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Rock Material Quarry, located 1 km upstream from Dam.
View from left bank

Riprap Material Quarry, located 16 km upstream from Dam.
View from lefi bank



Impervious Core Material and Borrow Area and Fine Filter Material Borrow Area,
located 5 km upstream from Dam.
View from left bank

Concrete Aggregate Borrow Area, located around Tailrace Qutlet

View from right bank
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D R

Rivexr
| Name of River N Devrek
Catchment Area R S0 1,994 km? o
Annual Inflow | 454 x 10° m® (14.39 m’/S)
Reservoir
High Water Level 437.00 m
Low Water Level - 392.00 m
Available Drawdown Depth _ 45.00 m
Sedimentation Level 380;40 m
Gross Storage Capacity 197.7 x 10° m?
Effective Storage Capacity 163.0 x 10% m®
Resexrvoir Area | 5.31 km?
Dam _ _
Type Rockfill Dam with
, Center Core
Elevation of Dam Crest 441,00 m
Height of Dam 110.00 m
Length of Dam Crest 540.00 m
Volume of Dam 5,025 x 10° m®

Diversion Tunnel

Design Flood 350 m*/s

Type Standard Horse Shoe
Numbex -One | '
Inner Diameter 65.00m

Length 390 m

Qutlet Egquipment

Type ' _ . Jdet Flow Gate
Diameter ' 1.50 m
Capacity | 33.1 m’/8 at H.W.L

23.7 m*/8 at L.W.L

5 - 10



Qlllwaz

Design Flood
Type | . '
Overflow Crest Elevétion
Width of Overflow Crest

Energy Killer System
Type of Gate '
‘Number of Gate

Size of Gate’

Power Intake

Type

Number
'Height”'
Inlet'Elevatibn

Size

Type of Gate
Number of Gate

Size of Gate

Headrécé Tunnel

Typé

 Number
Discharge-capacity
Inner Diameter
Length

Penstock -

Type
Number:

Inner Diameter x Length
Main '

“ Branch -

5 - 11

2,500 m*/3

Shute with Gates

423.00 m

29.00 m (Including pier
width 3.00 m)

ski Jump, Plunge Pool
Radial

L Two

Wide 13.00 m x Height
14.50 m

Inclined

One

57.70 m

383.30 m .

width 6.00 m x Height
7.50 m

Vertical Shaft

Two

Wide 2.50 m x Height 5.00

m

Circular Pressure-
One

43.00 m*/s

3.40 m

41.50 m

Steel Embedded
One Line and after Y

branched Two Line

3.40 m x_250.10 m
2.20m ~ 1.70 m x 16.92 m



Powerhouse

Type
Size (Excavation Surface)

Access Tunnel

Type_

Size

Ventilation Tunnel

Type

Size

Cable

Tunnel

Type

Size

Inspection Gallery
Type

Size

Tailrace Chamber

Size

S - 12

Underground
width 16.00 m x Length

:60.00 m x Height 35.30 m

Half Circle Half Rectangular,
Concrete Lining

Width 5.00 m x Height

5.00 m x Length 1,100 m
Inclination 1:8.8

Elevatlon of Tunnel Exit
358.00 m

Half Circle Half Rectangular,
Concrete lining

width 3.00 m x Height

2.80 m x Length 71.76 m

Inclination: flat

Half Circle Half Rectangular,
Inclined Concrete Llnlng
Width 3.00 m x Helght

2.80 m x hength 425.40 m

Inclination 1:3.2 .

Half Circle Half'Rectangulat,
Concrete Lining
Wldth 2.0 m x Helght

'2.50 m x Length 126 m

Inclination 1:29

Width 4.60 m x Height
16.00 m x Length 20.00 m



Tailrace
(Tunnel Portion)

Type

Max. Discharge
Innér Diameter
Length

(Open Channel Portion)
Type S
Bottom Width
Length

Development Plan

Standard Intake Water Level
Standard'Tail Water Level
Gross Head

Effective Head

Maximum Discharge

Unit Capacity

Number of Unit
Installed'Capacity

Turbine

Type

Number

'Max. Discharge '
Turbine Output

. Revol#ing Speed

Generator

- Type

Number
Rated Output
Revolving Speed

§ - 13

Standard Horse Shoe

43,00 m’/s
4.60 m

4,899 m (Including Draft

Length)

Trapezoid
4.60 m
200 m

422.00 m
223,00 m
199.00 m
190.00 m
43.00 m’/s
35 MW

CTwo

70 MW

vertical Shaft,
Turbine

de

43,00 m’/s
36,200 kW

429 rpm

Three Phases

Francis

Alternating Current

Synchronous
Two

38,900 kvAa
429 rpm



Fregquency
Voltage

Power Factor

Main Transformer

Type

Numbexr
Capacity
Voltage

Switchyard
Bus System

Bus

Number of Lines Connected
Voltage |

Condﬁctor'Type

Annual Enerq? Production
Average Energy '

Firm Energy

Construction PeriQd

Pfoiect Cost

Unit Construction Cost at Sending End

Per kW
Por kWh

Economic Evaluation
EIRR
FIRR
Net Benefit

Benefit-Cost Ratio

S - 14

50 Hz
11 kv
0.9 lag

Indoor, Water Cooling
Type Three Phase

" Two

13,000 kva
(Primary)'ll.o kv
(Secondary) 154 kV

Single Bus +
Transformer Bus
Aluminum Pipe
2 cct

154 kv

ACSR

212.1 GWh -
151.8 GWh

4 years

1,250,309 x 10°0L,

(Bbout 144 x 10°US$)

17.9 x 10° TL (2,053 USS$/KW)
5,895 TL (0.68 US$/kW)

28.98%

9.90%
438,944 x 10°TL
1.47
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Table 1-1 GNP Growih and Electric Energy Supply Growth

1981 1982 1983 | 1984 | 1985 1986 1987 1988 1989 =:19913 1991'_ 1992|1993

GNP . e ;
Growth | 42 45 33 | 59 5.1 8.1 75 | 36 19 92 | 03 59 |50

(%)

Electric
Encrgy |- i : i 3 1: .
Supply 68 71 44 | 125 | 93 113 | 10| 83 83 106 | 47
Growth ' : . : _

%)
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Tahle 2-1 Climate in the Main Cities
Sele_CtEd - Altitude Temperature (°C) Average | Average
Cities Regions _Above Humidity Prec:}pi-
Sea (M) | pverage | Lowest | Highest () tation
. (mm)
istanbul | Mar. 39| 14.0. | -16.1 40.5 | 75 677.4
Ankara Cent. A 885 | 11.7 | -24.9 40.0 60 371.6
temir Aegean 25 17.6 -8.2 42.7 65 698.0
Adana | Medet. 20 | 18.8 -84 45.6 66 641.6
Edirne Thrace 48 13.5 | -22.2 41.5 70 1597.2
Bursa Mar. 100 |  14.4 | -25.7 42.6 69 705.8
Antalya | Madit 42 18.6 -4.6 4.6 69 1,064.8
Urfa | A. East A, sa7| - 18,1 | -12.4 46.5 48 467.5
_Zonguidak W. Black S. 136 13.5 -8.,0 40.5 ' 73 ©1,223.8
Rize E. Black-s. _ A 14.1 -7.0 38.2 77 2,323.2
Van East A. 1,725 6.6 | -28.7 37.5 60 377.0
Afri N. East A. 1,632 6.1 | ~43.2 38.0 67 528.5
Mugla Aegean 646 14.9 -12.6 41.2 . 61 1,206.4
Exrzurum Fast A. 1,869 7.2 | -35.0 35.0 63 452.8
Source: Genefal Directorate of Meteorology
STATISTICAL YEAR Book of Turkey 1988
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| RERR 5 0 FAHIIL960F TG (State Planning Organization) e
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BEFREATIIL . R A GERT 25 2% ORIILES L ke,

Table 22 Growth Rate during Planned Development Period by'Sectors

% increase at 1968 Factor Prices

1st Plan 2nd Plan |- 3rd Plan [ © 4th Plan 5th Plan 6th Plan

Average Average Average Average Average Average
{1963-1967) . | (1968-1972) {1973-1977) (1979-1983) (1985-1989) (1990-1694)
1. Agriculture - o o SR
a. Target 4,2 4.1 4.6 5.3 3.6 4.2
b. Realisation 3.1 3.5 3.5 - 2.2 C2.2
2. Industry : L '
a. Target o 12.9 iz.0 11.2 9.9 7.9 4.2
b. Realisation 10.9 7.8 9.8 1.7 5.5
3. Service | : . ' _ ‘ .
b. Realization 7.3 7.9 7.9 2.6 - 50 7 6.9
4, Gross Domestic
Project
b. Realisation [ 6.4 6.8 - 1.3 2.3 3.0
5. Gross Hational
Product
a. Target 7.0 7.0 7.9 9.0 6.3 7.0
b. Realisation 6.6 7.1 6.5 2.1 5.2 )

Source: Economic Report Turkey 1964 Publication No. 1984/13
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Table 2-3 Economic Activity

_ 'l 1987 | 1988 1989 1999 1991 | 1992
Economic Growth Rate (%) 7.4 3.7 1.9 | 9.2 0.5 5.9
Inflation Rate (%) - 8.9 | 69.7° | 68.0 49.2 66.0 70,1
Export (in $ million) 10,190 | 11,662 11,627 | 12,959 13,598 | 14,715
Import: (in § million) 14,159 14,335 15,791 22,302 ‘21,032 " 22,872

Batance.of International Trade (in 43,969 22,673 o4, 164 a9;343 27,434 28,157
$ million) - :

Current Balance 4987 1.503 961 2,625 258 1043
{in $ million) :
Total Balance 993 888 .| 2,762 1,368 a1,029 | 1,484
(in $ million) .
GDP
_ At Present Price 76,316 | 134,100 | 232,260 { 380,083 | 626,471 -
{in billion h’ras} _ : _
At '87 price . - 76,316 | 77,998 | 77,620 | 85,104 | 85,827 .
{in billion liras) o _
Wholesale Price Index 100 170.5 279.5 a25.7 | 's05.0 -
Consumer Price Index = W00 | 173.7 283.6 4546 §57.0 -

Source: Briefing, March 13, 1993
Central Bank Annual Report 1991
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Table 2-4 Foreign Trade

Unit:

Us$ Million (2)

1987 | 1988 1989 | 1990 |- 1991

Exports: Total (FOB) {10,190 | 11,662 | 11,627 | 12,955 | 13,598
Agricultural Products 1,853 2,341 2,125 2,388 2,732
(18) (20) . (18) (18) (17

Industrial Products 8,065 | 8,943 | 9,086 | 10,240 [ 10,579
(79) (77) (78) (79) (78)

Mining and Quarrying 272 378 416 3zl | 287
Products (3) {3) (4) (3) (3).

Import: Total (CIF) 14,159 | 14,335 | 15,791 | 22,302 | 21,032
Agriculture and Live- 791 507 | 1,047 | 1323 813
Stock (6)- | (4) 7) (6) (4)
Mining and Quarrying . 3,035 2,862 2,901 3,989 2;989
o (21) (20). (18) (18) (14

Industrial Products 10,333 | 10,966 | 11,843 | 16,990 | 17,230

(73) .| (76) {75) (76) | (82)

Source: The Turkish Economy ’92

(TUBTAD)
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Table 2.5 14 b SEC B 5—RT AL — DU HHRRER L TH 5, h

& XBL AN EFETHBLigite, VAN B, YR &8 515 T |

s "—4&@@(&Eéﬂf;%@Tiﬁ\ﬁba"b’ﬂ\%b" kK - (Hard Coal)~ Natural Gas. |
E?ﬁ!@ﬁb&ﬁ\@)\hﬁﬁo’f%lﬂ B i)b?"f)\f%%fa\ﬁ“)\b'{b\éo fCTo Natural
Gas @%};Ai&ﬂﬂﬁ\ﬁﬁgf\ o ih,iiﬁﬁfﬁfﬁlimﬂ)léﬁﬂ\ E%%B(U?‘J Z)\ﬁ%aa% EMEHT
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Table 2-5 Primary Energy Supply and Consumpﬂdﬂ

{Unit: Million tons of 0il Eqﬁivalent)

1985 1986 | 1987 1988 1989 1990' '1591

Total Consumption 40.8 43!5 49.3 | 50.6 s2.4 '55.3 56.8
Petroleum 18.1 | 19.6 | 22.5 | 22.0 22.5 | 23.9 | 22.1
Lignite 7.9 8.9 | 9.2 8.0 | 10.2 9.2 ] 11.3
Coal 3.8 4.0 4.6 4.9 4.7 6.4 6.4
Electric Power ’ 2.7 2.7 4.1 ) 5.4”'_ 4.0 5.2 -S.b
Natural Gas o1 | o { o7 | 1| 29| 32 3.9
Wood | 5.2 5.3 | 5.3 '~5;3.' 5.3 | s.4 s

Total'éupﬁiy | s0.8 | 43.8 | 49.3 '50.6 | 52.4 | 55.8 | 56.8

pomestic Production | 23.4 | 24.8 | 27.3 | 28.0 | 27.9 | 28.3 | 30.9

Petroleun 2.2 | 25| 2.8 | 2.7 30| 3.0 :4}3
Lignite 8.2 | 8.9 | 9.8 1 8.6 | 106 3;9 11.1
Coal 2.2 | 2.2 ] 2.1 1.9 S z.00) 2.1} 2.2
Electric Power . 2.7 277 4.2 6T5 4.0 5,2 .5w0.
Wood s.2 | 5.3 5.6 ] 5.3 s5:31 5.4 5.4
Natural Gas = 0.r | oaf 0.3 | 0. 0.2 | 0.2 0.2
Tmport 18.4 | 21.0 | 25.4 | 28.5 | 26.9 | 31.0 - 29.2
Petroleumn 17.6 | 19.1 22.6. s | 217 | 23.4 | 212
doal o a | v 2| salias o ws | o4z
Export (Petroleuﬁ) 2.1 4 2.3 2.3 4.1 23| 2.0 3.3 

Source: The Central Bank: Annual Report 1991



Tabie 2-6 Distribution of Electrical Energy Generation of Turkey
over Primary Power Hesources

_ !li.ard Coal | Lignite 0il .Other (1) | Hydraulic Total
Years | - : Products Fuels '
(2) (0 | @ (2) (7) GWh
1980 3.9 21.7 25.0 0.6 48.8 | 23,275
1981 3.6 21.3 23.6 0.4 51.1 24,673
1982 3.4 20.8 22.4 - 53.4 26,552
1983 2.9 28.5 27.1 - 415 27,347
1984 2.3 30.7 23.0 0.1 43.9 30,613
1985 2.1 41.8 20.7 0.2 35.2 34,219
1986 1.9 47.0 17.6 3.5 29.9 39,695
1987 1.4 38.4 12.4 5.8 42.0 44,353
1988 0.7 25.3 6.9 6.8 60.3 48,049
1989 0.6 38.3 8.2 18.4 34.5 52,043
1990 1.t 34.0 6.8 17.9 40.2 57,543
. 1992 1.7 34,1 5.5 | 21.0 - 37.7 60,246

1) Generatlon prm.rlded unt:.l 1981 through ‘the utilization of fuels ‘such as
wood, husk, furnace gas, coke gas etc.
Generation in 1984 was provided only from geothermal resources whereas,
from 1985 onwards, it was provided from geothermal and npatural gas
resources. :

Cx. RAomEsa ﬁ#ww&gﬁkﬁmbtﬁﬁmﬁﬁ1WL$%M%$Xh%H%
ﬁmﬁ\ﬁﬂﬁﬁ%%ﬁ%%&miMMe%TK%iﬁDT&%OC@ﬁmﬁéhfh%
£ 5 199BEF I 551 BIKA — KAIOBAHI NI ORI - 51TH Do LinL Z OMILL
SR FEEElc LN 2001841343 ¢ 5T, 20064F 121242 ; 58 & 4EAB ISRt - TKNIDHE
B HARIRE > TV,

B A M . LigniteKADB IO THR I NS T, KRA ZPHA
e 2 RN TS B & 5 TS ATV 5. 7Kk 15 b XEHEIICBIR S LR
BESoTWE, |



Table 2-7 Composition of Generating Facility in 1996

Capacit Percentage Composition of Percentage of
b Y nLag Thermal and Hydro Imported Fuel
(M) {2}
{2) (%)
Hydraulic 10,950.0 48.6 Hydro 48.6
Coal 6,300.0 27.9 Domestic 78.9
Geothermal 2.0 0.1
Thermal 51.:4
Natural Gas 3,350.0 14.8 _ .
Import 21.1
0il & Others 1,850.0 8.6
Total | 22,550.0| 100 100 100
2.6 ER EE

ML IEMOBRTRE LCH, #5 S, B8 WE ST T A UhB B,
SRR A E & B A CRIERY5S, 915kn(198T) T 9 BR2UAHEINT VS, @
Y ZT ADENCRLEEREHA R LTV OISR TH O, 198THFIC IR E®
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St.atio.n ‘Anniual Average | Annual ' ‘ Annual Average

Temperature Precipitation Ralny days
Devrek 13.5°¢ . ¢ 765 i | 8 days
Karabiik 13.3°C 495 mm 11 days
.S.afra'nbo'lu . 12.5°C | . 4§1 mm 11 days’
‘Mengen 10.2°C . 662 mm ' 26 days
Bolu 10.2°¢ 566 tm - 26 days .
Gerede 7 6°0  684 mm .46_days
Cerkesg 8.2°C 392 _mfn 24 da.y_s
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Total . Urban Rural Population
Population Population Population Density

(Person) (Person) (Person) (Person/km?)
GCaycuma 89,670 9,688 79,982 183
Devrek 94,298 12,265 82,033 77
‘Eflani 21,843 3,183 18,660 35
Karablik 131,349 84,137 47,212 95
‘safranbolu 39,464 19,440 20,024 39
Mengen 18,886 2,557 16,329 21
Bolu 87,257 38,283 48,974 57
Gerede 63,137 9,885 53,252 32
Cerkes 19,123 3,675 15,448 19
Eskipazar 23,063 5,007 18,056 33
ovacik 9,108 853 8,255 24
Arag 38,626 4,244 34,382 21
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' ~Table 4-1 Development of ihstalled Capacity of Turkey and TEK (MW)

ARNARIL, 1992 KIC I T O 2 85I H i

Ca

T_Lirkey TEK
Years i '
. Thermal Hydrauilic Total Inc(r:;nse Thermal | Hydraulic Total Inc(:;;xse
0) . . B &
1982 3,356.3 3,082.3 | 6,638.6 - 2,719.7 1 2,823.5 | 5,543.2 -
1983 3,695.3 3,239.3 | 6,935.1 4.5 2,937.6 | 2,998.5 5,936’.1 7.1
1984 | 4,584.3 | 3,874.8 | 8,459.1 22.0 3,542.9| 3,644.2 |7,187.1 -21.1
1985 5,244.3 3,874.8 } 9,119.1 7.8 4,147.9 ] 3,644.2 | 7,792.1 8.4
1986 | 6,235.2 | 3,877.5 |10,112.7] 10.9 5,141.8 | 3,644.2 | 8,786.0 | 12.8
1987 | 7,489.3 | 5,003.3 [12,492.6) 23.5 6,290.9 ) 4,720.1 }11,011.0] 25.3
1988 8,299.8 6,218.3 [14,518.1 16.2 7,046.4 5,935.4 [12,981.5 i7.9
1989 [ 9,208.4 | 6,597.3 [15,805.7 8.9 7,939.0 | 6,298.1 |14,237.1 9.7
1990 | 9,550.8 | 6,764.3 416,315.1| 3.2 |8,261.7 | 6,465.1 |14,726.8[ 3.4
1991 | 10,092.8| 7,113.8 {17,206.6 5.5 8,793.1| 6,521.5 |15,314.6 4.0
1992 [ 10,334.9{ 8,378.7 |18,713.6 8.8 |9,018.1| 7,779.2 {16,797.3| 9.7
, . i
cf: TEK table original
Table 4-2 Turkey's Development of Generation {GWh)
D Increase Gross | Increase
- i Import Export
Years T.hermal Hydraulic Total (%) po P Supply (%)
1082 12,385 - 14,167 26,552 - 1,773 28,325 -
1983 - 16,004 11,343 . 27,347 3.0 2,221 29,568 4.4
1984 17,187 13,426 30,613 1.9 2,653 33,267 12.5
1985 $ 22,174 12,045 34,219 11.6 2,142 36,361 9.3
1985 27,822 11,873 19,695 16.0 717 90,471 11.0
1987 25,735 18,618 44,353 11.7, 572 44,925 11.0
1988 19,099 28,950 48,049 8.3 381 48,430 7.8
1989 £34,103, 17,940 52,043 8.3 659 | 52,602 8.6
1990 34,395 23,148 57,543 10.8 176 907 56,812 8.0
1991 37,563 . 22,683 -60,246 4.7 759 506 60,499 6.5
1992 40,774 . 26,568 67,342 11.8 189 314 87,7217, 1.1.

cf: TEK table original
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Table 4-3 Distribution of Electric Energy Generatio_n:i'n 1992
Turkey Over Primary Power Resources (GWh)

Resourcgs Turkey's G.eﬁ.eration Fg;:’eg;'gn.rg:)" |
Hard Coal 1,814.6 2.7
Ligniﬁe 22,756.2 33.8
0il Products . 5,273.0 7.8
‘Hydraulic 26,568.0 39.5
Geothermal _ . '69.6 0.1
Natural Gas 10,813.7 16.1
Total ©67,342.2 100.0

cf: TEK table original

12 REEEE | |
MR BB S 3 D OBAFSEBEHEICHE - Th Y . Z0MBRKOH
DChB, |

BHRREIE & B PAE: G T h (BIE : General Directorate of

Electrical Power Resources Surve
and Development Administration)

i

7}(;’]%%@?0)%%'51‘@'@%& ; ZKFUY  (DSI : General Directorate of
' : Hydr aulic Works)

- KFIFEEFDIEAE - RF,
KA A DREFORE -« EER - 75T - §
FEEIERORE - 55 NLVIBAF (TBK : Turkish Blectricity
o ) A_{J.thority)'_ o
b, BIEETREE B 5 b ol — KKGHEE (MBNR : Ministry of Energy
and Natural Resources) OB EETF B A, DSIA{EEH YR (MPWR
Ministry of Public Warks and Resetllement)@ﬁf%"@%%b R _
BB EIE b DA, ABHREBOBETH D T L 0EES AT

Bo
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