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Table 7-10  Atkali-Aggregate Reaction of Ohur Project

Sample Al{kalz_:~ _ I_)i.'s_s‘o:lvedj
Rumber Reactivity Slllga te
(m mol/L) (m mol/L).
0-1 210 123
I 0-2 150 1_33_
0-3 190 10'.0
0-4 180 - ' 123
0-5 150 | 170
0-6 190 _ 115
0-7 130 | T _ 145.
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~ Tahle 711 Alkali-Aggregate Reaction of Ayvali Project
. -Alkali Dissolved
:xgii Reactivity Silicate
e (m mol/L) (m mol/L)
0-1 220 97
A-2 180 100
A-3 170 94
A-b 18¢ 131
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A-6 150 88
A-7 240 123
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“Table 8-1. - ° Distribution of Magnitude and Epleentral Distance of
Seisrnicity Data Used for the Ayvali Dam Site

N R “04=D<50 <100 <200 Total
| 0<M<3.0 . 58 245 2691 2994
C o <3.5. 0 0 o 0
<40 0 1 1 2
<4.5 8 5 13 26
<5.0 : 12 62 83
_ <5.5 12 12 111 135
C<6,0° 1 16 96 113
<6.5 1 10 32 43
<7.0 0 3 9 12
<7.5" 0 0 1 1
<8.0 0 0 0 0
B.0<= 0 0 0 0
“UNKNOWN 0 .0 0 0
TOTAL 89 304 3016 3409

D:’:Epiéentral distance
M: Magnitude
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Table 8-2 Number of Earthquakes.in & Year during the Period
frorm 19801 to 1987 for the Ayvail Dam Site .

YEAR N SUM OF N YEAR | N | SUM OF N
1901 1 1. |l 1948’ 13 ' 250
1902 1 2t 1949 ] a7 267
1903 6 8 1950 7. 274
1904 3 11 1951 [ 278
1805 7. 18 B 1952 11 289
1906 6 24 1953 10 299
1907 4 28 1954 { 11 ° 310
1908 b 32 1955 | 1 311
1909 3 35 1956 3 314
1911 2 37 1957 31 325
1912 5. 42 1958 16 | . 341
1913 6 48 1959 14 { .. - 355
1914 Bl 50 1960 5 360
1915 2 52 1961 8 368
1916 1 53 1962 | 0 551 919
1917 2 55 Hl 1963 | 423 1342
1919 1 - 56 1964 [ 400 1742 -
1923 2 58 1965 360 2102
1924 20 78 1966 | 454 2556
1925 12 90 1l 1967 78 2634
1926 16 106 1968 75 2709
1927 2 108 1969 74 2783
1978 5 113 1970 82 2865
1929 6 119 1971 53 2918
1030 4 123 1972 56 2974
1931 3 126 1973 37 3011
19132 8 134 1974 42 3053
1933 1 135 1975 62 3115

- 1934 4 139 1976 134 3249
1935 18 157 1977 34 3283
1936 8 165 1978 73 3356
1937 5 ° 170 1979 3 3359
1938 10 180 1980 3 3362
1939 7 187. 1981 1 3363
1940 23 210 1982 7 3370
1941 15 225 1983 14 3384
1943 1 226 || 1984 12 3396
1944 1 227 1985 4 3400
1946 4 231 1986 i 3407
1947 6 237 1987 2 3409
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Table 8-3 {(a). - Maximum Accelerations of the Year at the Ayvali Dam Site
during the Period from 1900 to 1987

(gal)
Attenvation Eguation

Year Olivéirﬁ's Eq. HeGuire's Eq. Roseisbsltueevtaﬁ;&s tq. Katayama's Eq.
T TR o ACC, . ACC, ACE.
1990 0.0 0.0 0.9 0.0
1901 8.97 40,29 7.0 20.69
1902 2,68 17.56 2.50 7.03
1903 14.53 55.15 12.88 30.12
1904 3.91 21.96 3.51 8.97
1905 13.01 58.44 11.73 38.80
1905 38,06 104,37 37.73 £6.17
1907 4.73 27.83 4.43 13,95
1908 5.51 27.44 4,87 11.76
1909 2:13 14.78 2.00 5,51
1910 0.0 0.0 0.0 0.0
1911 0.21 2.16 0.19 0,29
1912, 0,18 1.97 0.12 0,27
1913 3.4 22,47 3.45 9.90
1614 178 12.30 1.64 4.02
1915 1,56 10,36 141 3.21
1916 0.13 1,56 0,12 0.20
1917 0.25 2.37 0.22 0.33
1918 0.0 0.0 0.0 0.0
1919. 1.22 6.76 1.18 1.18
1920 0.0 _ 6.0 0.0 0.0
w2} 0. 0.0 0.0 0.0
1922 0.0 0.0 0.0 0.0
1923 0.20 ~ 2.08 0.18 0.28
1924, 21.56 77.56 19.01 51.34
1926 | " 12,56 49,08 11.13 25,35
1926 1 5.06 8.2 8,63 13.63
1927 0.23 2.37 0.21 0.31
1928 _8.44_ 35.38 7.50 15.46
1929 3.59 19.68 3.18 7,29
1930: 2,60 16.19 2,35 5.86
e 4.4 24,03 3,79 10.75
11932 3,91 21.96 3.51 8,97
1933 - 013 1.57 0.12 0.20
1934 17.30 56.84 16.65. 27.50
1935 7.93 _38.38 7.09 20.29
1936 4.12 23.95 3,11 10.73
1937 2.62 16.64 2.39 6.25
1938 3.29 19.46 2.97 7.68
1939 2.14 14.58 1.99 5.31
1940 6.88 38.43 6.07 18.32
1941 4.86 27.46 4.45 13.18
1942 0.0 0.0 0.0 0.0
1943 5.5] 27.44 4,87 11.76
1944 1,74 24.30 4.18 9.82
1945 0.0 0.0 0.0 0.0
1946 12,50 50,79 11.01 27.90
1947 1.60 35.41 6.71 17.09
1948 2.75 17.05 2,49 6.38
1949 7.53 39.41 §.95 22.73
1950 2.75 17.45 2.52 6.76
1951 8.87 39.13 7,81 19.29
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Table 8-3 (b) Maximum Accelerations of the Year atthe Ayvaii Dam Site
during the Period from 19006 to 1987

. (gal)
" JAttenvation Equation :
Year Oliveira‘é Eg. | HcGui.r.e's 'Eq | Rcseﬁgltfgfhﬁs E Kéfayéma‘s; kg
AL, | AR S GG, o M.
1962} - 13.32 52.93 11,74 . 29,32
1953 1 3,05 ..19.55 : 2:85. 8,26
1954 4,18 2491 | 3.89 11,70
1955 4 0.aa | L 90.13 ' 8.2
1956 0.78 4,99 L 0.71 L 0.8
1957 25T 1683 ' 2,837 ] 680
1958 2,71 12,34 2583 o o 5.6
1959 5,56 2845 - 3.94 . |- .12.81
1960 2.39 5.4 8 o o o 2.1 o4 _5.8%:
19614 2811 17,04 = 2.53 638
1962_|. 2,41 13.78 - 23 e 82
1963 { - 2.79 16,84 2,50 b . - 5.9
1964 1. ...5.98 28.07 5,27 .11.58 .
1965 _3.49 2150 |- : 3.28. 9.38 .
1966 656 36,80 - 6,35 | . 20.70
1967 4.43 | 26.26 4.3 o . 12,74
1968 36.39 85.64 80.95 8281
1959 223 30.50 | 637 12,23
1970 13.34 . 45.24 ) - 12,8 - 20.32
1971, | 652 4 29.45 | 5,76 ' _12.12
1972 & 13.47 46,25 13,06 20113
1873 10.68 30.40 e L _16.40
1974 145 10.55 0 W) B 3.3
1975 __18.09 59.88 1 17,361 30,32
1976 .| 12.82 4832 | o 143 4 20,89
1977 _6.40 [ 26.52 - .5.93 oo 10:42
1978 3.18 19.30 o 3.3 L 815
1979 1.14 .. B.76 ' 1,06 -4 - - 2,48
1980 5.78 24,22 : 5,39 .} . .. 805
1981 1.58 10.85 | 1.39 b 306
1982 2.0 15.36 o239 b 5.9
1483 25.17 83 23,68 | 45.39
1984 4523 | - esar | 11840 44,62
1985 8.20 .. 3350 ... .40 S ) 1374
1986 18.09 50.28 : 2296 | .. _.18.41
1987 3.52 17.77 e 3.12 . 5.66
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Table 8-4 Distribution of Magnitude and Epicentral Distance of
Seismicity. Data Used for the Olur Dam Site

: 0<=D<50 |- <100 “<200 "~ Total
D<M<3.0 82 275 2928 3285
<3.5 Q 3 Q- 0 0
<40 L 11 12
<45 8 [ . 4 28 40
©<5,0 0t 11 o] .14 62 87
<5.5 | 11 13 117 141

. <6.0 0 | 21 101 122
<6.5 2 8 31 41
‘<7.0. I 3 9 12
<7.5 0 0 1 1
<8.90 0 0 0 0
8.0¢= | 0 D 1 1
UNKNOWN | 0 0 0 0
TOTAL .| 114 - |° 339 3289 | 3742

D: . Epicentrél distance {(km)
M: Magnitude :
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Table 8-5 Number of Earthwuakes in a Year during the Period
from 1900 to 1987 for the Olur Dam Site

‘YEAR N SUM OF N || YEAR N .| suMoOF N
1901 2 ' 2 1948 | - 13 | . 288
1903 7 9 | 1949 19 |- - 307
1904 3 12 )| 1950 7 1. 314
£ 1905 7 19 1951 | 4 318
1906 7 26 {| 1952 11 . 329
1907 & 30 ff 1953 9 [ - 338
1908 4 34 1954 6 344
1909 4 38 1955 1 345 .
1910 2 40 . | 1956 3 348
1911 3 43 1957 9 |. .. 357
1912 8 sy b ozese ) 16 pr o 373
1913 6 57 1959 [ 15 388
1914 3 60 1960 | 5 393
1915 4 64 1961 [ 9 ' 402
1916 3 72 1962 | 646 1048
1917 1 75 || 1963 450 ) . 1498
1919 2 76 1964 421 | 1919
1923 3 78 1965 |. 192 2311
1924 20 101 1966 | 491 2802
1925 12 113 1967 81 2883
1926 19 132 1968 80 2963
11927 2 134 1969 79 3042
1928 6 140 1970 85 3127
1929 6 146 1971 53 3180
1030 5 - 150 1972 1 60 3240
1931 4 154 1973 42 3282
1932 9 163 1974 51 - 3333
1933 1 164 1975 . 65 3398
11934 4 168 1976 140 3538
1935 17 185 1977 54 | 3592
1936 8 193 1978 95 3687
1937 12 205 1979 4 . 3691
1938 10 215 1980 3 ' 3694
1939 7 222 1981 14 - 3685
1940 25 247 || 1982 10 3705
1941 15 262 1983 14 | 3719
1943 i 263 1984 12 3731
1944 1 264 1985 4 3735
1946 5 269 1986 6 3741
1947 6 275 1987 1 . 3742

8 - 22



Table 8-6 (a) . Maximum Accelertions of the Year at the Olur Dam Site
' ' during the Period from 1900 to 1987

. {gal)
s Attenvation Eauatien
Year | Qliveira's Eq. | , . Esteva & ' .
o : ~ACC. . HcGuH‘& s E.q.__ Rosenb}j&xcectﬁ 5 Eq. I(atayg@% .s Eqg.
1900 | - 0.0 - 0.0 0.0 0.0
1901 19 36.49 6.83 18.27
1902 0.0 - 1° 0.0 0.0 0.0
1603 (- - 20,51 - - 67.50 19,12 38,36
11904 | 3.80 : 21.55 _ 3.41 8,76
19054 - 12,67 57.45 | 11.45 _38.00
1906 | 37,08 - - 1~ 103.03 36.54 64.87
1907 | - 8,02 28.92 _ _4.67 14.62
1go8- - a6 4 24.96 i 4.23 10.48
1909 252 16,49 2.33 6,31
1910 2.17 18,95 : 2.03 5,59
1910 | 0,27 2,49 0.24 0.35
2912 . 3.11 1980 b - 2.9 8,40
1913 - 4.63 25.82 - 4.20 11.74
el 2250 ] 1432 2,03 N I W
1015 | - .47 - 16.66 - 2.3 §.59
19161 .. 2.75 o173 2,55 7,03
1917 0 0,29 - 4 - 2.59 f 0.25 L 0,36
1918 { - 0.6, - -§- - 0,0 0.0 0.0
1919 | 1,42 o 1.47 5 1.43 : 1,32
1920 { - 0.0 0.0 o 0.0 ' 0.0
Al 973 - 1137 : 2.58 : 7.13
1922 4 0.0 0.0 - - 0.0 1 0.0
1923 1 0 0.25 2,40 . 0.22 0.33
19244 21,81 78.13 -~ 19.24 51,80
19251 - -17.14 1 60.09 15.52 32.31
1926°1 . 6.46. _.33.08 5,80 16,54
1927 | o 0.3 2.73 - | 0.27 0.39
9g o o237 L 4538 b - 11,37 20,83
1929 ] 4.59 4 - 23.10 4.04 - 9,02
4 193¢ § 3.37 19,16 - 3.00 1,20
19314 3.38 20,92 312 9.07
b9 ). 388 o b 21,55 - 3.8 B.76
1933 -1 " 0.14 _.l.62 ' 0.13 0.20
934 | 11,83 44,40 -1 .. - 10.75 20.51
1935- 10051 46,10 9,79 25,36
1436 4.80 _ 26,44 4.34 12.09
1937 2.46 16.59 2.31 6.55
1938 4,25 22.98 3,78 9,37
1939 2.66 - 16.82 2,43 . 6.33
1940 | 8,05 36,72 7.09 19,83
1941 5.56 29,95 5.04 14.67
1942 . 0.0 0.0 0.0 0,0
1943 4.76 : 94,96 4,23 10.48
1944 _4.09 22.10 3.63 8.75
19450 0.0 0.0 0,0 0.0
1946 10.86 46.36 9,57 24.98
1947 - 8,78 16.89 7.74 19.15
1948 3,49 19,92 3.12 7.71
1949 | 8.77° 37.11 7.75 20.49
1950 2.58 . 16,75 2.38 6.43 |

1951 - 8.25 40.23 8.15 19.94
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Table 8-6 (b)

‘Maximum Accelertions of the Year at ihe Omr Dam Site
dwring the Period from 1900 to 1987

: . {gal)
[ _Attenvation. Equation _ - :
Year Oliveﬁgg’s ta. HcGuiJ{-(?C'_F £q. RosenEi)slngezt?]& Eq. ‘Kataygr&a::s Bg. |
1952 . 12,18 49,75 10,73 27.38
1953 2.92. 19,01 205 7:99
1954 1. 3,66 21,22 L 3.22. 9,14
1955 0.17 1,84 Q.15 0,24 .
1956 1.07 6.17 1,02 008 .
1957 2.62 12:19 2:43 6,98
1958 3.51 20.23 3,15 198
1959 5.29 21,56 4.1 12,52
1960 2,42 15,83 2,23 5:88
1961 3.10 19.00 2.83 7.58_
1962, 349 18.20" 2.82 o782
1963 . 3.43 19.40_ - 3.06 7.31
1964 4.54 23.49 4,01 9,33 -
1965 3,14 20.06 2.94 8.61 -
1966 6,63 38.03 £.16 20,16
1967 3.16 19.85: 2.94 8.33
1968 51.06 112,35 94.23 57.93
1969 5.55 25.92 4.90 10.06
1970 14,31 48.40 13.94° L 21.44
1971 £.09 28,18 5,37 11,50
1972 _17.66 .54.26 19.10 24.10
1973 16.47 52.21 17,11 22.84
1974 1.76 12.10 _1.99 _3.90
1975 15.79 51,18 16,28 25,15
1926 18,75 60,93 17.94 30,66
1977 5.71 26.63 5.0 10.51
1978 13.57 11,45 16.38 56,21
1979 1.42 1008 1,29 2,90
1980 870 31,68 8.88 11,02
1981 1,29 9.3 1.17 2,64
1982 2,94 16.17 2.59 _5.30
1983 30.07 87.98 50. 30 5203
1984 45.37 104,41, 72.66 63.72
1985 12.21 40.36 13.19 16,07
1986 11.32 37.08 13.19 - 13.00
1987 2,44 14.01 2.15 A28
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. Table 8-7 ~  Maximum Accelerations Expected at the Ayvali Dam Site
- for 8ix Return Periods

Attenuation ' L Return Périod  (Year)
' juation .

Equats 50- 100 200 {500 1000 10000
‘Oliveira 41,1 | 45,4 ) 48.4 51.0 52.3 S4.2
Equation = L :

McGuire 100.2 105.2 108.5 111.0 112.1 113.5

Equation

Esteva & | '96.5 | 117.a 135.1 153.3 163.5 182.4

Rosenblueth :

Bgquation . :

Katayama © . 63.2 | 66.6 | 68.6 70.2 70.8 71.5

FEquation . - '

Probability | 0.98 | 0.99 | ° 0.995 - 0.998 0.999 0.9999
Table 8-8 Maximum Accelerations Expected at the Olur Dam Site

- for Six Return Periods

Attenuation ' : _ Return'Period (Year)
Equation SRR

' 50 100 260 500 1000 10000
Oliveira 45.4. 51.0 | s5.2 59.0 61.0 64.3
Eguation : . : :
McGuire " | 106.9 112.7 116.5 119.5 120.8 122.7
Equation ' :
Esteva & 75.7 | 92.5 107.3 123.2 132.6 151.5
Rosenblueth | - : e -
Equation
Katayama .| - 62.1 | 65:.2 ‘| ‘67.1 68.5 69.1 69.8
Eguation
Probability 0.98 | 0 0.99-} 0.995 0.998 |  0.999 0.9999

Table 8-9. Supposed Maximum Acceleration for

the Ayvali Dam Site and the Olur Dam Site

: : Maxiinum.Acceleration at
Dam Site Ground Surface (gal)
'_Ayvalli ' 180 gal

Olur : _ 150 gal
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" Table 8-10 Design Horizontal Seismic Coefficient

. for Dam
Dém_ Type . | Design Horizontal Seismic
_ ‘ : : Coefficient
Fill Dam | 0.15
| Gravity pam~ . - 0.15
| Arch pam _ R .30

B B
5 LORERAR - ?ﬁ%ﬁ@&% LU, ¥ LOMRSEIERITHT BEAT
mR. T, B DRI N D, REETH 5 SIAEI, W50
k5 BT S 1B MR BRI LIRS F R LTI o
Uiy BBRMOKE X1, ﬁﬁén%ﬁﬁﬁ@ﬂ&ﬁ%&\mﬁ RO &
éﬂﬁ%xvﬁAQﬁM%ﬁ AT B I, BB DR Ty 7T, BRI &
55 AORBEEROWRAEENS 5 & NBENS, $70h BB & BIRT
mﬁﬁmib\mﬁﬁﬁmﬁﬁﬁkamfﬁﬁﬁé LREEND,

BENH

1) Oliveirs,  C. ; Selsmic Risk Analysis, BERC 74-1, Barthquake Engineering
Research Center. University of California, Berkeley (1974). 1-102.

8 - 31



2)

3

4)

5)

6)

7

8)

9

McGuire, R.K. ; Seismic Structural Response Risk Analvsis incorporating

Peak Response Regressions on Barthqguake Mdghitude’ané Distance, Mass.

Inst. Tech. Dep. Civ. Eng., RT4-51 (1974) . -

Esteva, L. and Rosenblueth, E. : Espectos de‘Temblbfe‘s'é- Distancias
Moderadas v Grandes, Proc. Chilean Conference on Seismology and

Barthquake Engineering, vol. 1, University of Chile (19386).
Katayama, T. ; Fundamentals of Probabitistic Evaluatlon of Selsmic

Activity and Seismic Rlsk (in Japafiese), SEISAN-KENKYU (Monthly: Journal
of instirure of Industrial Science, University of Tokyc),ZT-S(IQTS).l-ll.

BF RIS, t%ﬁ% FoE ﬁﬁﬁ%ﬁ@%ﬁt@ﬁmﬂﬁxﬁﬁﬁﬁmn-
FHRE VOL. 14, Nod up 67~111, 1975

MRS, RAE it - %@k&Uiﬁm%@ﬁEﬁﬁﬁhﬁﬁéﬁn\iﬁ
XHER. #3525, M-2,  1984.12

ARz, W : iﬂ%ﬂﬂ%ﬁ&%ﬁ’%ﬁﬁmﬁﬁfﬁtob\’CGD—-“DCD Yia -
VEPH j:ﬂi%zsnmﬁiﬁ{%%\ No34d, T~ 1, pp. 299*-'304, 1984 4

Watanabe H., Sato S. and Murakémi'K D Evaluatlon of Earthquake Induced
Sliding in Rockflll Dams, Soil and Foundatlon VOL 24 No 3 pp 1*~14

Sept. 1984

HABSHE - ﬁ%ﬁ%%mmgmﬁKWtﬁ:mm'

8 - 32



% 9

A ®

m
]






BOE M X A W

"
9. 1 %ﬁ%%ﬁ@@ﬁﬁﬁ et veaiaea, e eaireie e, 9-1
9 11 ‘_-O.l_tn)llﬂﬁgég'f@@#ﬂﬁ B L L R R R L R PL PR PREPREPPISPY 91
9.1.2 fﬁﬁﬁﬁ%%@@ﬁ@ﬁ ............................................. q—§

_(1)' ;@@'ﬁajgﬁﬁﬁ e g-8
@ ?ﬁ’;ﬁgﬁg‘ﬁf@@ﬁ@ﬁ ............. ettt et et 9—6
9.9 §f@ﬁ§$@&§f*ﬁﬁ e R 919
0.2 1 EEARMIZRHE coeeeeieneennn e, 9192
_ Ezﬁﬁg%}iﬁ ..... PO B R ILCTTITSTRTPPRPRRIPIIOS g —12
(2) AE 4B B eeeererenereenien et 9-12
3) FOEZS ovee R LR TR LR TR ERTELRERRELELE 9 —15
9.2.2 IHEREBE - ................................................... 9 —15
(1) 01“-’;{@% e e e e 9—15
(2) Ayval_i%‘f@‘ ....................................... g—94
9 2; 3 RKHRUR - SRR PEPPN 9 —99
(1) EokHEREE e it eararieaeeaveaaeeeaiaanas 9 —99
(2) RPZRHLAREODBRET <o omevreeermee 9 --38
g 3 BB ,.. ...................... N [ 9 —45
031 ¥ AESBIUBEMEARER --vcrrrrrrorrertotiiiiiiii.. 9 45
(1}'01{11’%’(@ ........ eereevranareanaaen RELEEERRREETRPRRRTRRPY 9 —45
(2) Ayvaligtll «-<eoveveerrenennense et e 9 —49
9_.3‘2 ST v+ oo e 9 —55
(1) Olerdt @A -« e ee e ae e e de ittt ee e taa it ettt g —55

C©) AyvaliE MR cee--e- et 9 —58
0.3.3 BBBRATEETE cvvcrrrerr e et eeecrreniaeas 9 —63
9.3 4 Yusufeli%‘f@’\&kfﬁ'ﬁ];‘ﬁ ........................................ 9 —§3

9.3.5 OlurflESAATDAYVal IO oo orrerrerre 9 64






Fig.

Fig.

Fig.

Fig .

Fig.

Fig.

Fig.

Fig..

Fig...

rig.
Fig.

Fig.
Fig.

Fig.
Fig.

Fig
Fig.

Fig.

Figqg.

Fig.
¥Fig.
Fig.
Fig.

i

i

: !
O =3 U R

o
I
w

9-10

9-11-

9-12. .

9-13

:9-14
9-15

.. 9-16

1917 -

8-18

9-19

9-20

9-21

9-22"

9-23

List of Figures

:Existing Alternative Development Scheme

General Plan of Alternative Development Scheme
Preliminary: Layout of Olur Dam Sites

Alternative Development Plan of Olur Project

" Alternative Development Plan of Ayvali Project

Area Capacity Curve of Olur Reservoir

Mass Curve at Olur Dam site

Effective Storage Capacity and ¥irm Dischaxge
at Olur Dam Site

_Area Capacity Curve of Ayvali Reservoir

Mass Curve at Ayvali Dam Site
Effective,Storage Capacity and Firm Discharge
at Ayvalil Dam .Site

Comparative Study on Reservoir Scale of Olur

Project
Comparative Study on Reservoir Scale of Ayvali

Project

Flow Chart of Energy Calculation

Optimization Study on Effective SBtorage
Capacity and High Water Level of Olur Project
Optimization Study on Effective Storage
Capacity and High Water Level of Ayvali Project
Optimization Study on Installed Capacity of
Olur Project |

Optimization Study on Installed Capacity of
Ayvali Project

Optimization Study on Tail Water Level of

Ayvali Project
Olur Reservoir Operation
Energy Generation of Olur Project

“Ayvali Reservoir Operation

Energy Generation of Ayvali Project



List:of Tables

Table 9-1 - ‘OQutline of Alternative Developmént Scheme by
' ‘Master Plan _ o ’
Table 9-2 Comparative Study on Alternative Development
' Scheme - L |
Table 9-3 Alternative Thermal Power Plant for
Optimization Study e
Table 9-4 Comparative Study of Olur Dam Sites
Table 9-5 OQutline of“ Alternative Development Plan of Olur
Project E _ o
Table 9-6  Comparative Study on Alternative Development
Plan of Olur Project | ' o L
Table 9-7 Outline of Alternative Development Plan of-
Ayvali Project ' )
Table 9-8 Comparative Study on Alternative Development
Plan of Ayvali Project |
Table 9-9 ComparativéHSthy-On Reservoir Scale
Table 9-10 Optimization Study on Effective Storage
' Capacity and High Water Level of Olur Project
Table 9-11 Optimization Stﬁdy on Effective Storage ° '
' Capacity and High Water Level: of AYvall Project
Table 9-12° Optimization Study on Installed Capacity“off
' Olur-Projéct- X '
Table 9-13" Optimization Study on Installed Capacit?'of:-
Ayval:ir Project 3 o o
Table 9-14 ‘Optimization Study on Tail Water Level of
Ayvali Projebt B
Table 9-15 - Optimum Development Plans of Olur and Ayvali’
Projects - - |
Takble 9-16 Summary of Operation Study on Olur ReSerGoir;3
Table 9-17 ‘Total Energy Generation of Olur Project -
Tahle 9-18 Firm Energy Generation of Olur Project
Table 9-19 Monthly Peak Power of Olur Project
Table 9-20 Peak Power Duration of Olur Project
Table 9-21 Preliminary Cost Estimation of Olur Projecf
Table 9-22 Summary of Operation Study on Ayvala Resérvoir

Table 9-23 Total Energy Generation of Ayvali Project.



fable 9-24
Table 9-25
Table 9-26
Table 9-27

Firn Energy Generation of Ayvali Project
Monthly Peak Power of Ayvali Proiject
Peak Power Duration of Ayvali Project

Preliminary Cost Estimation of Ayvali Project






B 98 RBR

oy
B

0.1 BEFFBIREIEIOTRE
9.1 1 Ol tul RSt R
wwﬁﬂlﬁmxﬁfﬂﬁénkCmmm#ﬁ%%%%ﬁ@mﬁﬁévzﬁwfay
. CoralIARICOV T, LA RO A BB BT 53T LThD .
BEXFIOVTHRAEHOMBMAAHEIN TS, T0) BbEFEXHKOL >TH
%Ulfui”%;f)hft& R L 100m i & DT Yusufel ify/RithE7KIKERA T &
T*@Fagjlé:\.'[).lur* Ayvali, Sakértepe GD3O@Fﬁjﬁm,ﬁﬁfﬁgf&;{kczéf@én’cm50

1, 100m & 1) B, Penek CayBoiic & D IEAMA L . Tk IBISAD
& LTofikhasic fbh s 0T, BREMEREESh TV,

19905 E 1 EROILWIHI® 25 — 75 L B NE L TV B, DAY ~7F
L OItWIIE D W THESL, 100m A& . Yusufelifkitikicin s oI,
Olur, Ormanagzi, Ayvali, Sakarteped 4 >OPIREHEMAERE L. T h 5O
OHIAHIZ LD, Fig 9-1 IRTED . 2 BBIR. IR, B4 BEED 150
iﬁéi’;ﬂ%ﬁ%%é:omf\ HEE 47780, Olur, AyvalifEfiic & 3, 2 BHEASR
B0 Ll | A TS & L TRIE LT3,

%ﬁ%é@iﬁﬁ%@%fm:omt RRY =75 EETHE. Table 9-1 ITRIED
ﬁ@ﬁ@%&%ﬂ&ﬁ%ﬁ@%@@\2o@%%ﬁ@ﬁ§$ﬁ%bf%ﬁénrm5@
BCH B,

DItWIIKHRIZ DV Tl AR EHR Tortum I, HAAARFEBIE S L CCayasan
BB AR LT B,






Alternative |

Ayval: Project

Olur Project

Sakartepe Project

o 110000 105,00

Qlur Bam

0Tur H.P.P.,

Ayvali Dam -

Ayvall H.P.P.

Alternative lI

Ayval: Project

Olur Project

Ormanafizi Project

_y 1105.00

by

0lur H.PLP.

" Ormanadz: H.P.P.

_fguali Bam
Ayvali H.P.P,
_Sakartepe han 71000
o :ﬁkartepe Hep./

Yusufeli Reservoir,

fakariepe Project

F_ig. 91 Existing Alternative Development Scheme

Alternative 1l

Olur Project JAyvah Project

IR

N\

%
™~ _EJlO0.00 v {105.00
¥1025.00
0lur Dam

v 940.00 945.00

o tpp/ ]

810.00
Ayvall Dam

710.00
_Ayvalr H.P.P./

Altarnative IV Yusufeli Reservoir,

Ayvali Project
Olur Project

Ormanagizi Project

e 7 e

“~ 2 1100.00 y105.00

1025.00

-e

i o ol
Olur H.P.P. K 850.00
Omanadzi Dam

Ormanagzy H.P.P.

718.00

Ayvall H.P.P.






ze 98t ze'oez 007907 S8 60f £T' 1T 2L 26T 00 90T ups uoT3IoNpoid AX29UF WATS [EOUUY
80°58¢ FA S TA] 95 egT 127555 8% 6% PR 8578¢T D uot3dnposg £3zsuy aderasy
0°51E 070LT ars% 0161 06T 0'0€T 0°9% #3 £379ede) patressur
06" 0E2 00° 09T 00°0% 00°08T 007097 & PROY §301%
007012 00°0%6 007012 onTosL GG oY u 12487 I23eM TTEL
: uerd Jusmdoleasq
05¢ 082 5e 05T = uIdue]
£07¢E ez 0S°€ 02°2Z w I3zaweTq
g 4 T Z Z S2UTT ¥DOISUBI FO IaqEny
) Fa03suBY
cor'g 095" ¢ 0°00% 081y 095" L u yafua
00°% os’e G- ¢ 00°% 05-€ u Jajawerg asuny
3INSSIAZ aInssaig 2aATSsa1d aanssarg aanssaid adLy
TauUNI FDEIPEIP
ceggotiat 080toee’t 066°35¢E S DOB'EOTTOT pootooe’g ¢4 . sumTon
067SET 00708 6°sE 00°6ET go-og w peqIaATY woiF 1yBTey
00 8YYy 00°08Z 00° 46T, 00°8%% 00°0BZ w yzduet 35919
00" 018 LR r) 007 €92 00646 20°50T'T w UOTIBABTT 153XD
GOEYs, 00°8T0°T 00 8TL 00°018 00°620°T E UOTIBABTY . PAQIBATY
TTIFNo0% TITIHo0d 1113 snosuafowoy . | 11754004 TITIN>0Y ad&y
LLTaAee . e . weg
6982 0§ g8t £°21T 0§°25T 28 50T 4atoedey sferolg 2aTi0333%
LOTSTY 08 TL2 I°6T 05°2LT W G0T ' £3ToRdeD oBeI10lg SEOIH
007006 00°8£0°T 0075w 00 840'T u TeAa F33Ep MO
007046 00T00T'T 00° 092 007 00T 1 w a5 1333y uBTH
: ' ) . . ITOAIREDY
8°cze 0°£2¢ g £28- 6 €S {8 G0T : AOTFUT TenUWY
LTIgr e 60s°¢ ) LTS &05"E £ TSIV IUaENIIED
1e300 329l0zg 3Teady | 329f0ag anio . TEso 39sfoxg adazrmyes | 1pafoxd TrRady’| 192fozg anyg | ATU0. AV
TIT BATIBUIBITY I 8ATIEUISATY
UBld J9I1SE AQ awiayos Juawdojaaag aaneLIRNY josumnQ -6 9Iqer




9.1.2 BRZBIREHEOREE
(1) FRRsOREASS _ | - |
1990(ERIAE | E (k. A5 - MUTS OB A0 ur, Ayval (TiTHmS m#a%%b
TUBA 0. L1 RIEAIED, <9 =75 L HEHTI OnmnagalH LT
(. 5 WA ORRERIAE SR CINE LTV BT, BRI
i, Eie E I ¥ iXSakartepedtid ﬁiﬁ@%i‘{ﬁGDﬁﬁfﬁi’@%%#%&’\TU%c
SO%. Ornanagri, Sakariepedil Bﬁ%(?)%é‘:ﬁﬁ@_ﬁ#ﬁﬁ%ﬂ ok
TR, FEHEIRE RN & S0 % N OWE 5 LA 3FHE X D12,
FHIAL AR SR CRIE L IRBUE A, THRORBIR. 10015 RiE%
B,

(2) B EOER
1) B % R .

Oltullid. & EHIRN TR, FIIAREETES B A5, ?<®iﬁk$b%ﬁ
XN, EREICRN TS ?&éi{iﬁ. Benekﬂmv‘“ﬁ"é‘éi@ 1, 100m‘f'h£f:
T, iEEmEr R, QUOszé:!J\c*( itﬂ!tl’?éﬂé 1/150 ’&ﬁc‘:%ﬂﬁ? '
< B, %%ﬁukﬁﬁbfuﬂm

Oltufids Benek!llé:”"‘*bﬁtf._"ﬁ‘ﬁﬁ,kﬁ"b\'ﬂi ﬁﬁiﬁfﬁiﬁ%i@ SOOKm c‘;‘é“r‘lﬁédﬁé
L. BHIEE bYusufel i $&%K%ﬁifﬁ\$%hi5/ambﬁzb%ﬁ
Edhid. 1/90&)%&%’7§E&JA‘9 F 720turitis. AY‘Jailfmﬁ%\ R?J}({tﬁh_ﬁb
FHE bH Y. REAEIEL TV B, | | |

Bm@MA%ﬁ;@TﬁfAﬁﬁéimm\Iﬂ%@mmm'nwmw Anzay
D3I DNH BN, WTRLHREERN BDORﬁu'Fc‘:fJ\iﬁ*ﬁfEDllf c‘Bb %’ﬁ%ﬂ‘ﬁk
B LTV, _

wafvzﬁ—fiyu%mr\MNmmﬁwﬁﬁﬁﬁwﬁﬁﬁﬁ%\ﬁﬁ'
1 100mAiE & 0 FifodYusufe ] kAR I E O 0] oA HRE L
e e T (RN | |



9) FESEHEIRO LI

(@ Ormanagzi 717 _ _

- AT I{iﬁ'e: WVE, Fig. 9-2 1OR9 80 RBFHIITRC B 5 Ayval i
Otmanagzi & Ayval iBHBIC & 5 2 BRI B L, & ARG & 5
SHEORF O 4 EIE LI bOTH S,

C@ﬁﬁﬁ@fﬁ?ﬂﬂe&2ﬁﬁ?ﬁ@\MMmmiyA@%éﬁ\ﬁ%;

DS6m, & AERARED 108MELD ., ¥ AR L2 500X10° diiRd 5,
Ayvali® Lk, EKEAEES0M E KD, 75 2y MEREThiZ, T
43m, %z'%ﬁﬁ%ﬁt:tlﬁm X10° nf& 15, T DOrmanagzi ¥ 4 & Ayvaliy LOEEHE
~¢%ﬁ,%m&%%%mmn&ptm$®MmuyL®%%%m%L\%%@ﬁ
e B, UUIE S, 37 7 =5 b, SHkE., BRSO THEE, 54
2D ERBID, RIS Do #72 CORBABOKE 3, BALAIK
_ﬁ@ﬁ&ﬁﬁmYMﬂﬁf#@ﬁ*&%@%%%mﬁLt%%ﬂ&ﬁbfﬁ%%
YT 15 505, KBEE RGBT 5o T 0fb, RETHHLHK
OTHROBDE, 105HIECILF 5o

. %E\C®R§ﬁ@®ﬂmmwﬂ,Mmﬁﬁﬁ*@®ﬁﬁﬁmﬁﬁﬁ\ﬁ@§
_ﬁ%%ﬁ?é&,B%ﬁ%ﬁﬁwﬁﬁbﬁmﬁﬁhmﬁ\mmmmhAwMiﬁ
_%f@ﬁa)§égaﬁéjjﬁi\ KA AAEE0m & LcAyval IRt B ORBEE/ NG L T,
UKD LB, TDX ST, SORBIERTHE Ornanagzl FHEIC LD
ﬂ@ﬁﬁ%%$bf%\ﬁ@ﬂﬁﬁﬁmﬁéﬁ%ﬁéhf\%of&mmmﬁf
 EORKEIE RS TH B

(o) Sakartepe FE o

Yusufel iRFARIEAKIRE Lk TRy L0 & D AnzavB, Bulanik@AHA
LTWBe wRH =5 LTl Ayval iREAT ML ER THES N TR, R
50| A WKBTAER LS VIRD . REBHF B EOHKOEE h 50l
Ot DB FHAD FHRICEER XD 2B TO7Ayval iEBHTORIKAL %
wwwﬁﬁmﬂﬁKM£b%mmmkﬁhﬁénﬁﬁﬁé$&mb\ﬁ%%%ﬁ
ﬂ&f%o;@tw;ﬁX§%75VTm\M@H%%ﬁ@ﬁ%%%@%ﬁ&\m
BAHEROTAE EIE LT, (B R E LTRig 92 WR¥D . Yusulel ik



KRR E I Sakartepe ¥ A% s 3  Sakar Leped TAYRE X HT L B,
Sakartepe &’Aﬁﬁ}ﬁw%’ﬁimmtlx)iioD?ﬁTﬁ\‘fiHﬁf?miSOmEU:éi3’?"%‘5&21}%\7"::??5\
fﬁV#wbﬁﬁ®ﬁ4wﬁA&ﬁ%ﬁ"anﬁ ®K%Lﬁ®ﬁ%%%%ﬁ'
¥ BTk, Sakartepe 3t @rﬁzﬁﬂ%ﬁ%’?ﬁﬂmﬁfﬁ&: 9“%%%&\3‘) %o fE-
T+ Sakartepe’ S ISR RS OMIE b Anzav%}Afﬁt BLERICGEEIhS
$iH B, DI Table 9-20ART MY . Sakariepedt iz > Ths
hm&ﬁ%*ﬁ&@ﬁ@ﬁ%%ﬁwﬂﬁﬁ%ﬁﬁaf\%Kﬁﬁﬁ@mﬁm
Ayvaliat@E %, Ayvali, Sakartepef’»ﬁiﬁ‘l‘ B ST AR AT D BB IO
{3Ayvali¥ L~Sakartepes A?ﬁ@ﬁﬁﬁi@(ﬁ‘%@ﬁ]fﬁh X3 0, 6% ¥

o~y BIEDZ ML HERMAME LT X B R — WFAY Y MhKES
ERERDBE LY. 12%0 T 230185,

2R 5 —FF T, Ayval ilgiiEIc X B 2&55% HERTH BB EHE
TMETH, AyvaliBBHIE, MERSIT TV AR, REFHESAvES
HALD FRICEEEE BEEBIEV. LA L, AnavBFRAES 1/20 ST
EBTH B0, MavBA TS LT RREFEUE L. Auzave ok
Bk DTS AL LR, EROKTENC & 5 KEEERORAE S 31
LA AnzavA HUS O BOKER b ¥ R BB E R 0T ﬁgn\m*g%
Vusufe | if7RMBPIC @4 2T X, Fi”éﬁ%ﬁ@;‘%ﬁﬂ%ﬁ\_}ﬁ% & tu B

OB SakartepeitEiIc L - ThH ., #HE @??ﬁﬁ@éﬁcim@ﬁ* h é"'
Sakartepef OB R RHETH 5,

(c) PHRITOR
FRRA DR, 01t oA NIRRT, Olur, AyvaliFittiic &3 2 B
SRt ST AREENEN, REES, RUT 2 b OFE SHF LT, Bb
BHTH B, | R



Alternative v

LY i
Ayvah Project 350 :
oML Rk P @

R
A
f

- 1 P:\ i “’
M

N

22 TSR N N

4 . Vs
] N %
).'a ‘%\
't?%“ \ \[-w)“

e e

Akematlve H

£ SR
TN - 1—:\ ?, ) ,.§

qust¥®

i "N

v et
Ui 2N NP
\ i)" {é ]; ! ? \

native Development Schame

e et

Fig. 9-2  General Plan of Alter






5°¢ [+283 6°¢C £t £°< i€ 6°2 oe 6°2 %' 6°¢ 11 01 350D UMA
85 £'6 5'0T 01T 6741 g ot 60T z'1T %01 g8 Tt 66T TE 40T 1807 My
180D UVOTL0DIISUOY ITUN
£EL9T £ TB0 T 0 Z6% 279881 07982 ZTBOD'T 0°'Z6¢ £°975° T 0°Tgs EEEY 0°Z65 T 0T AS0D IUSWISIAUY
¥ 85¢ 1952 €217 2705¢ e greoe €°ZTT ¢ ede A a4 L°69 A uMo £33suy watd
£°9%8¢ 2 %9¢ ko 4sk4 07848 SES 0°22¢ € Z02 $° 104 67 ELT T°521 5202 yno £210uzg afersay
. ugTonpozd A81awy yenuuy
Tivl PR 9°s% sravt L6 z°18 9°ch 9" EZT Z2°9¢% g'T¢ g6y M Fan0d Xrad WITY
01 971 K13 1L~ A 00T vs gET 8y £ i HH £3yvedey payreisur
: 0L 3] zL oL o 0% L% ot sjw agreyostq whEYITR
9741 1T 0°e1 $°L1 11T L7ZT 02T 1T sf.® a8xeyrsTQ WIS
£°681 LT0%T 062 97291 L°0%1 9 311 5% Lrovl L PESH 8AT3IIRIIY
L7102 L'69T 0 Zg LT69T L°89T 0°EEZT 0 ge L°6HT w PE3Y 53013
0°52¢L DT Ewe 07524 ¢ LSL 0 E%6 0'6%L 0" 058 QTgve u 13437 XajeMm TTal
[A-4] L°260°T Crigd L78T6 L°Z60'Y o' gvs 0°8E¢g L7T60° Y ] Tana] 13184 TEIIONR
. urid Ivecdoisang
0%6 £6€ STT - 0og £6€ o€ 0ez g6 e Y3Buar
’ ¥2038URg
00s's TOT'B. - 082’y 00t‘s oos'e 00Z* ¥ 00T 8 w qafuat
$°s X % - s % [ 4 LA ] T4 w 133ameTd Fanuy
< . : 1auuny 3veIpeI”
ea7 1T . €69°¢ 008 0091 £€69'¢ eos'T 00T £63'¢ & (0T aumtos
SE1 TET L2 . 6T T EY LOT TET w a3yBreg
TTY¥IAOOY. TITIA00Y Haxuzrg 173503 ATTIN008 Iaqueag TTTINo0d- TTTIH20Y 8dfy
: : ’ . - : wed
9 ERZ g 281 - G e8T IS8T £t 0T [ 4 M 50T afei0ag aaf1D9333
T Liwy 57TULT §TTT L%y §7ZLT g2 §°2Z% [ X I 50T 2Bwi035 s5019
07006 .o.d.m_nc..m 0748 006 07 820" 0'sve 0°3¢6 0 §L0°T w TIABT I2YBM H07]
CTons 0 001" RIARA-F o o%6 0°GOT' T Dose 0 oYs 0° 00T Y w T3a87 283¥H u3TH
i . B . . ITOAZDESY
1228 L 818 LTI%8 1228 47815 .n.N.N.m 07268 £°81s W 901 MOTIUY Tenuvuy
0°TLTISTY 6057 ., Z8Ly L18°y B0S‘E L5ty £80°Y 60S°E 2L Ta2Y JusumdIED
avsfoag ¥dafoag o 3aloag 30002 158f034 v 3osfoag FEETE 3 32aloag )
TFieL Tready anty ..H.muou.. - adajieymg | riesdy an10 B0 Fraady TrReusmig anggy ATUn wayy

I1l SATITUAIITY

1 BATITUIILITY

Al PATIRUIIITY

alwayss 1wawdo[PAs SANBUIAY UO ApmS santeredwon  z-6.9(qelL

11



9.2 EHEEEO LB
9,21 RARBRME

(1) HEANEIS \

A %&ﬁ%’é@kt?‘iﬁ*ftt\ Ultuuﬂﬂiﬁ\ﬁu\%"*kg éﬂ%’(ﬁ;%?ﬁfﬁﬁmf&ﬁ%
KNRBHANEWREFEL, COBME ﬁT@?&c‘: ﬁlm“ﬁ‘%"&%ﬂih\éo SED
Ixd 1% ER A Mb:@@ﬁlﬂi@ﬂﬁ?ﬁ?ﬁﬁ <. %‘?ﬁ%ajﬁ:h)\ﬁ%ﬁ&{ﬁ%mféﬂ
TL\%%)\E%)@’J%RE’%”’“& LTHW:,

_ ﬁu’rﬁgﬁﬁi 9, LITTHEES Ihtﬂlur\ Ayvalili3HE I & 5 2&“@5%31’ %Gw:)
W, 7}(8%)1/# b REBELE, ﬁ%kﬂﬁiﬁfﬁk%ﬁ?“%ﬂ:iﬁ%%ﬂ%bx unba)ktﬁi't
RERIT OO THERI 210, %ﬁﬂ@%’&ﬁﬁtto

Olurtids X Chyval st ORISR, 5.3, 3 12k «tﬁb Hﬁ%hﬁﬁbfim'
SR, 005K L 32006&53{5&;’::\ mmu—cﬁh&ﬁk‘a@‘%@\_a%o Bt~ TOlurdt

Bids  OXAyva L IRHIORAMAL, T4 U0l L @ﬁaur%@&n{
é%k&ﬁ?%%&L\MMd B4 Ohyval i3+ #%ﬂ%ﬂﬁ&hﬁ%éﬂa&m'
ZAZ DWW LI WE S Lis, ' _

H:ﬁ"‘%tbiﬁﬁféi IQQIETEH#}E@FE%(&%%#}M*ﬁ ﬁCD PrDJect life:

(504F) @i%%itﬂ?ﬁﬁ(c) c‘:%ﬂ&%ﬁﬁ@ﬁ‘éﬂ%ﬁﬁ‘éﬁ%kﬁ@iﬂ%{tﬂ” fé"ﬁ(ﬁ)
EhokE SERMEAFR (B-C) ’a’:?“@& Ufco a2l ﬁ*—%fﬁ%& ?ﬁﬁnlﬁﬁ
THBBERBA LTS B, |

7545, Olur, Ayvalifieti #b@ﬁﬂif@ﬁ@ﬁhﬁﬁ%ﬁ%biUﬁﬁkﬁ%5

%ﬁ@ﬁﬁﬂirmﬁ%@%%ié%bto&#@tmmmnammT@mg4ahT

RY,
2 £ &85

K %®ﬁ%k&&ﬁﬁﬁ%ﬁﬂ\%ﬂ%$0@&%ﬁ§#bm© @ﬁELﬁf
BBREFT LS L ->CBLAL, |

g . 12



R B =R R
- — WA SR TR
R+ R =R X R
| o i (1+i)"
: (T+id™ —1
ncEMGE BAMEm 50
- ATTHRERN 96
| BRI 3B
PcEE K 95 %

o AE N ER =

+ KB 9.6 %

KOgERE - 9.9%

. BWRHRE - 9.9 %
e (BB B HR)

EABRHE 05X

ALt 1.5 %

BRI 1.5 %

LRt TR A DRBOFRRRRBLTOL 185
A BH O 101 %
CokhssmRm 1.1 %

| BSHRTE 1.1 %

9 - 13



Table 9-3 Alternative Thermal Power Plant for Optimization Study -

Ttem Unit : ‘Description
L ]
Type : Cosl Fired Power Plant
Installed Capacity MW 300
Annual Plant Factor z 70
Thermal Efficiency -2 _ 38,3
Annnal Energy Production -GWh - 1,839.6
Investment Cost 10°% TL 1,806,000
Service Life Years 25
Construction Period Years 4
Capital Recowvery Factoy S 0.105%6
Coal Calorific Value kealfk 6,500
Coal Surface Moisture B SR 7
0il Calorific Value -kcallkg 10,500
Fuel Consumption Rate (Coal 95%) kg f¥Wh S 0.353
Fuel Consumption Rate (0il 5%) kg /{kWh- 0.011
0 & M Cost, Administration Cost 2 3.0
Unit Fuel Cost (Goal) TL/kg ~205.1
Unit Fuel Cost (0il) TL/kg 552.0
Annual Cost Fixed Cost | Variable Cost
Capital Recovery o lOE_TL . 191,363.0 -
0 & M Cost, Administration Cost 10% TL C48,762.0 '5,418.0
Fuel Cost 10° TL - L 144,364.1
Total 10% TL 240,125.0 © 149,782.1
Annual Cost at Receiving End o S _
kW Cost TL/kW 1,018,133%)
kWh Cost TL/KWh 87.85%
1y 240,125.0 x 20° 1L s 1 ois 153
300,000 kW X B,
gy  48.702.1 % 10° %L 079" = 87.85
1,839.6 x 105 kwh - 8
3) Adjustment Factor for k¥ & kWh
Item kW kuWh
Transmission Loss Rate (%) . 1.4 1.1
Station Service Rate () 5.6 6.3
Forced Outage Rate (Z) 4.0 -
Scheduled Qutage Rate (I) 12.0 -

kW Adjustmeént Factor

1

¥

1

k¥h Adjustment Factor

9

(1 - 0.011) x (1 - 0.063)

- 14

= 1.079

(1-0.014) x (1-0.056) x (1 - 0.04) x (1-0. )
.272 '
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Table 9-4 Comparative Study on Olur Dam Sites -

BT

Difference

ILtems Unit Upstream | Downstream ({1 - .
Site Site (2))
outline of Main Structure - '
Effective Storage Capacity | 10°m® |  243.6 150.1 bk
Diversion Tunnel ' S
Numbar of tunnel o1 1
Inner diasmeter x length m 5.4 x 508 5.4 x SQO
Dam L o
Crest elevation ‘m 1,104.0 1,104.0
Height of dam m - 131.,0 136.0
Crest length m 310.0 390.0
Upstream slope 1:2.4 1:2.4
Downstream slope 1:1.9 1:1.9
Spillway : o
Design discharge w /s 4,950 -] - 4,950
Gate type x number ~radial x 3  rsdial x‘3'
Width x height m 13.6 x 16.0 | 13.6 x 16.0"
Headrace Tunnel m 8,500 g 250 +250
Quantities of Main
Construction Works
Excavation for Dam 103 m? '1;026 -16370'7 ~ .250
Total Dam Volume 109 m3 3,693 5,227 ~1,534
Drilling for Grouting m 29,000 ' 34,000 -5,000
Excavation for Spillway 103 w? - 790 920 - -130
Construction Cost
Dam 10° 7L 129.6 167.7 -38.1
Spillway 10° TL 48,3 R S A -3.4
Headrace Tunnel 10° TL 120.5 116.9 - +3.6
Total 106 TL 298.4 336.3 -41.5
Annual Cost (C) 10° TL 44.8 50.5 5.7
Annual Benefit (B) 10° TL 124.4 124.6 +0.2
Annual Surplus Benefit (B-C) 109 TL '79.6 74.1 +5.5
9 - 18
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Outline of Alternative Development Plan of Qlur Project

Tabie 9-5
. Name of Alternative
Item’ Unit
_ OPM opJ QPT OPK
Catchment Area kan? 3,509
Annual Inflow 10% m? 655.65
Reservoir :
High Water Level m 1,100.00
Low Water Level 1w 1,078.00
Available Drawdown " m 22.00
Gross Storasge Capacity 108 w3 244 .10
Effective Storage Capacity | 10° m’ 145.60
Water Surface Area 108 m® 9.03
Dam B
Type Rockfill
Helght m 136.0
Volume 106 m? 3.5
Headrace Tunnei _ .
Type Pressure { Pressure Pressure | Pressure
_Length_ km 8.10 9.67 9.30 9.66
Péw£m$ ' .
Length - m 393 325 428 436
Development Plan _ . :
Normal_"Wat'er Leve] m 1,0692.70 1,092.70 1,082.70 ] 1,026.70
Tail Water Level m 944,00 934.00 930.00 929.00
Gross Head m 148.7 158.7 162.7 - 163.7
Effective Head m 139.7 148.5 152.4 153.2
Firm Discharge m*/s 11.1 11.1 11.1 11.1
' Maximum Discharge m*/s 44,4 44 .4 44 .4 44 .4
Installed Capacity MW 54,0 57.4 58.9 59.2
Construcﬁioﬁ Cost
Relocation Road 10° TL 12.7
Comp Facilities 10° 7L 5.0
Land ‘Acquisition 10° TL © 50.9
Civil Work 10° 7L 255.8 272.9 278.1 275.9
Hydraulic Equipment 107 TL 28.0 27.7 20.4 28.8
Electrical Equipment 10° TL 64.5 67.5 69.3 69.6
Contingency - . 107 TL 32.0 33.8 35.5 34.3
Engineering and Admini. 109 7L 36.6 38.6 39.4 39.2
'Interest during - 107 TL 106.5 111.9 113.9 113.3
Constructiorn
Total 107 7L . 592.1 620.9 633.2 629.7
g - 21







Table 8-6 Comparative Study on Alternative Development Plan of Olur Projest

Name of Alternative

9 - 23

. Description Unit
" OPM 0PJ OPT OPK
High Water Level n 1,100.00 | 1,100.00| 1,100.00| 1,100.00
[ow Water Level m 1,0678.001 1,078.00{ 1,078.00} 1,078.00
Available Drawdown m 22.00 22.00 22.00 22.00
Effective Storage ‘m 106 145.60 145.00 145.60 145.60
Capacity
Tailwater Level m 944,00 934.00 930,00 929.00
Effective Head m 139.70 148,50 152.40 153.20
Maximum Discharge m/s YA B4 4.4 Gl b
Installed Capacity M 54.0 57.4 58.9 59,2
Firm Péak Power M 45.2 48.2 49.6 50.1
“Energy Production _
Avérage Energy GWh 202.5 212.8 216.7 217.6
Firm Energy - GWh 112.3 118.0 120.1 120.6
Uniﬁ_Banefit'Value o : : _
Firm Peak Power TL/KW | 1,018,133 | 2,018,133 | 1,018,133} 1,018,133
- Average Energy . TL/XWh 87.85 87.85 87.85 87.85
Benefit (8) .
Firm Peak Power TL 10° 43.9 46.8 48.2 48.6
. Average Energy TL 10° 17.5 18.4 18.7 18.8
Total : TL 10% 61.4 6.51 66.9 67.4
Tavestment Cost - .
Civil Facilities TL 10° 469.8 496,2 500.4 497.6
Hydro and Ele.-Mech. | TL-10° 122.3 126.5 130.3 130.1
Eq.
Total TL 107 592.1 620.7 630.7 627.6
Annual Cost (Cj, Co )
Civil Facilities TL 107 47.4 49.9 50.5 50.3
Hydro and Ele.-Mech. | TL 10° 13.9 14.4 14.9 14.9
Eq. ' L 10°
 Total 61.4 64.3 65.4 65.1
‘Annuel. Surplus Benefit | TL 10° 0 0.8 1.5 2.3
(B-C) -
Benefit GCost Ratio 1.00 1.01 1.02 1.03
(BfC)
Unit Annual Cost TL/KWh 303 302 302 299
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Table 9-7 OQutfine of Alternative Developmont Plan of Ayvall Project

Unit

Name of Alternative,

Item - S
APM _ . APU ~ APL
Catchment Area k? 4,517
Annual Inflow 105 n’ 813.0
Reservoir ' _ o
High Water Level m $40.00
Low Water Level m "900.00
Available Drawdown m 40,00
Gross Storage Capacity 208 m¥ 447.10
Effective Storage Capacity | 106 m’ 283.60
Water Surface Area 10% m? 10.17
Dam
Type Rockfill
Height m 185.0
Volume -10% m? 10.9
Headrace Tunnel _
Type Pressure -t - Pressure
Length km ., 8.5 - 7.8
Penstock _
Length m 940 - 290 320
Tailrace Tunnel ‘ . :
Type - | Non Pressure | Non Pressure
Length km - : 9.3 2.1
Development Flan ‘ o : :
Normal Water Level m 926.70 926.70 926.70
Tail Water Level m 725.00 - 700.00 |- - .700.00
Gross Head m 201.70 226.70 226.70
Effective Head m 187.70 . 214,20 .. 213,70
Firm Discharge m*/s 17.6 | 17.6 | "17.6
Maximum Discharge m/s 70.4 70.4 70.4
Installed Capacity MW 117.4 133.4 133.1
Construction Cost : ' '
Relocation Road 10° TL | 34,0
Comp Facilities 10° TL- 5.0
Land Acquisition 10° TL k2.7 _
Civil Work 107 TL 531.4 536.1 {  550,9
Hydraulic Equipment 10% TL $33.2 25.2 |- 2 27.9
Electrical Equipment 10’ TL 95.4 108.4 - 108.2
Contingency 10° TL 63.5 .. 65.5 | - 67.2
Engineering and Admini. 10? TL 69.9 | . 70.9 72.6
Interest during 10° TL . 209.5 212.1 o 217.1
Construction : .
Total 10% TL 1,084.6 1.099.9 1,125.6
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Table 9-8 Comparative Study on Alternative Development P_laﬂ of Ayvali Project

Mame of Aiterngtiﬁe.
Item Unit e
APM APU ' APL

High Water Level m 940.00 $40.00 940.00
Low Water Level m 190000  600.00 900.00
Available Drawdown m - 40.00 40,00 40.00
gffective Storage Capacity w108 283.60 283,60, 283.60
Tailwater Level m 725,00 700.00 700.00
Effective Head m 191.8 © 217.9 217.3
Maximum Discharge m?/s 70 70 70
Installed Capacity MW - 117 133 133
Firm Peak Power My 95.7 . 110.8 11¢.4
Energy Production o _ _ ,

Average Energy GWh 364.2 4091 407.9

Firm Energy GWh 246.1 276.5 275.3
Unit Beﬁefit Value : . o

Firm Peak Power TL/KW 1,018,133.00 | 1,018,133.00 | 1,018,133,00

Average Energy TL/kWh 87.85 87.835 87.85:
Benefit (B) ' . , : o

Firm Peak Power TL 107 93.0 107.6 107.2

Average Energy TL 10? 31.5 35.3 35.2

Total 1L 107 1244 142.9 142.4
Investment Cost - : _ .

Civil Facilities TL 1.0? 911.6 918.7 540.9

Hydro and Ele.-Mech. Eq. TL 10° 172.9 181.2 184.7

Total . - TL 107 1,084.6 1,099.9 1,125.8
Annugl Cost (C) .

Civil Facilities TL 10° 92.1 92.8 95,0

Hydro and Ele.-Mech. Eq. TL 10° 19.7 20.7 21.1

Total L 10° 111.8 113.4 116.1
Annual Surplus Benefit (B-C) | TL 10° 12.6 29.4 26.3
Benefit Cost Ratlo (B/C) 1.11 1.26 1.23.
Unit Annual Cost TL/kWh 207 277 285

9 -~ 238
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Cumulative Flow {m/s-d)
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Fig. -7 - Mass Curve at Olur Dam Site
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