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PREFACE

In response to a request from the Government of Republic of Turkey, the Govémment'of
Japan decided to conduct the Techniéal Cooperation for Feasibifity Study on Coruh-Berta

" Hydroelectric Power Development Project of Repubnc of Turkey and entrusted the study to

Japan International Cooperahon Agency (JICA)

JICA sent a sludy team led by Mr. Taisuke HASEGAWA of E!ectric Power Deve[opment .
Co., Ltd. to Republic of Turkey six times from November 19395 to October 1997.

‘The team held discussions with the officials concerned of the Govemmenl of Republic of |

Turkey, and conducted refated field surveys. After returning to Japan the team conducted
further studies and complled the final results in this report.

I hope this report will contribute to the promotion of the plan and to enhancement of friendly

relations between our two countries.

I wish to expr_es;_s my sincere appreciation to the officials c_onc’erned'of Republic of Turkey for

their close cooperation throughout the study.

December 1997

Kimio FUJITA
., President '
3 .Japan Intemallona! Cooperatlon Agency



December 1997 -

- Mir. Kimio Fujita

President

Japan International Cooperalion Agency
Tokyo, Japan

Dear Mr. Fujita .
; i.e_tter of Transmittal

We are pleased o submn to you the feaSiblllty report on the (;oruh Berta Hydroelectnc_'
Power DeveIOpment PrOJect of the Republic of Turkey. “The repoﬂ contains lhe advice and
suggesuons of a_uthontles concemed of the Goverament of Japan-and your Agency as well
as the formulation of the above mentioned project. Also included are comments made by
the Electrical Survey and Development Administration of the Republic of Turkey during
technical discussions on the draft reporl which were held in ANKARA of the Republic of
Turkey.

This report presents a scheme of development for Hydraulic Power Project in accordance

“with the demand forecast up to 2010. Upon completion of each stage of the Projecl, the
shortage of power will be .efiminated. thus greatly contributing to the improvement in stability
of eleclric power net works is northeaslern part of Turkey.

in view of the urgency of power déevelopment in the Republic of Turkey and of the need for
socio-economic development of the Republic of Turkey as a whole, we recommand that the
Government of Turkey implement this Project as a top priority.

We wish to take this opportunity to express our sincere gratitude to your Agency, the
Ministry of Foreign Affairs, and the Ministry of Energy and Natural Resources. We also wish
to express our deep gratitude to the Electrical Survey and Development Administration (EIE)
and other authorities’ concerned of the Government of the Republic of Turkey for the close
cooperation and assistance extended to us during our investigations and study.

Very truly yours,

ShM Y

Taisuke Hasegawa

Team Leader

Coruh-Berta Hydroelectric
Power Development Project
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SUNMMARY

This report concerns the * feasibility study of the Coruh-Berta Hydroelectiic Power
Development Project of the Republic of Turkey. - The feasibilily study has been conducled
from 1995 to 1997 by the Japan fntematlonal Cooperatton Agency (JICA) under a technical

- cooperallon program of the Govemment of Japan

- This report is'subrriilled‘b.y'J'lCA lhrbugh the Ministry of Foreign Affairs of the Japanese -

- Government, to the General Directorate of Electrlc Survey and Development Admmlslrahon

(E!E) of the Government of Turkey

A brief summary of the resulls of the feasibility study is presented in the follbwihg part of this

“ section.

(1} Character of the Project

‘The river basin of Coruh is divided into two parls, that is, Black sea climate with heavy rain

in downstream area and Eastern climate as continental climate in upstream area.

Berta river area is localed al the middle of Coruh river in North East belonging 1o East

climate area, but have an strong effect of Black sea climate and 624 mm yearly rainfall.

By above heavy rainfall, yearly discharge amount is 1.65 m%s/100 km’ at Baglik damsite,

which is equivalent to 1.5 times of whole average discharge of Coruh river.

The river inclination of Berta river between Bayram dam and the tailrace outlet of Baghk

power station is more than 1/70, which is fairly steep.

: Thé undeveloped hydropower resources in Goruh river is equivalent to 10% of undeveloped

hydropower _re_sour’ce:s in Turkey.

Elg has studied M/P of Coruh river hydropower development scheme in- 1982, and
* proposed total 29 'schemes with 10 schemes in main river, 19 schemes in tributary including

2 schemes in Berla river.



Above schemes, 5 schemes of detailed désign in main river, total installed capacity
1,957 MW have already been finished.

Additionally 5 schemes in main river and 5 schemes in tributary, tota! installed capacity
© 883 MW, those F/S have been finished.

© Further more the Deriner scheme of 670 MW capacily located at the downstream of Baghk
scheme is going to starl the construction by getting foreign loan as all preparatory works

. have been finished.

The hydraulic power schemes in Berta river have 42% of power plant factor thanks to
- abundant natural condilions than that of average 37% of whole Coruh river's 29 schemes.

The tolal capacity in Berla river is 127 MW which is middle scale i Goruh river schemes.

: Addmonally those schemes have the same economic charactenshcs wuth construction cost
250 x 10° US$ as large scale schemes in Coruh main river.

'And there :s no senous prob!em for lransportahon because the national motor ways pass
through tne scheme area. ‘

A's-for electric transmission line, only 37 km new line v?o_u!d be ehough to the Deriner point.

As for submerged compensation, 65 hours in Bayram reservoir and 59 houses in Bayram
dam borrow area, although there are relocation of road and electric distribution net work.

- Most of those submerged houses are the temporary used one whach are used durmg winter

season wathout farm works

: There is no mduslry except farm and forestry in those schemes area. So :t wou!d be very
- difficult to find new mduslry at present. '




“But those scheme will employ thousands of men in the area and need a Tot of construclion

materials. -Additionally after completion of the schemes, sigh_lseeing'and leisure industry

would be expected to promote the area economic aclivities.

- {2) Demand Forecast and Power Development Plan

{a) ~PowerDemand Forecast -

‘As a result of 6091baring the estimate according to the régres_si_on formuta and the forecast
by TEAS, proximate values vere obtained and the demand forecast of TEAS was adopted.

~ Parenthetically, accmding' to the power demand forecast {as of 1994) the maxinum power
" demand in 2010 will be 43,590 MW and the energy producllon 271,450 GWh and an annual

- growth rate of 8 0% and annual Ioad factor of 70% are forecasl

) Power Development Plan .

According to the TEAS's power development plan

“The total instalted capacity in 2610 will be as much as 60,056 MW, of which the thermal and

nuclear powr amounts to 286, 9?0 Mw (62%) in comblnatnon while the hydroetectric power to
23, 086 MW (38%}

- (3)  Power System Analysis

An analysis was carried aut assuming the power system around the year 2010, the year of
co_mmissioning of Bayram and Baghk Power Stations, in order to check the characteristics of

power systems in the vicinity of the power stations,

There will not be any prob1em wnth system stabllily and short- carcumng capacaty in re!at:on to

the exushng syslem accompanymg comrnissioning of Berla pro;ecl



(4) Meteorology and Hydrology

(a) Dam Site Catchmeant Area angd Runoff

_ Bayram Baglhk
* Calchment area (Km?) 1,159 1,509 .
Annualinflow | {(10%%) 606 786 ®
Coqm¥sy 192 24.9
Specific runoff - m*s/100km? 1.65 1.65
Designfiood . m%s 1,660 1,830

| (b) Sedimentation

The annual suspended sediment volume at the projected dam site was determined to be as ‘

- follows:

 Bayramdam  Qgyo = 253,821 tonffyear |
Baghkdam  Quyp = 76,650 tonfiyear o e A

Based on the above, the sedimentation 50 years later is eslimated as follows:

‘Bayram dam Sw = 11.76 x 10°m
Baglik dam Sy =3.55x10%m®

(5}  Topography, Geology, Materials, and Earthquakes

(a) = Bayram Project

-1)"-'To'pog:éphy_,'i-':]'.35f. @
“The Berta river on which the Bayram project s located is a tributary of the Goruh river which

flow into the Black Sea, and one of rivers in the Kargal_ and Yalmzgam mountain ranges. The

mountain ranges on both sides of the Berla river have peaks from 1,000 to 3,000 m in
elevation, and e_xtend in belts from north-eas! to south-west. Unstable topographic features



such as large-scale landstides and collapses have nol been found in the results of

investigations which have been carried out so far in the project area.
2) Geology

All majbr civil structures in the Bayram oroject a}o to be constructed in the disiribut_ioniqf

-yolcanic rocks which belo_ng {o the Berta Formation of Cretaceous age in the Mesozoic. The
" bedrock at the dam site is composed of lhe Berta Formation Al the daim site alluvial deposit
which consists of sand and gravel is approxnmately 33 min thmkness The underground o

powerhouse site is emplaced in basalt of the Berta Formation. Al the powerhouse site the

‘RQD values of drilled cores are from 80% to 100% and_ the basall is good condilion for

excavalion. The tailrace tunnel route is in volcanic rocks of the Berta Formalion and large

- faults on the route have not been found. Watertightness of the reservoir is amply assuréd.

3)  Material
] jCore Material

Of the candidate borrow areas for soil material, C site was concluded to be suitable

from the view of transportation distance, qualily afjd_ volume,

The results of laboratory tests were as follows'
o+ specific grawty is 2.68~ 276 and no problem. |
» :_ Maximum dry densily is 1.70 ~ 192 tf/m’ at ophmum water content and no
problem. '
* Ingeneral, there is little scaller in gradation and s in the range 6! soil material.

Li) . Filter Material -

" For the filter malerial, the alluvial depasits on the present river bed in Bayram resenvoir
- were concluded 16 be suutabte from the v:ew of transporlallon distance, qual:ty and

volume



(i) * Rock Material

For the rock malerial, the basalt and volcanic breccia at Kirmizikaya quarry were
concluded to be suitable from the view of transportation distance, quality and volume.

{ivy  Concrete Aggregate

For the concrele aggregate, the alluvial deposits on the present river bed in Bayram
reservoir were concluded to be suilable as the first candidate site from the view of
transportation distance, quality and volume, and the basalt and volcanic breccia at

Kirmizikaya quarry as second candidate site.

- The results of laboratory tests for the material at first candidate site were as follows. |

Sand' - | _
*  Specific gravily 263~ 264
' Water absorption - 2.6 ~2.7% | 7
“* Other test results will give no problem fundamentatly.

~ Gravel BRI
% Specificgravity . 2.50~261
* Waterabsorption . 2.4 ~28%

T

__O'ther test results will give no p‘_rciblem' fundamentally.
4) Earthquake

The project area belongs to the seismic aclive z_dne by the North Anatolian Faul. _(zill Seismic
Risk Zone). ' . | '

- Maximum acceleration at the Lprojeé:i site ground surface was estimated as 150 Gal by the -
resuits of seismic risk analysis for the earthquake data in Turkey (1880 ~ 1997).

Design horizontal seismic coefficient for Bayrarh' dam (rockfil! dam):adopled k = 0.15 as the
safety side value.



(b) Baghk Project

1) Yopography

" The Berta river on which the Baghk project is located is a tributary of the Goruh river which

fiow into the Black Sea, and one of rivers in the Kargal and Yalnizoanm mountain radges. The

- mountain ranges on both sides of the Bera river have peaks from 1,000 to 3,000 m in

elevatioh. and extend in bells from north-gast to south-west. Un_slab!e topographic features

. such as large-scale landslides and coltapses have not been found in the results of

' investigations which have been carried out so far in the project area.

2) Geology

-7 Al major civil structures in the Baghk projéct are to be consiructed in the distribution of the -
* Yusufeli Formation of Jurass:c age, the Berta Formation of ‘Cretaceous age, and the

 Ikizdere granmc rocks which intrude into the Yusufeli Formation and the Berta Formation.

The bedrock at the dam site ts composed of hard hornfels of the Yusufeli Formation. Alluwal
deposit at the dam site whlch consists of sand and gravel is appfoxvmateiy &m in thickness.
The underground powerhouse site is emplaced in hornfels oi the Yusufeli Format:on At the
powerhouse site the - RQD values of drilled cores are from 60% to 80% and the Yusufel

Formation is good condition for excavauon The tailrace tunnel route is mainly in the Ilozdere: '

- granitic rocks and large faults on lhe route have not been found. Watertighlness of the

- reservoir is amply assured.

3) Materiat

i) Concrete Agg régate'

For the concrete aggregate lhe alluv:al deposqts on the present nver bed in Bayram
reservoir were concluded to be smtab'e as the first candidate site from the view of
transportation distance, quahty and volume, and the basalt and volcanic breccia at
Kirmizikaya quarry as second candidate site.

The results of laboratory tests for the material at first candidate site were as follows.
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4)

0] Sand
*  Specific gravity 263 ~264
* Water absorption 25~27%
* O.ther test results will give no problem fundamentally.

@iy Gravel _
+* Specific gravity - 2,50 ~ 261
* Water absorption . 2.4 ~2.8%
. * Other test results will give no problem fundamenially.

- Earthquake

“The p'roiéct area belongs to the seismic active zone by the North Analtolian Fau_it.'_ (H} Seismic

Risk zone}

i Maximum acceleration at the project site ground surface was eslimated as 190 Gal by the

results of seismic risk analysis for the earihiquake data in Turkey (1880 - 1997).

_ De5|gn horizontal seismic coeff c:ent for Ba§hk dam (concrete grawty dam) adopted k= 0 16

as the safely side value.

(6)

{a) .

(b)

lnvlestigations_ for Environmental Aspe¢!$

Bolh project sites lie in the barren area and low population denéity which has a trend

on decreasing. Popu!ataon lo be affected by the dam- teservonrs planned is
approxsmately 380 persons and 124 pnvate houses.

Land to be mundated is 3. 36 km? for the Bayram pro;ect and 0. 37 km for the Bagl k-
pro;ect There is no agriculture ang. dwelimg area in Baghk project szte although '
: Bayram pro;ecl site involves' 2439 da of local agﬂcullure area on" domestic.

_consumption. In’ addition to the iand to be inundated, 105. 25 da of agricuitural and

dwelliing area at Savai village is utmzed for borrow area.” These area produce no

~ special products. Economical aclivity of both sites are not high by low population

Hensity and industrial activity.



()

@

@

" nulrition leve! of Berla River is low and by rapid exchange of reservoir water.:
(B

| ig)

{h)

o

No forest exists in the both sites and no protected flora and animals especially found
exist in the project sites. No special fish is living in the Berta River.

~ Water reduction seclions, approximately 8 km for the Bayram project and 4.5 km for
‘the Baghk project will be formed by the implementation of both pf_ojecls.fos ~ 0.7

m¥sec of artificial discharge from both dams is planned for 3 months of dry season

‘considering of natural inflow volume for 2 sections in order to mainiain a natural riverj
- .water slream, although precuous organisms can not be found in these sections.
: ‘Appropnate amount of water on discharge to water reducllon sechons is to be demded :
by the detailed design study. '

Serious water pollution and eutrophication phenomena are not predicled, since

- Serious losses of sediment malters to be carried to the Goruh river mouth- and

_ _expansidn'of Salliﬁcaﬁon at river mouth region are not expected.

- On the construction works, poI!utidn prevention’ measures will be introduced in
- accordance with the related Turkish regulation. Land slope protechon measures will be

“adapted for dlsposa! and borrow area.

Locations of lreatment fac:lmes on waste water to be ongmated from workers and

concrete preparahon work are to be decided by the detailed design study.

Serious issues on environmental side is not found. Relocation of private and public

properties will be planned. Total cost on fand acquisition and relocation of properties is

~ accounted as 21.3% 16°USS. -
~ Optimum Developmant Plan ;

" Based on reSu!ts'of studies of development plans’ rhad'efu'p to this point, the Qoruh-B'erta

Hydroelectric Development Project is to be 2-step development scheme consisting of the o

Bayram project and the Bagdhk projéci_.



The Bayram project would consist of constructing dam 145 m in height on the Berla river at
the Bayram village sile approximately 2.5km downstream from the confiuence of the
Maydancik river and the $Savagat river to provide reservoir of high water level at EL. 740 m,
effective storage capacity 113 x 10°m®, drawing water of maximum 43'm’fs from an infake
at the right bank of the dam, generating power of maximum output of 68 MW and with
“effective head of 182.9m at underground powerhouse immediately downstream of the

intake, and the water after pbwer genefation would be discharged into the Berta river at the
- Kopribag village 2 km upstream from the confluence with the Kargal river by tailrace tunnel

of length of approximately 8 km, tnis deve!opment plan being the. oplimum development
plan. '

.For the Baghk p'rojecl, the Opiimunv developraent plan would consist of constructing dam
74 m in height on the Berta river al the Arklas village site approximately 250 m downstream

ol the confluence with the Sungu river to provide reservoir of high water Ie\rel EL. 530 m,

: effectrve storage capacity 1x 10°m’; drawing water of maximum 52 m>s from intake that is |

.'attached to the dam generatrng power of maximum output of 58 MW with etfechve head of

130.9 m at underground powerhouse rmmedrately downstream of the intake, and the water

afler power generahon would be discharged into the Berta | river at the Arktasr vrliage site byf o g%
tailrace tunnel of length of approxrmately 4.5 km |

{8) ~ Construction Program and the Cost
{a)  Construction Program IR

The main structures in the Beyram project area are rockfifl dam of height 145 m, intake,
penstock; underground powerhouse, and tailrace tunnel of approximately 8 km.

The mam slructures in the Baglrk pro;ect area are concrele gravity dam of herght 74 m,
mlake penslock underground powerhouse and a tarlrace lunne! of approxrmalely 4. 5 km

'Wrth stant of Operauon of Bayram project and Bagllk pro;ecl in 200? it will be necessary for

preparalrons for start of constructron to be made accordrng to the schedule below.
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Nov. 1995 - Dec. 1997 - Feasibility Study \ _
Jan. 1998 - Jun. 1998 Provision and Award of Final Design {6 months)

“Jul. 1998 - Dec. 1999 Final Design (1.5 years)
Jan. 2000 - Dec. 2000 * Financial Formulation (1 year) _
Jan. 2001 - Dec. 2001 Bidding and Award of Contract for Construction {1 year)

Jan. 2002 - Dec. 2006 Construction (5 years) -

The critical palh of the Bayram project is dam construclron and rt is necessary for aproper

schedule to be setup centered on this construclron

The crmcal path of the Baghk pl’OJecl |s powerhouse construction, and itis necessary for a:

: proper schedu!e o be sei up centered on this construction.
{b)  Conslruction Cost
" The time of eélimation is to be the initial part of Jan. 1996 with 1US$ at TL61,000. -

- The tolal construcllon cost’ of Bayram pro;ecl rs to be TL10 495,634 mrllron (US$1?2 060 .

thou::and L.C=TLG, 681,044 million, F.C= TL3, 814 520 million).

‘The total constru@:lioh'c:osk ofEBagnk' project is to be TL4,847,268 mitlion (US$79,463
' thousand, L.C=TL3,319,751 million, F.C=TL1,527,517 million).

ey Economic and FihanciaIAnalysis

(@ .. Economic Internal Rate of Return (EIRR)

 With due 'recognition of lhef'economic via'bility of the Project to be analyzed from a broéder
~ national perspectwe the quantrlahve impact represented by EIRR worked out 15.4%. Given
" the estimated real welghted average cost of caprlal for TEA$ standing at around 10- 12%,

the EIRRs well outnumber the cut-off rate’ lhereby makmg it possible to accept that the
Prolect with those sub-projécts altogether be substantially feasible, Benefit-Cost ratio also
surpassed the crucial cut-off rate of unit 1 0 wrth the eshmated 1.65.

"Reference; ADRB, bid.
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{o) Financial Internal Rate of Return (FIRR)

The FIRR of the investment plan with the accruable costs (base cost plus physical
contingency) and benefits expressed as per 1997 price level, worked out 11.9%. With the
current opportunity cost of c.a'pita! standing at around @ percent, the FIRRs for the Project,
by and large, outnumbers the real cost of capital in view, thereby making it possible to
accept the Project as financially viable. Yet, there remains somewhat the vulnerability of the

project to real price-hyke. Benefit-Costs ratio is estimated at1.22%, with the implication that

~ the project benefit is highér than the value of investment.
(¢} Sensitivity Analysis

The major financial risks associated with power project include lower grow’th in demand for

power and front end implementalion'defays.- Given the sirong demand growth experiénced

in the Project area, the former risk will be considered low. In the meantime, sénéitiyity f
analysis is lo be carried out for the foliowing'threé i:_ases to a_sééss the magnitude of the
possible risks therein: (i) lower lariff by 10%, (ii). capital cost overrun by 10%, and (ii) one

‘year delay in implementation.

The results of the analysis are summarized as follows.

Base - Benefils, -C'apital c, Im-p!em‘eh!ation'
| _Caéé 0% +10%  one- year delay
[ERR T 154% 128% | 142% '---14,3%f
E B-C Ratio 165 138 1.41 150
FIRR 11.9% o5%  108%  1i3%
F B-C Ratio - 12 120 IR R 18




- {10}  Financing Plan

{a) Financing Pian

Of the total “financial costs” for the project of US$311.9 milkon, the initial investment for the
foreign and local cost portions, exclusive of replacement cost in the 41-43" years in the
investment outlay worked out reéspective of US$95.5 million and S$$150.9 million, lhereby
leading to US$246 5 million in aggregate. Replacement cost accrued in the far Ialer years

during the project period is being excluded due to very fow probabimy of credit extended by o
‘ mlernat:onal or bi-lateral financing institutions. With the highly hypothetical assumption that: .

100 percent of these foreign and local cost (base cost plus physical contingencies) are
" presumably covered by multi, and bi-lateral aid agencies, notably, tie World Bank and the

- Qverseas Economic Cooperalion Fund, Japan, differences in financial terms and conditions

between - the two agencies are reiterated herewith in a bid to articulate the basic

“assumptions. j o o ,
| “Foreign Cost Portion | Local Cost Portion -
‘ ‘ _ ”Mu!tl-Latera1 " Bi- Lateral MullsLatera1 .... Bi-Lateral
' Financing Coverage (.%) 100 100 100 & - - 100-.
Loan Period (years) | 20 | 3b o 20 130
Grace Period_ (years) | 5 10 | 5 10
Loan Repayment Pe'ri'o.d {yrs) 15 20 _ 15 e 20.
Interest Rate (%) o 35 1 35 9.5 95

“{b)  Repayment Plan

In comphance with the hypolhet:cal parameters assocrated with the twao financing sources as

~ above, annuity payments are ca!cu!aled as fo!lows



) Foreign Cost Portion | Local Cost Portion
‘Muilti-Lateral | Bi-Lateral [Multi-Lateral Bi-Lateral
Disbursement (US$million) 95.5 95.5 150.9 | 1509
Principal {US$million) | 101 i g55 1845 | 150.9
 lcumutative Repayme.nt (US$milli0nj 1322 i 1570 3535 4451
‘lAnnual Payment (USS$million) 88 -1 67 236 17.1
. ‘{Present value of Repayments (S$milion) 85.5 855 11172 1168

in a bid to simplify the model, annuity paymehls are assumed to be made once a year, at
the end of the fourth quarter. Commitment charge of 0.75% which is payable {o the agreed

amount of foan is not included either in discussion for the same reason. Amorlizationison a -

Ievehzed basis, and interest which |s payable all over the project duration will be on the
d:mm:shmg balance of the ouistandlng principal, as such :nterest costs wn!! decrease
'ﬁprOpomonately as prmmpal is amoitized. ' ' ' ' '

~ (11)  Outline of the Project

1) -Bayram Project

River _ __ _
 Nameof River ‘Berta
- Catcﬁmentﬁréa_ o 1,159km?
Annual Inflow 606 x 10° m® (19.20 m¥%s)
Reservoir _
| .H'igh Water Levél 74000 m
LowWaterlevel - 686.00m
_ Avaitable Orawdown Depth : .54,00 m
- Sedimentation Level : 6?6.0(3 m.
© Gross Storage Capacity 133.0x10%m®

 Effective Storage Capacity - 113.0 x 10° m®
Reservoir Area . 338km?

s



Dam
Type
Elevation of Dam Crest
Thalweg Elevation
Height of Dam
{from foundation)
Length of Dam Crest
Volume of Dam
“(including coffer dam)

Diversion Tunnel _
" Design Flood
Type
" Number
Innér Diameter

Length |

' Outlet Equipment
' Type

| Design Flood
T)’b e .
Overflow Crest Etevation
- Width of Overflow Crest
Energy Digsipator
Type of Gale
? INumber'of_Gaté -
SizeofGate '

Inlake
 Type
Number
Inlet Elevation

Rockfill Dam with Center Core
745.00m
635.00 m
145.00 m

. 415m
- 6’,’-144x103 m

320 m%s

Standard Horse ,Shdé, Pressure, Concret'e Lining

One

570m
©795'm

 Jet Flow Gale
~ . High Pressure Slide Gate

Main valve

Sub valve

1,660m%s
‘Shute with Gates

727.50 m
23.00 m (Including pier widih 3.00 m)

Hydraulic Jum’p Basin

. Radial
- Two. _
© Width 10.00 m X Height 12.50 m

Hortzontal
One
676.00 m
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Size

Type of Gate
Number of Gale
Size of Gate

Intake Tunnel
' | - Type
Number
Discharge Cé pacity
Inner Diameter
Lengtﬁ

Penstock
~ Type
“Number

‘Inner Diameter x Length

Powerhouse
 Type
' Size

- Access Tunnel
' Type
Size

Cable Tunnel
Type

' _Size o

Width 8.00 m x Height 6.00 m
Roller Gate

One

Width 3.30 m x Height 3.30 m

Circular, Pressure, Concrete Lining
One
43.00 m*s

©330m

65.00 m

‘Steel Embedded

“One Line
© 330~250mx32024m

Underground, Concre{e Lining

. Wdth 19.00 m x Height 41.00 m x Length 44.50 m

: _5; Half Circle Haif Rectangutar, Concrets Lining
Width 5.00 m x Height 5.00 mx Length 901 m
 Inclination 1:10.00 -

Elevation of Tunnel Exit 635.00 m

" Half Circle Half Rectangular, Concrete Lining . |

Width 4:00 m x Height 4.00 m x Length 369 m
inclination 1:4.02 -

" Elevation of Tunne! Exit 650.00 m



Drainage Tunnel
Type

Size

- Taitrace Chamber -

S ' Type

Size
. Tailrace
" Type

Max. Discharge
Inne_r Diameter

" tength

‘Development Plan

L _ Normal Intake Waler Level
o “Normal Tail Water Level

i Gross Head
Effective Head
_ :Maximum:Dis:charg_e
.:_ Number of Unit
-~ Instalted Cai)aéity |

. Firm Peak Power

Turbine

Type
;o ‘ - Number -
g’ E—  Max. Discharge
" Turbine Oulput
" Revolving Speed

Half Circle Half Rectangular, Concrete Lining e
Width 3.50 m x Height 3.50 m x Length 154 m

inclination Level

Chamber, Concreté Lining

Width 4.60 m x Height 16.20 m x Length 30.00 m_ .

Standard Horse Shoe, Non Pressure, Concrete
Lining « Shotcrete |

43.00 m’ls

460m .

79%0m -

72200m
530.00 m

192.00 m

182.90 m
43.00 m¥s
One

. 68 MW -

57.6 MW

i Verﬁc_al_Shaft_, Francis Turbine
- One - ' -

43.00 m’fs .

69,500 KW

300 rpm -

S-17



Generator

Type

Number

Rated Quipul
Revolving Speed
Frequency
Vollage |

Power Factor -

Main Transformer

Type .

Number i

~ Capacity

‘Switchyard

- Voltage

- Bus System

- Bus

' Numbér_ of Lines Connected

Voltage
Condiictor Type

Annual Energy Production
~ Average Energy

Firm Energy

Construction Period

Project Cost

Three phases

Alternaling Current

 Synchronous

One

' 75,400 kVA

300 rpm

50 hz
- 13.2 kv
0.9 1ag

Qutdoor ~ Three phaﬁes.
. cooled type
one
75400 KVA
 (Primary) 13.2 KV
(Secondary) 154 KV

Aluminum Pipe

1cet

154 kV
'ACSR

250.4 GWh . .

1449 GWWh
B years

' 140,495,634 x 10°TL

(172,060 x 10°USS)

S-18
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Unit Construction Cost at Sending End
Per kW '
Per KWh

154 x 10° TL/KW (2,525 US$KW)
4,331 TLKWh (0.071 US$/KWh)

Economic E\_fal_t;agign (Total value of Bﬁvramplpjaﬂ_QMﬁgﬁm]@!)

EIRR
FIRR | |
Benefit-Cost Ratio (Financial)

2} Bagik Project

Mame of River
Catchment Area

i Annual Inflow

Bgséwoi[

' High Water Level
Low Water Leve!
Available Drawdown Depth

‘Sedimentation Lovel
. Gross Storage Capacity
- éEffec_lis_.re Storage Capacity_

Reservoir Area

Dam
f Tybe
Elevation of Dam Crest
Thalweg Elevation
LHeighl of Dam
" (from foundation)
K 'Lenglh of Dam Crést

Volume of Dam

16.4%

' 11.9%

1.22

-Berta
1,509km® |
786 x 10° m” (24.90 m*s)

B 530.00 m
- 627.00m

3.00 m
517_.00 m

7:3x10°m®

10x10°m’
0.37 km®

Concrete Gravity Dam
- 533.00 n o

' 46500m
7400m

180 m
195 x 10° n13_



* Qutlet Equipment

© Main Valve

Sub Valve

~ Design Flood

 Type

lotake

Penstock

- Overflow Crest Elevation

Width of Overflow Crest
Energy Dissipator

Type of Gate

Number of Gate

Size of Gate

| Type

Number
Intet Elevation
Size

‘Type of Gale
‘Number of Gate

Size of Gate

Type
Number

Inner Diameter x t.ength |

- Powerhouse

Type.

'SiZé“: =

Jet Flow Gate
High Pressure Slide Gate

1,830 m¥s |
‘Center Overflow with Gates

519.00 m

' 31.00 m (Including pier width 3.00 m) -

Bucket Basin

~ Radial
-~ Two _ :
© Width 14.00 m x Height 11.00m

- Altached to Dam body
' One S

L 5172.00m _
" Width 3.60 m x Height 3.60 m

" Roller Gate o

Cne

. Width 3.60 m x Height 3.60 m-

Steel Embedded

~ One Line _ .
360~3.00Mx21228 m |

Uﬁdergfoudd; Concrete Lining

Width 21.00 m x Height 41.50 m x Length 50.00 m -




: Tailrace

Access Tunnel
Type
" Size

" Cable Tunnel

Type
Size

" Drainage Tunnel

Type
Size

Tailrace Chamber

Type

Size
5} Type |
Max. Discharge

Inner Diameter

Length

Develoomenl Plan

Normal Intake Water Level
' Normal Tail Water Level
- Gross Head |
Effective Head
Maximum Discharge -
Number of Unit

Half Circle Half Rectahgular Concrele Lining
Width 5.00 m x Height 5.00 m x Length 560 m
Inclination 1:10.00

Elevation of Tunnel Exit 462 00m -

Half Circle Half Rectangular, Concrete Lining

- Width 4.00m x Height 4.00mx Length 264 m
.inchnatlon 1:5.73

Elevation of Tunnel Exit 465.00 m -

 Half Circle Half Rectangutar, Concrete Lining

Width 3.50 m x Helghl 3.60 m x Length 164 m

. .Incl:nahon Leve!

- Chamber Concrete Lining
: "Widih 4.60 m x Height 15.10 m x Length 30.00 m

. Standard Horse Shoe,

Non Pressure, Concrete Lining + Sholcrete
52.00 m%s
490m

. 4,454 m

628.50 m

: '_392.00 m
136,50 m

130.90 m
52.00 m¥/s
One



Installed Capacity
Firm Peak Power

Turbine
Type
- Number
5 Max. Discharge
Turbine Oulput
Revb[viﬁg Speed

Generator -
Type

NL.r:mbg'r o
Rated Output

'~ Revolving Speed
Frqq'uency- |
Voltage

.' .Power Factor |

Main Transformer
;Type

Number
Capacity
Voltage

- Switchyard
R GIS

' {Secondary) 154 kv

58 MW
56.2 MW

-Verlical Shaft, Francis Turbine

One _ _
5200m¥s . @
60,500 kW .

250 rpm

Three phases

- Alternating Current

Synchronous
One
65,600kVA

- 250 rpm

50Hz

1 132kV

09lag

Indoor, Three phases, quced-oi_!-fotced-éir cooled

Gne
65,600 kVA
(Primary) 13.2 kV



Annual Energy Production =
Average Energy | 2258 GWh -

Firm Energy 128.4 GWh
Construction Period 5 years
Project Cost 4,847,268 x 10°TL. -

(79463 x 10'US3)

Unit Construction Cost at SendingEnd
PerkW . : 82 x 10° TLKW (1,347 USSIKW)
PerkWn 2,318 TUKWh (0.038 USSKW) -

Economic Eval_ua'lion (Total v_'alué of Bayram project and Baglik project)

" EIRR S 154%
" “FIRR 8%
Benefit-Cost Ratio (Financial) 1.22



* CONCLUSIONS AND RECOMMENDATIONS



{1

e

' ‘development layout and eto. was carried out. As a result; it is delermmed that this

(3)

4}

- .Conclusion

'(;oruh-Berta Hydroelectric Power Development Project should be developed as soon

as possible because the project is feaéib!e te¢hnically. economically and financially. it
is possible to commission the project in 2007 when lead time for fi nai des:gn financial

_arrangement and construchon period are taken into account

Optlmlzauon study by companson of vanous alternatwes concernmg slorage capacaly, -

project is to be two stage development project by Bayram project and Baglik project.

Bayram project consists of 145 m high ahd_ approximately 6,200 x _103m3 volume of

center core rockfill dam o provide 113 x’ 10°m® effective storage capacity of reservoir,

| approximately 321 m long penstock, underground powerhouse immediate downstream

of dam to generate 68 MW of power and 7,930 m of tailrace tunnel.

Baglk project consists of 74m high and approximately 195 x 10°m® volume of -
concrele gravity dam approximately 213 m long penstock, underground powerhouse
immediate downstream of dam 1o generate 59 MW of power and 4,454 m of tailrace

tunne!.

The electric power generated at Bayram and Baglik project ptant is to be transmitted o
Deriner prdject substation by 37 km of transmission line (Bayram project-Baglik project
12 km 1 circuil, Baglik project-Deviner project 25 km 2 circuit).

The total construction cost of Bayram project is to be TL10,495634 million
(US$172,060 thousand, L.C=TL6,681,044 million, F.C=TL3,814,590 million).

The tota! conslrucuon cost of Baghk is to be TL4,847,268 million
(US$79 463 thousand L.C=TL3,319, 751 x million, F.C.=TL1,527,517 mifkion).

EIRR and FIRR for Bayram and Baglik project is 15.4% and 11.9% respectively.

CR-1
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The result of environmental impact assessment shows no problem on natural and
social environment of the project area.

To keep river environment, continuous water of 0.5 m>s will be released from Bayram
dam and Bagdhk dam to downslream.

In order o maintain a natural river water stream 0.3 = 0.7 m¥s of artificial discharge

from bolh dams is planned for 3 months of dry season for their each water reduction
sections between dam and tailrace outlet. :

CR-2
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Recommendation

Coruh-Berta hydroelectric  power development project is feasible technically,
economically and financially. The project is recommended to be put in service in the
beginning of 2007.

. Detailed design is needed for the project because this report shows feasibifity design.

" The followiﬁg g'ebiogical investigations are required for the detailed design.

(Bayram project)
+  Drilling investigation at the dam site

o Drilling invéstiga{ion at the Linderground powerhouéeisite

-« Drilling invéstigation at the tailrace tunnel route

(Baglik projecl)

+ Drilling investigation at the dam site

'+ Exploratory adits al the dam site

"+ Drilling investigation at the tailrace tunnel route

On the detalled design stage, detaited study on disbharge to be needed to water
: red_uc':lion'séctidns swill be carried out in order to get appropriate amount of discharge

~ - considering a natural inflow to these sections.

- Location of treatment systerh of wastewater to bé orignaled from workers and concrete

preparation work will be also decided on the detaited design stage.

CR-3
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CHAPTER 1 INTRODUCTION

The Republic of Turkey was primarily an agricultural country, but emphasis has been placed
on industrialization in recent years. It m_ay be considered that economic exchanges with
neighboring countries have increased with the collapse of the former Soviet Union, and the

rising demand due to this has spurred acceleration of industrialization. R

In step with this, securing of electric enefgy has become of importance, “and the Turkish
Government, giving priority: to  development ‘of domestic energy resources, has_‘been -
endeavoring to develop fignite thermal and hydroelectric power which are domestic resources.

Lignile thermal has met ‘strong opposition because of problems of pollution', and new

“development h:as '_become difficult. Accordingly, the situation in society has become one-
- where instailation of poliution prevention facilities cannot be avoided and the increase in _ '

= constructlon cost for this has caused pnonty for development to be lowered, white on lhe other

hand, the supenonly of hydroe!ectrac power generatton has recently come to be favorably '

ﬁ rerecognrzed

In general, growth of GDP and growth of electnc power becorne more of Iess proportionate as

fmduslnahzat;on progresses The growths in GDP and ereclnc power supphed from 1984 to
' '1994 are shown in Table 1 1 '

: Tab'!e_ 1-1_ GDPi Growth.and Electric Ene_rg}y Supply Growth B

1084 | 1085 | 1986 | 1087 | 1988 | 1989 | 1990 | 1591 { 1992 | 1593 | 1994

GDP Growth {%) {67 |42]70|75] 21|03 |93]09| 60| 75|54

EnergyGenefatingGrth(%) 12.7 1 134 1?..3 18] 85 1_0.3 114 _4.9_ 109 ] 90} 7.2

11 Background of the Project

Turkey has 35,241'MW of hyd'roe!e'clric polential from both economic and technical views

point, 9% of which belongs to the Goruh river.



On the Berta River, which is one of the biggest tributary of the Coruh river including Oitu, Bera -

and Barhal rivers, 476 million kWh and 127 MW installed capacity are learned to be
developed.

Berta river Hydropower Development Project was started by EIE in 1987 and resulted in
master plan report on Goruh-Berta river basin in 1992,

The Coruh river is located in the northeast of Turkey and selected as a important river for large

" ‘scale hydroelectric power development.
- The studies have been performing by EIE as a whole.
The Government of Tun key requested the Government of japan in January 1994 to make a

. feasibility study concerning the Berta Hydroelectric Power Development Project in Berta river
. which is one of tributary in Coruh river. ' SERIET

The Gavernment of Japan in respohse to this request commissioned JICA in 1995 fo dispaieh

a prefiminary survey team to Turkey for exchange of oplmon with the related agencses and fo
make a general reconnatssance of the preject sne | ‘ o

Based on the results of the above, an agreement was reached in Augdst 1985 between EIE
and JICA, under the {itle of Scope of Works for the feasmmty study on the Berla Hydroelectnc
Power Development Project in the Repubhc of Turkey. '

1.2 ' Objective of Study

Objecliv'e of the eludy is to decide oplimum hydroelectrie pOWe‘r'devetopmenl project

'techmcaiiy. econonucally and fi nancually, to prepare feasms!:ty study repon and lo reanze'

technical transfer through study of the project.

i-2
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1.3 Field lnvestigation duting the Study

Field investigations carried out by EIE during the sludy are as shown in Table 1-2.

1.4 The Record of Dispatched Team and List of Engineers

_ ‘In November 1995, JICA begah the work based on the before-mentioned "Scope of Works".
- JICA next dispatched theffoll_owing suNey teams for field investigations concerhing_ the

“P'roject.
. First survey mission L (eicept Environment) Nov, 27, 1995 ~ Dec. 13, 1995
** First survey mission - (Environment) . Jan. 4, 1996 ~ Jan. 16, 1998

Second survey mission | - ~feb. 11, 1996 ~ Feb. 17, 1996

. Third survey mission (Phase 1) May 22, 1995 ~ Jul. 31, 1996
Third survey mission ~  {Phase 2) " Sep. 16 1996 ~ Nov. 14, 1996

Fourthsurvey mission " Feb. 19, 1997 ~ Mar. 17, 1997
Fifth survey mission = Oct. 1, 1997 ~ Oct. 15, 1997

~ During this period :survey team submitted the following reports to EIE. Engineers

participated the Study are as shown in the following list.

_ Inpeptidn Report ' November 1995
© Progress Report  March 1996
Inle.rim'Report - . March 1997
Draft Final Report October, 1997

1-3



ElE
Mr. .Tuncay DERMAN
Mr. Sukrii KARABIBER
" Mr. Nejat GURCAN

©Mrs. Sule AKGAY
Mrs. Giilgiin GURCAN
. Mrs. Ozlem YILMAZ -

. :Mr. Orhan YAGCI
. Mr. Siiked BAY
Mr. Mehmet TANRIKULU
Mrs. Nazh BAYKARA
* Mr. Ridran Seref ENERCU
| Mr. Mehmet GUNGOR -

JICA Team
Mr. Taisuke HASEGAWA
Mr. Masayuki SEINO
Mr. Nobuo HASHIMOTO
M. Mitsuru MIYASHITA |
M, Y('»u.zougFU‘K__UTAKE |
~ Mr. Teruyoshi HATANO
M. Takaya NOMURA
Mr. Kiyoshi KIKUCHI.
Mr. Takao OZAKI

. Hydrolog'_y '

List of Engagements

Head of Project Design Department
Chief of Dams and Hydroelectric Power Plants Section

Design Engineer, Civil, Dams and ' ' g

* Hydroelectric Power Plants Séction

Design Engineer, Civil, Dams and
Hydroelectiic Power Plants Section

Design Engineer, Civil, Dams and
Hydroelectric Power Piants Seclion

Design Engineer, Environmental, Dams and
“ Hydroelectric Power Plants Section '

Chief of Geotechnical Services Section o

Géoiogical Engineer, Geolechnical Services Section

Chisf of Project Hydrology Section | - - L B
Hydrology Engineer, Civil, Project Hydrology Section |

Laboratory Technician

" Chief of Electrical an’d_Me'chani_cal Di_vision

Team Leader

Planning

Design

Geo!ogy |
Geology

" Electrical

Environmental

Economy



Table 1-2 Fleld investigation during the Study

Geological Investigation

ltem Quantity Remarks
Topographical Map (111,000} -
Bayram dam 0.5 km®
" Bayram outlet 0.1 km®
Baglik dam 0.2km?
Baglik outiet 0.1 km?

Driiling Core
Bayram project
Badlik project

" Test Pit

Bayram project
Seismic prospecting
* Bayram project

Observation of sediment

12holes © 929.65m
Sholes  510m

9 pit

© 28.35m

Blines  5000m

1996

HydroelectrlcaISuwey e
3 gaging stations from July - -

Must be operated after

the Feasibility Study
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