, U.8.A., Iraq, Libya

Approximately 52% of both exports and imports are with OECD countries,
and almost all of the remainder being barter with the Soviet Union,
West European countries and OPEC countries based on bilateral trade

agreements.

The balance of trade is constantly that of a deficit, and in 1984,
ekports amounted to §7,134 x 105 and imports to $10,757 x 106
recarding-é deficit of épproximately $3,623 x 10, The main reason
for the deficit was the de#endency of_import of crude oil and other
'forﬁs.of petroleum, amounting to $3,637 x 106, making up about 34% of

total imports.

The Turkish Government is encouraging laborers in the country to
‘emigrate to oil-producing countries and is making efforts to promote
tourism to increase foreign exchange income, and the recent balances

of emigration and tourism revenues are as follows:
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Table 2--6  Emigration and Tourism

Cummulative Home Tourism

Person/year - Total . Remittance Revenue

~ (10%) (10%%)

1980 28,503 914,068 2,071,1 N.A.
1981 58,753 972,821 2,489.7 N.A.
1982 49,388 1,022,209  2,286.7 375.8
1983 52,470 1,074,609  1,583,7 411.0
1984 41,599 1,116,472 '1;881.2 547.9

The international balance of trade in 1984 in terms of current balance
and overall balance wereminus $1,407 x 10% and $793 x 106, respec—

tively {source: Central Bank, tentative figures).

Energy Resources

Securing energy 15 an extremely importanﬁ matter for Turkey which is

attempting to transform the industrial structure of the country from

mainly agriculture to an industry oriented economy by pursuing an eco-

nomic development plan spread over a number of ¥ears. waevef; the
demand and supply balance of electric power 1in Tﬁfkey' has been
constantly facing of a shortage in power supﬁly_capability, and this
situtaion is being tide over by imports of electric power from the
Soviet Union and Bulgaria. Therefore, development of electric power
is. a problem of urgent nature for the country. The ﬁresent_consump—

tion of energy in the country is as shown in Table 2-6.
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Table 26 Preliminary Energy Consumption

{Petroleum Equivalent)
: Unit: 1,000 tons

‘Kind 1980 - 1981 1982 1983 ‘1984
Coal 2,806 2,518 2,509 2,928 3,172
Lignite 4,260 - 4,650 4,877 5,310 5,910
Asphaltite s ' - - - - -
Perroleum Products 14,885 15,465 15,871 16,063 16,750
Hydraulic 2,576 2,837 3,014 3,216 3,631
Eleckricity Imports 261 336 404 610 © 450

Total Commerclal Enevgy 24,788 25,806 26,675 28,127 29,928

Wood 4,300 ° 4,300 4,300 4,300 4,300

Dung . B : . 2,380 . 2,400 2,400 2,400 2,400
Grand Total ' . 31,468 32,506 33,375 34,827 36,628

Note: 1984 estimate _ _
Source: Economic Report (Turkey) 1984,
rublication No. 1984/13

The'eiectric péwef édpply facilities as of 1984 was 8,459 MW (30,613
GWh) and the ratio of hydroelectric power gemerating facilities (3,875
Md) to thermal power generating facilities (4,584 MW) was 46% : 54%.

The economically develépable hydroeiectric potential of Turkey 1is
estimated at'30,800 Hw; and.only about 13% of tﬁis had been developed
as of 1984, and therefore this resource is antfcipated for development
in the future. Other domestic energy resbﬁrces of Turkey are petro-
- léuvm (estimated rteserves 57 x 106?t0n), hard coal, soft coal,and peat
{estimated reserves 12.9 x 109 ton), and uranium. In i984, although
on a small scale (15 MW), geothermal power generation was started,
while .research was begun on the wutilization of solar energy.
“According to TEK Annual Report - 1984;"the_ first unit of nuclear
power, 1,000 MW,'ié scﬁedule'to.be commissioned in 1992,
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2.6 ‘Transportation and Communications

The means of transportation available in Turkey ave highways, rail-
ways, watercraft, airvcraft,and pipelines. Roads, combiming natioval
and provincial highways, were of a total length of approximstely

61,000 km {1980), of which 89% was. paved,

Highways play the most important role in the transportation system,
and in 1980 accounted for 94% of passenget travel amnd 72% of freight
transportation. The number of vehicles registered was approximately

1,200,000 (1980), 55% of which consisted of passenger cars.

The total length of railways 1s 10,083 km, of which trunk lines
comprised 8,336 km (including 329 km of electrified lines), and branch

lines 1,747 km (including 72 km electrified).

Turkey is a peninsula surrounded by the Black Sea, the Aegean Sea, and
the Mediterranean Sea, so that ports and harbors have been developed
from historical ages, and there are néw 10 éeaports for international
trade and 65 others as well. Istanbul is an important port city which

straddles two contiments.

Airports include the three international'airports of TIstanbul, Ankara, o
and Izmir, besides which there are 10 others at major cities in the

country and scheduled flights are operated.

The means of communications in Turkey are maii, telegraph, and
telephone. The number of post offices as of 1980 were 949 main sta-

tions, 2,102 branch stations, and 7,284 dgents. The telephone is not
yet popularly utilized and mail is the most important means of com~

munication,

Broadcasts of radio and television cover the entire country although

the rates of receiving set ownership are still low,
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CHAPTER 3. GENERAL CONDITION IN PROJECT ARFA AND SURROUNDINGS

3.1 General Gondition in'Surrounding of Project Area
3.1.1 General Condition

The Coruh River Basin in which the project area is located encom-
pases an area from 39°33' to 41°32' north latitude and 20°40' to
42°39' east longitude, and is situwated in the northeastern part of

Turkéy close to the border with the U.S.S.R.

The Coruh River Basin is surrounded by the mountain peaks of Tatos
(3,937 m) and Soganli (2,856 m) to the north and Kop (2,953 m),
Mescit (3,255 m), and Kargapazari (3,288 m) to the south, and

comprises a highland with much undulation,

The maianstream- Coruh River rises ffom the Mescit Mountain Range
(highest peak 3,255 m), flows west, and changes its course to the
east from the vicinity of Bayburt. In the vicinity Yusufeli at the
‘midstream part, it changes its course roughly to the northeast,
enters Soviet territory approximately 20 km upstream from the river
mouth and empties into the Black Sea. The length and catchment area
df the Coruh River in Turkish territory are approximately 390 km and
19,750 km? (approximately 2.53 percent of entire Turkey), respec-
tively.

The Coruh River Basin is generally of continental climate at the
midstream and'upstreaﬁ.of the river, and Black Sea climate at the
downstream area. Annual.precipitétidn is from 300 to 500 mm in the
midstreéﬁ'and upstréam éreas and 1,000 to.1,500 mm in the downstream
_area, The annual mean, annual maximum, and annual minimum, air tem—~

7 beratqres in the basin are38;1°C, 43°C and -31.3°C, respectively.

The Coruh River Bain drains.the following five provinces with areas

and population (as of 1980) listed below.
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Area_(kmz) Population Capita/km2

Artvin 7,436 228,997 3
Erzurum 25,066 801,809 32
Gumushane 10,227 275,191 27
Kars ' 18,557 700,238 a8
Erzincan 11,903 282,022 - 24

There are ten counties, Artvia, Avrdanuc, Borcka, Savsat, Yusufeli,
Ispir, Oltu, Olur, Tortum, and Bayburt, the total population of
which (as of 1980) was 447,866, and the population density is 27 per
square kilometer. The population of urban and rural districts is

78,029 and 369,837, respectively.

The people living in the basin are mainly engéged in agricﬁlture and
animal bhusbandry., At the downstream and midstream areas of the
Coruh River, farmland comprises only 6 percent of the entire area.
and grape and seversl kinds of other fruits ave being produced. At
the Bayburt Plain in the upstream area of the Coruh River, there is
farmland that has been developed and irrigation is being carried

out.

The agricultural products of the Coruh River Basin as a whole comn-
sist mainly of wheat, barley, rye, corn, potato, ete., besides which

there are also millet, rice, beans, tobacco, beet, fruits, ete.

Industry consists of mining, dressing of minerals and lumber mills

in the vicinity of Artvin.

Copper is being mined and refined at Goktas which is close the city
of Artvin. Chrome, éoal, iron, and copper are mined near Bayburt
" and Moden. Ligniterhas been discovered in the vicinity of Ispir,
and salt, coal, and chrome at Oltu and Tortum, and these are being

mined.

3-2



The following small-scale factories exist in the basin,

Artvin Fiberboard factory
Borcka Lumber mill
Goktas - Dressing facilities for copper ore and smelting,

and sulphuric acid factory
Muratli Tea factory

Bayburt Brick plant
Flour mill

Milk, butter, cheese plant

Domestic water for the main cities and towns .in the basin such as
Artviﬁ; Borcké, Yusufeli, Aidonus, Savsat, Qltu, Tottum, Ispir, and
Bayburtris supplied completely by the City Bank and the General
Directorate of Roads, Water, Electricity (YSE). Practically all of
the supply facilities for domestic water to villages are also pro-

vided by YSE.

National highways (2 routes)} paved with asphalt run through the
basin, These are the Trabzon-Bayburt-Erzurum highway (Route A) and
the Trabzon-Hopa-Artvin-Erzurum highway (Route B). Route B is
branched at the confluence of the Tortum and Qltu Rivers and passes
through Oltu and Narman and another route runs along Lake Tortum and
the Tortum River, Ersurum has access to air and railway travel, and

Trabzon to air travel.

Although outside the river'basing there are port facilities at Hopa

" -at the Black Sea coast 35 km from Borcka.
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