.
i

8.3 Design Seismic Coefficlent

8.3.1 Design Seismic Coefficient for Existing Dams

" To determine the design seismic coefficient for the Project, the correlation between seismic

risk and adopted design seismic coefficient for the existing and planned dams in Turkey was

studied. The design se_:iémic coefficients (horizontal ground level seismic t:oefﬁciénls) for the
45 dam sites were in hand out of 184 dam sites (Danis and Hydrbe!ectric Power Plant in’
Turkey, 1990). | | | .

' Available seismic risk map for Turkey was prepared in 1972 by the Government of Tu"rkey

{IMAR ve ISKAN BAKANLIGI). Then, the correlation between seismic risk and the design

seismic coefficient was studied by comparing the seismic risk map wilh the dam location. The

' se:smlc risk map for Tunkey which shows the 5 zones re!atmg to the degree of risk covering

the whole of Turkey is gwen in Fugure 8-6. The result of the survey is also givén in Figure 8-7.

Consequently, the results can be summarized by item as follows,

. The maximum value of adopted de’sigﬁ seismic coefficient was 0.18,
.« Th_e m“mimuni value of adopted design seismic coefficient was 0.05,
. “The value of 0.18 as design seismic coefficient was adopted for 1 site out of 45 sites,

simitarly 0.15 for 18 sites, 0.12 for 4 sites, 0.10 for 16 sites and 0.05 for 6 sites,

. 'Thg goefﬂ_cient 0.15 is_notiéeable .in 1st degree zone given in. Figure 8-6,
. The cosfficient 0.120r 010 is ndtigééb!e in 2nd deéréze_z‘;‘.)ne.

© The cdefﬁgier{l .0.'1'5 0r0.10 is.nbt;‘ceab!e:'i'n: 3rd QEgreé :zon"e,' and

s The coefficient 0.05 s noti’ce:'ab!.é in dth .degree. zone.
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In this study, the reasonable resulls are obtained, that the high coefficient was adopted for the
hazardous zone, and on the contrary the low coefficient for the sater zone.

Considering above-mentioned tendency, it can be standardized as follows from the viewpoint
of earthquake-re'sislant design for dams in Turkey.

s The désign seismic coefficient 0.15 can be applied for the 1sl degree zone

e . The coefficient 0.15 - 0.12 for the 2nd degres zone

. The coefficient 0.12 - 0.10 for the 3rd degrée zone

. The coefficient 0.10 - 0.05 for the 4th degree zone
8.3.2  Estimation of Maximum Acceleration atthe Sites -
(1) - Analysis Method

: The est:matlon of the maximum ground .acceleratlon at the Bayram and the Bagruk dam site by
f slatlshcai probablllty analysss was performed {o determine the design seismic coeffi ceenl The

_ selsmlcrty data used in this study are those compiled by NOAA (Nallonal Oceanic ‘and

- Atmospheric Admzmstrahon Fn\nronmenta! Dala Semce) The number of earthquakes which
o occurred within the :ad:us of 800 km from the site during the peuod from 1880 to 1997 is
' 11.1 18 for the Bayram dam site, and 11.126 for the Baglik dam site. Of prewously proposed

attenuation models which express maximum ground _éc<:e|eralion A (gal), in terms of

" earthquake mégnjtude M_ and epicentra! distance R {km), four modeis shown below are used

in this study. a

| LogA 3 090 +0.347 M -2 Log (R+.25) ........ | ..... (1_) :pfoposéd by‘(z‘f. :O:Iiveira 1)
Log A. 2. 6?4 +0. 2?8)M | 1.301 Log (R+25) ( ) proposed by R K. McGuire 2)
Log A = 2.041 +o.347IM-1.6 Log R oo (3) - proposed bQ L Esteva and E.

Rosenblueth 3)

8-11



LogA = 2308 + 0.411 M - 1.837 Log (R+30) ............. (4)  proposed by T, Katayama 4)

The maximum ground accleration for several relurn periods were estimated with the third-type
asymptotic distribution based on the “Theory of Extreme Values”. '

Estimation were made with the data in the period 1880-1987 by taking an equal time inten.:va'_l of .

. one year..
2 Restills of Seismic Risk Analysis at the Bayram Dam Sile

" The distributions of maQnitudes and epicentral distances regarding seismological data used in
“the seismic risk analysis al the Bayram dam site (42°09' east longitude, 41°15' north latitude}
are given in Table 8-1 and Figure 8-8. The number of earthquakes yeériy from 1880 to 1997

‘are given in Table 8-2, while the estimated values of maximum accelerations in the

_ 'earthquakes with the greatest effects on the site in each of the years are given in Table 8-3.

The “seismic risk . ana1y31s resuus based on the: statistical probab:hty theory techmque
concernmg the Bayram dam site are shown in Fxgures 89to 8 12

(3)  Resuits of SeiSmic Risk Analysis _a{ the Baghk Dam Site

R The dnstnbutsons of magmtudes and epncentrai d;stances regardmg sensmoioglcai data used in

the sensmlc risk analysis at the Baghk dam site (42°03" east Iongitude 41°13‘ north latitude) - e

are given in Table 8-4 and Figure 8-13. The number of eanhquakes yeany from 1880 to 1997

are given in _Tab!e 8-5, while the e_shmated values of maximum accelerations in the

earthquakes with the greatest effects on the site in each of the years are given in Table 8-6.

The seismic risk analysis results based on the slahshcat probablluty theory lechmque |

concerning the Baghk dam sile are shown in Flgures 8-14 to 8-17.
@ Maximum Accelerations Assumed for the Bayra'm and the Baglik Dam Sites
" The maximum accelerations at'lﬁe_ ground surface assumed for the Bayram and the Baglik

" dam sites can be put together in Tables 8-7 and 8-8 from the previously-mentioned seismic
risk analysis.- ' '



As can be comprehended from the tab!es', the results of eslimation of maximum écceleralion

vary greatly depending on the attenuation equation applied. Since such uncertainties exist in

“the seismic risk analysis, and as evaluations are on the conservative side, a value enveloping

Table 8-7 or Table 8-8 is 10 be considered as the assumed maximum acceleration for each

site.

tn effect, 150 gal is to be téken as the maximum acc_eierali'oh at the ground surface during -

~ earthquake for the Bayram d_ai_'n site, and 190 gék for the Baglik dam site.

* Further, the 150 gal for the Bayram daim site -and the 190 gal for the Baghk darh site .

approximately correspond to a return period of 1000 years.
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Table 8-2

Niumber of Earthquakes in a Year during the Period from 1880 to 1997
_ ¢ for the Bayram Dam Site (1/2)

Year - N Sum of N Year N Sumof N
1880 2 2 1930 61 780
1881 11 13 1931 54 834
. 1882 6 19 1932 34 868
1883 -2 21 1932 22 890
" 1884 3. 24 1934 29 - 919
© 1885 4 - 28 . 1935 45 064 :
. 1886 3 31 1936 45 1000
- 1887 1 32 1937 31 1040
- 1888 .5 37 1938 49 1089
- 1880 6 43 1930 34 C1i23
- 1890 - 7 50 1240 65 “ 1188 .
- 1891 Y J 57 1941 29 1247
1892 4 61 1942 18 1235 ]
1893 .6 G6 1243 18 ¢ “ 1253 -
1894 4 70 19044 20 1273
“ 1895 -3 73 1045 22 1205
.. 1886 . B 79 1046 36 1331
- 1807 - 8 87 1047 32 1363
- 1808 o - 88 1048 32 1385
1899 i 92 1649 B3 1448
1500 6 KL 1950 38 1487
- 4901 6 104 1951. 28 - 1615
- 1902 31 - 135 1952 . . F 39 1584
1903 27 162 1953 67 - © 1621
1904 15 177 1954 46 ¢ 1687
1905 26 203 1955 27 1694
1906 22 225 : 1956 19 1713
. 1907 T 24 249 . 1957 .33 1746
1908 26 275 . 1658 - L. 43 1789
1909 40 315 1959 ; 31 1820
1910 19 c 334 - - 1960 40 1860
1911 8 - 342 1981 32 1892
1912 25 - 367 . 1962 - 899 2791
i 1913 24 391 1963 761 3862
1914 15 - 406 1964 690 4242
| 1915 17 423 1965 625 . 4867
| 1916 22 445 1966 815 5682
1917 12 457 B 1967 - 254 5936
1918 8 465 1968 . 371 . 6307
19190 11 476 - .- 1969 -2 .. 6578
1920 7 483 - 1970 : 656 7234
1921 7 490 - 1971 .30 7644
1922 5 495 S1972 : 238 7782
1923 . 16 . 511 1973 - . 196 ¢ 1978
© 1924 - 32 543 1974 ‘200 . .| | 8268 . .
¢ 1925 14 557 1975 F451 C8719 - ¢
- 1926 27 - 584 1976 625 - © 9344
C 1927 . 84 648 - 1977 443 - ¢ 9787 . -
1928 32 680 1978 412 10199 -
1929 - 39 1979 Ky | 10230

AL




Table 8-2 Number of Earthquakes in a Year during the Period from 1880 to 1997
for the Bayram Dam Site {2/2) :

Year N Sumof N
1980 31 10261
1981 40 10301
1982 . 40 ‘ "~ 10341
S _ : 1983 .49 10390
:i{= . ' : 1984 52 10442
3. ' : 1985 34 © 10476
1086 " 59 10535
1987 24 - 10559
19588 - 58 10617
1989 - 34 . 10651
| 1990 64 - 10715
- 1991 121 10836
1992 80 10896
1993 .o 41 10937
+ 1804 © 5 - 10988
- 1895 54 11042
© 1806 - 73 - 11118

1897 3.k 11118



Table 8-3 |

during the Period from 1880 to 1997 (113)

Maximunm Accelerations of the Year at the Bayram Dam Site

(gal)
Altenuation Equation
Year B o Esteva & o
Oliveira's £q. ACC. | McGuire's Eq. ACC. | Rosenblueth's Eq. | Katayama's Eq. ACC.
: ACC. '
© 1880 0.30 3.66 0.33 0.84
1881 1.38 11.90 1.44 4.60 |
1862 026 371 032 1.02
- 1883 0.23 3.65 0.30 0.97 o
-~ 1884 0.74 - 1.69 0.81 249 ‘
1885 0.37 - 4.12 0.38 - 1.08
1886 - 343 20.64 314 F 857
1887 6.16 28.76 543 12.01
1888 11.67 - 4432 1054 - 2070
1889 ©1.49 - 1038 1.22 3.67
1890 1.56 - 11.75 149 4.02
~ 1891 . 225 15.69 214 . 6.12
1892 38.29 8594 92.10 . 3675
11803 .. 146 1357 . 166 - . - 6.08
1894 : 1.31 10.24 1.25 13.29
. 1895 © 052 'B.06 0.60 188,
| 1895 1.32 10.81 1.31 376
1897 043 - 532 061 1.60
1898 . 2.57 1481 226 4.70
- 1899 . 567 28.43 5.02 12.57
1900 - 1.02. . 939 - 14.07 . 324
1901 461 2615 422 1216
1902 - 242 -16.08 . 2.25 - 642
S 1903 2513 7815 - 2344 _46.08
| 1904 '8.18 35.48 1.22 _16.05
1905 24.08 87.23 21.2% 63.18
| 1908 . 1394. 5462 1230 3039
1007 -3.147 2145 . - 310 1012
- 1908 532 28.06 476 12.87
1908 -3.02. 18,67 - 276 7.30
1910 2.00 14.24 1.90 5.26
1911 2.92 16.24 257 532
1912 5.27 ) 27.56 - 470 12.32
1913 4.91 26.85 -4.44 1232
1914 218 14.03 1.97 472
1915 . 31 . 17.58 292 - 584
19186 . 2.60 . 1844 = 243 F - 959
1917 343 B 16.98 - 307 - 514
1918 1.03 ;. B&9 _ 100 285
1919 - 16.35 . 6566 - 15.29 27.50
1920 . 4.81 27,72 446 1362
1921 372 21,13 338 9.13
‘ 1922 157 12.60 1.57 1475
1923 326 .+ 18.08 - - 288 6.37
1924 C 4818 113.24 65.17. - 63.63

B



Table 8-3

Maximium Accelerations of the Year at the Bayram Dam Site
* during the Period from 1880 to 1997 (2/3}

(9al)
Aftenuation Equation
Year o - : ‘ Esteva & _ 4
: Oliveira's £q. ACC. | McGuire's Eq. ACC. | Rosenblueth’s Eq.. | Katayama's Eq. ACC.
. L . ACC. , : 3
1925 2261 7222 2114 40.43
1826 608 31.76 548 - 115.76 |
1927 2.24 13.44 1.98 L4142
‘1928 5.81 - 27.76 . 512 i 11.54
1929 6.13 - 27.87 .54 RN
1930 L 292 - 18.04 L 262 - 915
1931 2.97 19.35 . 2.80 824
1932 . 8.18 3548 7.22 - 1605
1933 1.27 948 -1 113 © 328 -
1934 12.39 - 45.76 11.32 21.27
1935 . 800 35.79 823 © 18.63
1936 293 19.16 278 814
1937 248 16.20 . 2.28 . - 818
1938 - 2,96 - 17.89 . 2.67 ' 6.80
1939 - 573 . 3569 . 575 - 122143
11940 . 16.00 . 56.16 14,62 L3073
© 1941 - . 582 - 29.10 516 : 13.04;
1842 + 1.38 - 13.39 1.62 8.15.
1943 p 0 2.84 17.81 280 . 6.93
1844 F2.44. 1677 223 579
1245 “1.92 14.78 - - 1.92 6.02
© 1946 : 592 ~31.23 535 16.44 N
| 1947 - - 441 2485 4.00 1110
1948 L 426 2321 3.80 9.59
- 1945 - . 665 29.20 4.99 15.72
- 1950 1.76 1274 - 1.63 - 4.60 ]
| 1951 -4.55 2535 -4.12 11.37 .
- 1952 6.24 32.31 562 _ 16.09 :
1953 4.56 2188 403 = 8.80
1954 3.89 2289 - - 3.56 10.03
1955 - 264 16.60 . 2.40 6.17
1956 14.69 47 .66 15.25 19.97
1957 4.63 2469 4.13 10.45
1958 358 2049 321 8.10 -
1959 1166 46.05 10.35 72.95
- 1260 . . 1.85. 14.76 1.90 6.12
1661 584 27.72 524 11.27 B
1962 . .BA2 - 22,66 7.07 627
1963 D 12433 . 67.96 B 39,07 '31.52
1964 . 445 L4792 418 : 6.71
- 1865 353 LA S 323 ¢ 6.44
1966 : heB P 2745 6.33 14.23 B
1967 4568 2069 4.47 - 8.98 ‘
1968 11765 - 56.30 11768 | - 26.21
1669 47.32 18.95

15.13 -
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Tahle 8-3 Maximum Accelerations of the Year at the Bayram Dam Site
' ~ during the Period from 1880 to 1997 (3/3)

{gal)
[~ Attenualion Equation
* Year _ Esteva & : _
Oliveira's £q. ACC. | McGuire's £q. ACC. | Rosenblueth’s Eq. | Kalayama's Eq. ACC.
: ACC. _
1970 692 30.18 ‘ 6.15 12.23
1971 4.60 20.70 . 4.40 1027
1972 6.99 -~ 29.69 628 11.58
1973 862 | 31.24 887 . 10.76
1974 - B26 24.18 6.45 1.3
1975 o 1186 - 3995 11 15.65
1976 13.00 ' 48.00 i1.7¢ 23.10
1977 ' . 580 L 23.02 . 585 6.95
1978 - 1899 . 84.78 18.28 - 69.34
1979 1.47 10.24 132 - 3.00
1980 S 349 17.44 3.10 544
1981 i 0.93 F 757 087 _ - 2.04
1982 |. 151 | - 1092 1.38 3.63
1983 9.89 4267 871 | . =21.91
1984 . 1965 . 6058 . S 2014 | 28.73
il 1985, 5.54 : 2414 - 504 T BAa2
1985 i 1448 2431 . 4010 S 1033
1987 |- 2190 T s et 160. .| . 349 _
1988 L 819 . 3228 159 e 12.43 _
| 1980 | - 241 : 1339 212 ] . '3.82 ﬁ,
- 1990 | . - - - 3.01 ‘ . 1785 269 644 :
1991 | | 3.99 L 2394 N i : 11.00
1992 - ' 2.18 _ - 1478 . 193 C . 807
- 1993 . _ 304 1596 . 2869 . 489
- 1994 - 165 . ' 1054 ° .1.39 . 306
+ 1995 - 3.65 17.97 ' 3.25 - . 564
1995 | . 331 ) 1727 . .. 292 4. 557
1997 018 - 269 021 ... 0B
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Figure 8-13 = Distribution of Magnitude and Epicentral Distance of
' Selsmicity Data used for the Baghk Dam Site -



Table 8-5

10243

Number of Earthquakes in a Year during the Period from 1880 to 1997
for the Bagjhk Dam Site (112)
Year N Sumof N Year N SumofN |
1880 2 2 1930 61 782 |
1881 11 13 1931 54 836
1882 . 3] 190 . 1932 35 871
- 1883 2 21 1933 22 - 893
18384 -3 24 1934 29 - 922
1885 4 28 1935 45 - 087
1886 3 # 1936 © 45 1012
1887 1 © 32 1937 1 ; 1043 -
1888 5 37 - 1938 49 1092
1889 8 . 43 ~ i 1938 34 : 1126
1890 7 50 © 1840 6H P
1891 7 57 P 1941 29 220
1892 4 61 1842 18 1238
4893 5 66 ' - 1943 18 1256
1894 -4 70 - 1944 20 1276
1895 -3 73 1045 23. 1299
1896 . - 6 79 - 1946 .36 1335 - |
1897 . -8 87 1847 ) 1368
1898 1 - 88 . 1948 32 1400 - - |
. 1899 4 92 - 1949 - 53 C . 1453
1800 . | 6 a8 1950 39 © 492 - ]
. 1901 G . 04 1651 28 1520
1902 31 135 1952 39 1569
| 1903 27 - 162 1953 - 67 - . 1626 -
©.1904 15 | 177 - 1954 . 46 1672
1905 26 . 203 1955 27 1699
1906 - 22 - 225 1956 - 19 - 4718
© 1907 24 - 249 1957 34 1752
o 1808 27 - 276 - 1958 - 43 - 1795
1969 - 40 ‘316 1959 31 - 1826
© 1910 19 335 1960 40 1866
1911 8 -343 1061 32 - 1898
- 1912 25 - 168 1962 899 2797
1913 24 392 1953 761 ' 3558
1914 15 407 1064 691 4249
1915 17 424 1965 630 4879
1916 . 22 446 1966 - 815 5694
1817 . 12 458 1967 . 254 5948
1918 .- -8 465 1968 372 6320
1919 - - 11 A7 1969 272 6592
1920 | 7 © - 484 1970 . 656 7248
(1921 8. Co 492 1971 : 310 7558
Do 1922 -5 - 497 1972 T 238 7796
L1923 16 513 1973 166 7992
11924 32 . B45 . 1974 - 200 5282
11925 14 559 - ¢ - 1976 - 451 8733
- 1926 27 1 586 1976 - 624 9357
1927 - 64 650 © 1977 - - © 443 8800
1928 32 . 682 1978 - 412 10212
1929 39 . 121 1979 - 31
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- Table 85

Number of Earthquakes in a Year during the Period from 1880 to 1997

for the Badhk Dam Site (2/2)

Year N Sumof N

| 198D 31 10274
.1981 40 10314
1982 40 10354
1983 48 . 10402
.1984 52 10454
1985 © 34 10488
1086 55 10543
1987 25 10568
1088 58 "~ 10626
1988 32 10858
- 1990 " 61 16719
- 1991 123 10842
1992 60 10902
1993 - 41 10943
1994 52 109095
- 1995 55 11050
1996 73 11423
- 1997 3 11126



Table 86

Maximum Accelerations of the Year at the Baglik Dam Site .
during the Period from 1880 to 1597 (1/3)

(gal)
o B ___Aftenuation Equation S
Year: | ' : Esteva & ‘ e
- | ‘Cuveira's Eq. ACC. | McGuire's Eq ACC. | Rosenblueth’s Eq.. | Katayama's Eq. ACC,
‘ : : ACC. : ,i
1880 029 . 356 031 - 081
1881 _ c 138 - 11.92 1144 461
1882 . 0.25 3.77 0.33 1.04
1883 0.23 3.60 .0.31 098
. 1884 0.75 - 7.64 082 261
- 1885 036 -~ 4.07 - 038 1.1
1886 . 3.68 - 21.58 - 334 905
1687 590 27.98 5.20 11.62
- 1888 10.48 - 41.27 . 9.36 19.04
- 1889 1.25 :10.68 1.27 3.80
1890 1.45 11.21 1.39 3.80
- 1891 2.43 -16.48 229 - B.50
- 1892 - 41.24 - 90.20 - 12215 .38.76 -
1893 1.52 13.90 . : 1.71 6.26 .
| 1894 122 8.77 . 147 310
| 1895 064 - 820 062 184
1896 124 10.39 124 . 357
- 1897 - 044 5.44 052 164
1898 . 226 1364 2.00 4.25
1899 503 26.29 447 1142 |
1800 1.03 - 9.41 107 325
: 1901 494 . 27.35 4.49 12.85 |
1902 - 243 - 16.48 . 229 _6.50.
1903 2158 71.32 1972 - 40.96
21904 |, 785 . 34.54 - 6.92 15.54
1905 - | . 12332 . .86.44 20.55 - 61.62
1806 :|. L4920 56.99 1349 - 3205
1907 1322 . . 21.67 314 10.25
1508 - 489 26.58 440 12.05
1909 276 - 17.49 253 6.78
1810 -1.88 13.65. 1.79 5.00
1811 257 14.94 227 .4.81
1912 4.74 25.74 4.28 11.40
1913 449 - . 26.32 4.08 11.46
1914 2.01 . 13.28 1.82 4.41
1915 305 - 16.66 . 288 560
1916 243 r18.89 251 9.88
1917 292 1527 1258 4,52
1918° 0.97 833 . 1095 252
- 191¢ 16.74 . 56.53 1672 2801
1920 - 4.42 26.24 - 1413 12,73
1921 3.39 20.46 _13.10 - 8.48
1922 1.52 12.31 1.63 462
1923 2.89 16.71 2.56 5.84




. Table 8-6 Maximum Accelerations of the Year at the Baglik Dam Site
during tho Perlod from 1880 to 1897 (2/3)
(gai)
Altenuation Equation ‘
- Year Esleva & :
Oliveira's Eq. ACC. | McGuire's Eq. ACC. | Rosenbiuetiv's Eq. | Katayama's £q. ACC.
' ACC.. _
1924 3547 92.79 40.66 50.62
1925 18.72 63.87 17.07 34.94
1928 568 30.07 . 5.07 14.74
“ 1927 - 2.02 1267 1.80 3.80
1928 567 - 27.33 5.00 11.33
1929 5.32 25.42 4.69 984 |
1230 -~ 274 17.94 251 9.11
1931 322 . 2039 3.01 879
1932 - 1.85 34.54 6.92 15.54
1933 1.47 ' 9.18 1.04 3.15
. 1934 14.77 - 5128 13.82 24.35
1935 6.4 34.68 - B.87 17.93
1936. 2.91 - 19.10 275 - 81
1837 2.28 . 1541 2.12 ' 5.81
1938 282 ©17.33 2.55 658
1939 - 6.08 . - 36.98 L 8,05 . 23.20 -
1940 1351 - 50.31 12.14 2823
1 Ae4 . 588 2829 4.95 - 1260
1942, - 1.43 . 13.70 . 1.67 - B33
1943 303 18.60. 276 T3
1244 - 260 16.47 237 . 6.11
1245 4 4.92 . 1437 1.92 . 601
1846 .6.33 . 3264 LY ' 16.29
. 1947 . 4.48 12510 4.06 123
- 1948 . 4.02° 2234 : 360 2 9.16
1949 533 30.35 . 4.84 16.48
1950 . 1.77. ‘13.12 - 1.70 - 4.76
1951 472 - 25.97 - 4.26 11.71
1952 662 .33.60 . 594 - - 1688
1953 417 22.70 - 3.72 - 923
1954 3,56 21.63 3.29 - 036
| 1955 . 252 16.13 2.30 5.96
1956 1245 42.80 12.35 17181
- 1957 4.36 - 2373 - 3.85 . 9.95
1958 326 1928 1 2.94 . 71.62
1959 11.38 . - 45.31 10.08 L2281
1960 - | 195 1528 - 1.89 R L
“1961 657 2658 @ - 4.90 1071
1962 6.22 - . . 12288 . (1.23 635
1963 ~ 1967 .. 59.18 12123 2686
1964 C 4.52 18.05 - 4981 723
1965 - 4.08 18.30 3.82 6.72
1966 4.85 27.82 512 1467 |
1867 524 2261 4.86 9.42



Table 8-6

Maximum Accelerations of the Year at the Baghk Dam Site
during the Period from 1880 to 1997 (3/3)

(gal)
: . Attenuation Equation
Year - : . : Esteva & _ o :
E*—- Oliveira's Eq. ACC. | McGuire's Eg. ACC. Rosenb!égth's Eq. | Katayama's Eq. ACC.
b : : : ACC. . :
19638 18,79 -58.62 19.13 - 27.48
1869 13.38 4367 1427 1726
1970 - 6.60 - 12027 . H.85 11.78 |
1971 3.99 - 2127 - 372 10.62
1972 - 6.96 290.61 6.25 11.55
- 1973 7.69 29.00 7167 10.67
1974 6.18 23.97 ' 6.33 L7129 0|
1975 12.47 . 41.72 12.99 - 16.36
1976 11.68 44.79 10.50 2127
1977 | - 653 24.84 6.80 7.80
1978 1825 79.91 1681 £4.19
1979 1.44 9.93 1.29 280
1980 3.48 -17.41 3.09 - 5.43
1981 1.00 - 1.95 093 216 |
1982 - 153 S1114 - 138 _ 378
1983 10.30 - 4382 . 9.07 . 2262
: 1984 20.10 . 6148 - 2073 . 29.23
S 1985 521 23.20 - 471 L7187 ]
E: 1986 413 © 2268 374 - 950
1987 2.15 © 12,90 7 1.90 ... 385
1958 10.03 . :36.82 562 C 14,62
1989 AL . 1237 " 188 347
1990 - 2.1 .- . 1652 244 5.94
1991 . 370 22.79 346 10.35
1992 202 15.36 202 6.36
1803 341 . 17.20 303 535
1994 - 1.50 10.32 1.35 - 298
1995 338, ~17.09 3.00 531
1996 311 ¢ 1658 . 274 5.30
1997 0.16 273 022 0.67
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 Table 8-7

for Five Return Periods

Maximum Accelerations Expected at the Bayram Dam Site

Atlenuation Equalion

Relurn Period (Year)

for Five Return Periods

50 [ 100 | 200 | 500 | 1000
Oiiveira Equation 37 | 44 | 50 57 1 81
| McGuire Equation 93 | 106 | 116 128 134
Esteva & Rosenblueth Equation 64 : B4 | 104 j130; 148
Kataysma Equaion | 64 | 63 | 72 | 8 | &7
Probabillly 068 [ 009 | 0.9%5 | 0,998 | 0,999
Tablo 8.8

Maximum Accelerations Expected at the Baghk Dam Site

o Attendation Equation

Retumn Periéd (Year)

50

1600

| 77100 | 200 | 600
Oiiveira Equalion 3 | 38 | 43 | 48 | s
MoGuire Equation 76 |88 | 95 | 102 | 107
Estéva & Rosenblueth Equation . |- 76 | 101 | 129 | 165 | 191
[KatayamaBquaton 81 |T89 | 67 | 75 | 79
[ Probabiity 098 | 099 | 0995 | 0.998 | 0.999
8-36



Table 8-9 Supposed Maximum Acceleration for

* the Bayram Dam Site and the Baghik Dam Site

Dam Site: |- Maximum Acceleration at
| | Ground Surface (ga_l)_

'Bayram : - 150 gal |

Bagik 190 gal




8.3.3 Design Horizontal Seismic Coefficlent Used in Aseismic Design
(1) Design Horizontal Seismic Coefficient of Ground at Project Sites :

Regarding the relationship between the maximum horizontal acceleration of earthquake

motion and the des:gn horizontal seismic coefficient, the following equation will generally be @
‘vand
Kn=R.De A
' 980 .................................................................................................................... (5)
where, Kh: - © Design horizonlal seismic coefficient :
R: Converswn faclor '

'Am_ax: Maximum honzontal acceleration of eadhquake

motion {gal)

" The design horizontal seismic coefficient of the abov’e eqUatibn Is'-whal is cailed effective
sessmac coefficient or equivalent sessmzc coefﬂcseni and lhe following pr0posa!s have been
made in research in Japan ‘

| | | | ub
1) Kh={0. 35 0.42) Amax/980 (eﬁectwe value of steady sine wave) .......... i (6)
2) Kh =0.33 (Amaxfgaoma (Noda B, 1975) ..o it esenoe - ........ L
3)  Kh=0.072 +0.332 (Amax/980) (Malsuo 6), 1984)................c........ i (8)
4)  Kh=(0.13 ~0.34) AmaleBO (Hakuno 7),1984) ...t (9)
5)  Kh=(0.50 ~ 0.60) Amax/980 (Walanabe 8), 1984).........cc....icooorioe S (10)
In the Technical Guide of Aseismic Desigh of Nuclear Power Plants 9) published in 1287, the
fol!owmg equataon IS proposed as a result of overall eva!uallon and taklng mto accounl these
cases of sludy.
KN = (0.40 ~ 0.60) AMAXIFBO ..o erert e R (1) S ¥

The concepl of effective seismic cosfiicient (equivalent seismic cosfficient) was derived so that
the Iargenes's' of stresses produced in ground and st_ructures by earthquake motions will be
* equivalent for cases of handling dynamically (dynamic analysis by input of earthquake motion) -
and for cases of handling staticalty {slatic analy'sis" using design seismic coefficient). The
conversion factor which will be required for calculating effective seismic coefficient (equivalent

8-38



seismic coefficient) is thought to be largely depe'ndent on the frequency characteristics of

design input earthquake motions. That is, for an earthquake motion with long-period

components predominaril a large value (for example; 0.6) should be taken for the conversion
factor. And for an earthquake motion with short- penod components predominant, a small
value (for example; 0. 4) can be taken for the conversion factor.

As described before, the maximum acceferat'ion' assumed at the Bayram dam SEQe and ‘the

E Bagl ik dam site is to be 150 gal and 190 gal, ‘respeclively. Consequemly, applymg Eq (11)
- the design horizontal seismic coefficient of ground at the Bayram dam site and the Baghk dam

site will be 0.06 ~ 0.10 and 0.07 ~ 0.12, respectively.

" 8Since the .freq'uency characleristics of earthquake motions during earthquakes at the sites

cannot necessarily be eslimated distinclly at the preserit time, it is judged to be reasonable to

~take the desagn horszonlal seismic coefficient ol ground at the dam s#e as 0. 15 for an

o evaiuatnon on the conservative side.

(2) Désign Hdriz_bntal Seismic Coefficient for Dam-

_ Regarding the desn;;n honzontal seismic coefficients for dam as shown in Table 8- 10 the |
same value as the design horizonta! selsmic coefficient of ground is to be adopted for rockfilf

L dam and concrete gravity dam. For con:crete ‘arch dam, a value twice the design horizontal

seismic coefﬁcientiof ground s to be adopted.

. Table 8-10 Design Horiz’ontaI.Seism'ic' Coefﬁcient for Dam

Dam Type Design Horizontal Seismic
: L Coeflicient
'Rockfitl Dam - 015
| Concrete Gravity Dam - - 015
| Conerete Arch Dam - 030

(3)  Afterward

The determination of oplimum configuration and cross seclion of a dam, and Ihe basic stability
evaluation of the dam during earthquake are normally made according to the seismic

8-39



coefficient method. - The design seismic coefficient to be used in the seismic” coefficient
method, is evaluated considering a conversion factor for the maximum acceleration of
earthquake motion assumed for the site. The value of the conversion faclor can be thought to
depend on the frequency characteristics of the earthquake motions assumed. [t is desirable to
ascertain the seismic stability of {he dam by dynamic analysis at the stage of detaited design.
Namely, the appfopria!eness of the design seismic coefficient would be verified by comparison /f

- of dynamic and static analysis.

it
o
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CHAPTERS DEVELOPMENT PLAN

9.1 - Review of Existing Development Plan

 9.4.4 Outline of Berta River Development Plan

The Berta river Which is the second largest tributary of the Goruh river next to the Oilu river, s

- located at the northeast part of the Goruh river basin. It is surrounded by the Kargal mountain
© range in the noithwesl, the Savselskij mountain range in the northeast, and the Yalnizcam

mountain range in the southeast and connects to the Goruh river maihs;ream in the southwest

E for a catchment of rectangular shape in the northeast-southwest diréclion with a catchment

area of 2,315 km*. The Berla river runs from northeast to southwest ihrough the middle of this

catchment.

The'upé{ream of Berta river cénéisl_s of the Meydancik river of catchment area 577 km?® which

rises from the Kargal Mountain range at the northwest part of the basin and flows south, and -
- the Savsat river of catchment area 580 km?® which rises from the Yalnizcam mountain range at

the souiheasl part of the basm which merge at EL. 665m to become the Berta raver to flow

i soulhwesl After being joined by m:dd!e and small-size tributaries, the Sungu river from the
- Heft-bank ,slde at EL 470, and the Karga1 river and’ the Ortakoy river at EL. 515m and - -

EL 340'n%, réspectively, the Berta is joined from the right-bank si'de at L. 276 m by the
__ Ardéhuc fivier which springs from the Yalniz mountain range at the southern part of the basin, -

flows down in the northwest direction with a catchment area of 572 km?, and at EL. 212'm the -

Berla river merges with the Gorun river from the right-bank side.

Up to the present, there has been no development of hydroelectric power in the Berla river

- basin, but'in the Coruh Berta rwer basin the master plan repori prepared by €lE :n 1992, as
- shown in Table 9.1 and l-ig 9.1, there are 2 sites on the Berla nver mamstream and one each

on the tributary Meydancik river and the $aV§a! river, a total of 4 sites to compnse the Berla'_
river basin hydroelectric power development scheme. ‘



*Table 9-4 Hydroelectric Power Development Project in Berta River in the Master Plan

Name of Project Unit - | Bayra Bagdlik | Sub Total | Meydancik | Savsat
- |
Reservoir _ - L

| catchment Area Ck? | 1473|1521 2003| 331
Annual Inflow m¥%s | 17.80| 21.20 850  3.80
High Water Level ‘m. | 720.00| 570.00 855|900
Low Water Level m - | 680.00 | 567.22 - -
Gross Storage Capacity 10 °m® 71_.50_ 4034 - -
| Effective Storage Capacity | 10°m® | 57.60| 3034 - -

--| Dam ' _ : _
Type Rockfil Arch Gravity | Gravity
' Height m 120 125 - 500]  5.00
Gross Head | “m | 0| | 135] 180
Installed Capacity Mw | 400 550 os0| . 170 110
Annual Average Enérgy GWh | 14822 | 21530 36352 } I6-54.‘,87 41,14
Anual FimEnergy | own | 6570| 7884| 14454 525| 508
Total Investment Cost - 10°TL | 18135 | 17730 38565 56.42 |~ 40.41
Annual Cost - - 10°TL | 19.90| 1870|  37.80 564|404
Annual Benefit 10°TL | 1807 | 2750 - 4557 514 3.21
Annual Surplus Benefi 10°1L | -103| sso| 77|  -o050| -083
Benefit Cost Ratio . 095) 147 1.21 091 079

*1US$ = 2600 TL

. a’lvmf‘ R’
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Figure 9-1 Hydroetécuic Power Development Project in Berta River in M_asl'er Plan



The hydroelectic power development on the Berta river mainstream would consist of a two-
- step development scheme at the 2 siles of Bayram and Béghk making use of the head from
the confiuence of the two large upstream tribularies of Savgal river and Meydancik river to the

downstream Deriner project reservoir.

The MeydancukA project and the Savsat project located on the Meydancik river and the Savsat

“river, respectively, are rtin—ijriver type development schemes which discharge into Ba'yfam :

‘: ;reservoir and according to lhe master plan, these two projecls are both of rnin’us annual

surplus benefits while unit costs of electric power are higher than the fuel costs of alternahve_

- thermal p!ants and thus the two are deemed unfeasible.

In the master plan Eeport the upstream Bayram project will have a minus annual Surplus
benefit, but is feasible when considered overall with the downstream Baghk project.,

'.Acc'or'd.ing to the master plan re'pdlt' as"show'n in Table 9-2 and Figure 9-2, the:ErikEi p'rojec! at .
the upstream parl of the {nbulary Meydancuk river, the Kargal proiect at the downstream part of :

the tnbutary Kargal river, and the Ardanug project at the downslfeam part of the tributary
Ardanug river have be_en contempla!ed as run-of-river type schemes, but all have been

abandoned as not being visible as hydroelectric power development séhemes.

Table 9-2 Altematwe Hydroelectnc Power Deveiopment Pro;ect
in Berta Rwer in lhe Master Plan

- Kargal

Ardanug .

Kaleduzil

Project Name Unit Balikh
Normal Water Level m 1,36_0 900 465 720
Tail Water Level m 970 570 - 395 395
Instalied Capacity MW 35.3 23.6 - 83 | 1120
Annual Energy Production '_ : GWH 125.00 * 6?._10 2170 380.27.
Annual Benefit - 1%L, | 7as | oasd | 1e9 | 5304
Total Investment Cost 10°1L | 181.35 60.00 30.00 | 47134
- JAnnual Cost 10°TL 1910 |~ 6.00 300 | 4937
Annuial Surplus Benefit 10T 1.03. -1.16 1.31 457
Benefit Cost Ratio 0.58 0.81 0.56 1.09
) US$ = 2,600 TL

i



/‘\\rj

A
; .

AY

N

)
. _‘
E avgal )
-/ : $1f)am A

Gana
Inlake Dam

Maydanétk

' Ballkh

. Bam . A
Ilntalsel _ Kaledow ; ' :
© Task3pri i \\ Ardanug AU
. Intake Bam - 2 \\’ Intake Dam ) ;
}\ , - T T
AN Taskbpriti ‘g
f{_,) “intake Dam Q
{ : ’ L Ardanug o -qul :
\\ o ' . If‘v.
AN o
— \‘“\
. W
I W
\ e
. %\ .:':"::1
e
) o _ 10 20km
) . Cabearan . 1 S - 1
Pt sl ’ * lht’ake Uam . ) LI
: 2e\e em ﬁﬁake Dam
..... 5 . L :
Asbet L. A n Prrivmens .
PS. P8
IQBIIHL__
Intake Dam
llﬂlli_

| GAVEAT : e
un(a‘keoam ’ g :

M aydéncik - : S
Intake Dam '
Maydancvk 4

£S. Kaledizi S
PoTMW Dam . .
E=E5GWh Kaledizd P=11ZMW : Lo .,

PS G=380GWh .
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Master Plan
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9._1.2 Reexamination of Existing Development Plans
(1) Confirmation of Project Sites

in the master plan repot, oniy the Bayram and Baglik projects on the Berta river mainstream
are said to be feasible, and beca.use of this the object project sites in this present survey have
been made the two _siles:of_ the Bayramn project and the Baghk project. . The results of

reexamination of the existing development schemes in the master plan report based on the

results of studies by 1/25,000 lopographi_cal maps and field reconnaissances carried out on '

~the object project sites are as described below.

(@) ° Meydancik Project, Savgat Project

Wnth both projects, if the intake dam sﬂes were to be moved upstream intake streams would
be divided inlo numerous smatl lnbulanes SO that lhe number of intake dams would' be ; :

' mcreased the lengths of waiefways would be sharply increased and the economlcs of the
projects- will not be improved. Further upstrearn slreams would be dwlded into even more
small tnbutanes with slream dnscharges bemg small so that they will Rot be sudab!e for
' developm ent prOJecls ’ '

I both projects the river gradients between the intake dam sites and powerhouse sites are

- uniform, while there are no inflows of rhajor tributaries, so that eveh if intake dam sites and

: powerhouse sﬂes weare to be moved the economlc natures. of the pro;ects will not be
improved. ' ' '

f—unhermore the powerhouse sites of the two pro;ecls are locale near the reservoir backwater

end of the Bayram project whnch is a downstream pro,ecl and if the powerhouse locations

were to be move downstream, |t would mean the reservoir hlgh waler level of the Bayram
pro;ecl would be Iowered in this case, the added benef t of the two power stallons would be

niuch smaller than the reduced benefit of Bayram Power Station, and the economlcs of the

. pro;ects will pot be m1proved
Consequently, the Meydancik project and the $avsal project have no room for improvement of
the economics from the standpoints of tayout and the conclusion of the master plan report

which said these were unfeasible was reasonable.
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(b) Ardanug Project

The Ardanug river is a lributary next in size to the Meydancik river and the Savsat river. This
river's downstream part constitutes the reservoir of the Deriner project located on the Goruh
river mainstream and as far as 9 km upstream from the confluence with the Berta river comes

within this reservoir.

. The Ardanug river is further dwlded mto ihree trtbulanes near EL 450 m, whlch is 55 m higher :
than the flood water level of Deriner reservoir of EL: 395 m, -and the stream dlscharges of -

these tributaries are small. Accordmgly, areas further upstream than around EL. 450 m are

not suitable for development projecls.

The Ardanm; project was examined in the masler plan between the wcmsty of FL 450 m at the

“ confluence of the Ardanuq: river and a tributary and the end of the backwater of Denner

: reservorr. and it was abandoned as being unfeasible.

 The Denner pro;ect is'a scheme the mp!ementahon of which has already been decnded and

because of this there is no room for lmprovement of the Ardanuc pro;ect Therefore_ the

conclusmn in the Master plan repoitis reasonabie

:(¢) Kargat Projéct

“The Kargal river _Wiih a catchment are_é of 126 km? is the fourth targest lributéry of the 'Berta

river basin which joins the Berta at the right bank 12 km downstream of the confluence of the
Meydanc:k fiver and the Savsat river and makes up 36% of the catchment area between the
Bayram pro;ecl and the Baghk pro;ect o

!n the master plan report the Kargal pro;ecl was contemp!ated between rwer-bed elevation

890 v in the vicinity of Coge village and the conﬂuence with the Berta river, bu! the BConomics

could nol be assured, and the pro;ecl was abandoned as unfeasmre

In the master bian reporl, the runoff in the catchment between the Bayrann projecl site ajnd the
Bagitk project site average 3.4 m’fs, while the discharge water level of the Kargal project is put
al the reservoir high water level of 570 m of the Baglik project. According to the resuits of the



- present study, this runoff has increased to 5.7 m¥s, and it may be considered that about 78%

‘of this runoft is discharge from the Kargal river. The high water leve! of the Baghk project wil
be 530 m, and the ratio of the head to the headrace length will be 1:14.

" Because of this, there is room for the economics of the Kargal project to be greatly improved
compared with the result given in the master plan report and there is a possibility that the
project will be feasible. '

At the confluence with the Cermik river 4.5 km upstream from the intake site of the Kargal |

project, there is little reduction of catchment area while the river gradient is about 1:10, and it is

possible thal a run-of-river scheme in this stretch will also be viable.

Upslream of the cohﬂuenoe with the Cermik river, the Kargal river is divided into numerous -

* tributaries, runoffs are sharply :rejducéd_, and it is not suitable for a power development project.

Cbr’n_cerning_ the power development scheime for 'the‘KarcaI river, if it were to be feasible, the

. project area would not overlap with the Bayram and Baglik projects which are schemes on the

“Berta nver mainstream, and will not dsrectly affect the schemes for !he mamstream and it wall :

be reasonable to consider it as a future object of study

(d}y - Other Tributaries -

Besides lhe tnbutanes descnbed in (a) to (c) above, ihere are 4 number of other trtbulanes.

such as lhe Sungu river and the Cag!ayan river, but these tributaries aEI have small runoffs
while there are no sites where high heads can be oblamed with short watenways, and so they

are not suitable for power development projects. -

(e): Bayram Project, Baglik Project

: The Beda river mainstream beg:ns from the conﬂuenoe of the Meydanc;k fiver and the $avsal .

nver al nver—bed e1eval10n EL 665 m and joins the Coruh river mainstream 35 ki downslream
- at river-bed elevation EL 212 m, but the downstream part of the Berta river is a part of the
© reservoir of the Dersner pro;ecl situated on the Coruh river mainstream which is already at the
slage of lmp!ememat:on



The high water tevel of Derinér reservoir will be EL. 392 m and the end of the hatkwater on |
the Berta river will be 17 km upstrean from the confluence with the Goruh river mainstream. .

The Berla river between the confiuence of the Meydancik river and the Savsat river and the
end of the Deriner river backwater, although weaving a little locally, runs down more or less in
a straight line from a broad point of \._fiew, while the river gradient is roughly uniform at about

1.66 throughout the entire strelch.

© According to the master plan report, a dam site for a reservoir would be selected at a point of |

river-bed elevalion 635 m, 2.5 km downstream of the confluence between the Meydancik river
and the Savsgat river, and it is proposed for a two-step development oons:stlng of a Bayram
project and a Baglik project for development of the entire head between this pomt and the end

| of the Deriner reservoir backwater at EL. 392 m.

That .the darh site ot the Bayrérh prOject has been setected downstream'of the c'onﬂuence of

| '_ the Meydancnk river and the Savsat river, the two largest trnbulanes of the Berla nver is

reasonable from the viewpoints of securing storage oapamty and effective regulation of 1nﬂow

Also, that the reservoir high water level of the Deriner project was made the tail water level of

~ the Bagltk pro;ect is reasonable from the point of view of ehmmatmg idle head

That development of the Berta river mamstream was made az- step devetopment scheme

| cons&stmg of the Bayram pro;ect and the Bagnk pro;ect is reasonabte from the fact that the
: Betta river between the dam site of the Bayram project and the powerhouse site of the Baghk

project is more or less a slraight-line flow with a number of tributaries comting in from the right

and left sides so that a route for a headrace would be discontinuous on both right- and left-

' bank sides and, therefore, is reasonabte However, that the downstream Baghk project is

ptanned to have a reservoir made with a dam 125 m in height would result in a reservoir ot

srmall storage capacnty compared with the scate of the dam while dnttenng trom the reservonr in

" the Bayram pro;ect which woutd be eﬁecttve for both the Bayram and Baglk projects, the

reservoir of the Bagl k pro;ect would be eﬁectwe for only the Ba@hk protect so that there is

. room for reconsideration of the scale of Baglk dam from l_he standpoints of storage efficiency

and investment efficiency.



) Kalediizu Project

On the Berta river mainstream, as an alternative to the 2-step development scheme with the
Bayram project and the Baglik project, there is the Kalediizi project contemplated for
development in a single step of the head obtained by a dam of 150 m height at a site of river-
" bed elevation 585 m, 3 km downstream from the Bayram dam site, down to the end of the
‘Deriner reservoir backwater. ~ However, since the economics is poorer than the 2-step
“development with the Bayram éhd Baghk projects, while due to Kalediizii reservoir, lh.ere is a
SIope failure area in the vicinity of Savail village located at the left bank of the Beﬁa river 2 km
- upstream from Kalediizil dam and 1 km downstream from the Bayram dam sile, it is not
proposed as an object of this survey. According to the plan, there is only one suitable place
from a topographica! point of view where a work adit or verticat shaft can be provided for the
headrace tunnel whsch will exceed 14 km in lenglh and this will be a problem in construction of
Ethe lunnel

_ _Conséquently; the cdncrus_ion in the master p!anf report may be considered to be reasonable.

(@) * Object Projects of Study

in view of (a) 1o (e) above, it was decidéd that the’ proj'e'cls't(:) be considered in tﬁis study

should be the Bayram prOJecl and the Baglak project The conclusron in the master plan report
- is reasonable. :

()  Reexamination of Development fayout

{a) Formulation of Alternative Layout

The Bayram project and the Bagiik project proposed in the master plan report consist of so-
" called headrace- Aype !ayouls in which water is drawn by an intake provided 1mmedzately
“upstream of the dam wnh lhe water conducted to a surge tank by a pressure tunneHype
-headrace, and further {o a surface -type powerhouse by a surface-type penstock for power

generatlon to be carried oul.

The dam of the Baghk proje‘c{ is planned to be 125 m in height, roughly the same scale as the
dam in the Bayram project, so that the localion of the powerhouse of the Bayram project is at
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riverbed elevation of 570 m near the end of the Bagdlik reservoir backwater, and if the height of
Badlk dam were 10 be lowered, the location of the Bayram project powerhouse would be
moved downstream with lowering of the high water level of Baglik reservoir,  The headrace
tunnet in this case would become fong as it will need to detour around gullies running into the

Berta river.

Furthermore,” at the powerhouse site proposed in the masler plan report, it is conszdered
. unavoidable for both the penstock and the powerhouse to be made underground types from
- the standpoint of the topography. - '

Because of such a situation, in contrast to the headrace-type layout proposed in the master

" plan report, a so-called tailrace-type layout in which an underground powerhouse is provided

immediately downstream of the dam "w.ith a tailrace of non-pressure tyoe arranged in a straight

line between this powerhouse site and the outlet site Waé_set up as an alternative layout.

In this case, the hlgh water level of Bayram reservonr would be made EL. ?40 m, and that of |

Baghk reservoir EL. 530 m.

In comp'a'rison with the 2-step development scheme prooosed in'lhe master plan report, a

single- slep deveiopmenl scheme conmstmg of the Kaledizi project and a single-step

development scheme with Bayram ‘dam absorbing the Baghk project into the Bayram prOJect

o were also set up as alternative layout. The outline of the a!ternatwes_ are shown in the Figure

9:3,9-4 and Table 8-3. -
by Results.of comparison Studies of Alternative Layouts

The comp'arison' studies of the alteroative layouls were made with the peak opérating times of

" the power-statlons to be 6 hours and using lhe benef t-cost method. The unit pnce of benefit

and the umt construcl:on pnoes of the altematwe iayouts are as descnbed in9.2.1.

? The results of comparison stud:es of the various a!tomatwe Iayouts are as glven in Table 9- 4

and 9-5.



For the 2-step development scheme of the Bayram project and the Baghk project of tailrace-
type layout, power station output, annual energy production, anniuat surplus benefit, benefit
ratio, cost ratio, all will be maximum with unit energy cost minimum.

~ Accordingly, it was decided that the study of the devélopment plan should be of a 2-step

development scheme consisting of the Bayram project, the Baglik projec, and a tailrace-type

jayout.
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Table 9-3 Outline of Alternative Layout

9-13

Bayram Headrace, Tailrace and One Stage, Kateduzu Headrace and Taifrace Tyes Layout - .
Damsite Bayram | Baghk Bayram | Bagik | Bayram | Kaleduzu| Kaleduzu
Reservolr Layout | Headrace { Headrace] Tairace | Tailrace [One $tage|Headrace | Tailrace
Calchment Area KMA2 1,159 1,509 1,155 1,509 1,159 1214 1.214
Annvsal Infiow MBS 1920] 2490 192 24.90 1920 20.10 2010
High Water Level M 74000] 53000 74000] 53000| 74000 72000) - 72000
Normal Waterievel | M . 72200 523s50] . J2200| s28s0| 72200| 70333] 70333
LowWalerLevel - | M - 63500 5200l 63500 S27.00| 686.00| 67000 @ 67000
Available Drawdown | M £4.00 3 54,00 S 30| 5400 5000 50.00
Gross Capacity W0EMA3 | 13300 ‘730 13300 739) 13300 186.80] ' 185.80
Effective Capacity  |10%6MA3 | 113.00 100l 11300 1.00]° 11300] 14000] 14000
Cam ’
Type Rockfill  JCon-Gra. |Rockfil [ConGra. Roekfli | [RockAill - [Rockhl
Height from Found. M - 145 4 ;. 145 4 145 140 - 140
Crest Length M. 415 190 CANS 150} 415 450 . 450
Volume o 10A3MAS 6,144 1951 : 6,144 185 ‘6,144 8,930 8,990
Headrace Tunnel . i '
Type Pressure  [Pressure " lPressure
Diamelers M 43 T 47 45

- | Length M 8,100 4,300 14,150

. JPenslock ; o oo
Type = | Tunnet Tunnei | Tunnel: | Tunnet Tunnel Tunnel Tunnel
Diameters M 33 3e 33 38 33 35 a5
Length M 450 160 321 213 437 540 443
Powerhouse . :
Type ) Surface  [Undergr. |Undesgr. [Undergr. Mndergr.  [Undergr.  JUndergr.
Tailrace Tunnel . : - . :
Type Hosesho. [Hoseshd. |Hoseshe. [Hosesho. Hosesho. [Hosesho. [Hosésho.
Diameters M 46 49| - 48] 49| 48] 48| - 48
Length {Tunrnel) M X 500G 150 7.930]  4.454] 1553 150| 11,250

© (Channel) M - o o : . .
Firm Discharge MAYS A070] - 13.00] 10.70 13.00 10.70 12.00 12.00
Maximium Gischaerge | MA3/5 i 74300 52 00 4300/ . 5200 43.00 '48.00 48,00
Tail Water Level N 53000 392 00 530.00 39200| =39z00| 39200 392.00
[Gress Head o . . L . : .

- MMakimum Head M D 210.00]  13800] 21000] "13300| 34800 ° 32300f 32800
Normal Head M 192001 - 13650 192001 13650 33000| © 31133 31133
Mirimum Head M 156.00 13500]  156.00] 13500| 22400] ¢ 27800) 27800

 fLoss of Head M 17.10 8.40 9.10] = 580 15.10 25,00 1190
€ fective Head : S ‘ B : ’

Maximum M- 19290 12360] 20090] 13240 3z290]  3o200|- 3 d0
Normat . L ' 474.80f - 12810] 18290 13080 31480) 28533 29943
Minimum M 13890) -~ 12660f 14690| 129.40| 27890 @S200| 26510

. linstailed Capacity My b 65| s7|. - 68 59 1“7 118 124

CFem Peak Power | MW "s61) . 55t 589 554 104.4 1080 1124
Annual Energy K . ‘ .

Average ‘ GWh 2401 24| 2479 2214 A4 41238 4281
Firm - GwWh 1368 1236 1414 1242 2435 2519 2622
Secondary GWh 1033 958 1055 97.2 1776 1609 16560




Table 9-4 Cost Estimate of Alternative Layout

Bayram Headrace, Talirace and One Stage, Keleduzu Headracs end Talirace Type Layout  Uall:1023U5$
Deseription  Dam Site Bayram | Baglk Bayram | Baghk Bayrarn | Kaleduzu | Kaleduru
Layout Typs Heagrace | Headrace | Tailracs | Tallrace JOno Stage | Meadrace | Tailrace

High Water Eevel (m) 740 530 740 530 740 70 720
Reservolr Area (km*2} 233 0.37 333 0.37 38 418 418
Dam Volume [10°6m*3) 6,144 195 6,144 185 6,144 8,89G 8,900
Dam Height (m) 145 74 145 T4 145 140 140
- | Maximum Head {m) _ 210 138 210 138 348 323 328
Maximum Discharge (m*a%}) 43 . &2 43 2 43 48 43
Relocation Read 11,655 5,759 11,855 6,759 11,655 14,414 14,414
Comp Facilties 800 800 800 -0 ] 1,600 800 1,600
Land Acguisition 2,242 595 2.242 598 2,242 2,173 2,173
Civil Work . 87,967 28,635 83,113 250841 106445 130,583] 121037
Diveision - 241 o] 2421 1] C2.421 2421 2,421
Caré of River . 1,082 o 1,082 0 1,082 1,082 $.082
Dam 47,284 0983 47,281 0983 ar281| 70220| 70220
Spitway © 7,623 C 780 7.523 780 7,523 7,080 7.080
Cullat Works © 4,018 ‘0 1,018 0 1,018 1,013 1,018
{ntaka 1,087 43 1,087 40 1,087 912 842
Headrace Tunnel 22275F 13330 4] 0 0] 41,460 0
Surge Tank o 0 +] 0 4] 0 o
Penslock 787 288 545 376 1,244 1672 1,201
Azcas Tunnels 1} 1] 3,880 2,478 10,105 ¢} 9,608
Power House 3049 3443 3,049 3413 5,249 40127 4,350
Tailraca Tunnet 944 300 14,955 8914 29,307 A6 22963
Saitchyard 500 00 161 -0 161 £0G 161
Pre-Sublotal - 102,664 35,731 97,810 34,141 1219421 148569| 139,823
Contingency (15%) 15,063 5473| 14,335 5031 - 17955] 21.859] 20558
Eng. 2nd Admi. {10%) 17923|.  a462] 10,890 3857 20648| 51450 23641
Sub Total 135,049 46,3831 123135 43,030] 160,545] 195508 - 184,022

10.C {9.5%Year) 26981] 11,586 24,601 10,748} ~ 32075 35,078 35,765 )
Tolal 162,031 $7.968] 147,737 53178 192620( - 214664 . 220787
Hydrautic Eguipment 8,368 12526 5,203 2,884 8416 10,215 8856
| Spittway : BSS 8716 855 BIO] .- 8BS - 856 856
Outlet Works 528 a 528 o 528 528 523
intzke Gate 753 el - res 70 763 789 789
Penistock 3,459 - 5074 . 2400 1,400 5321 6,909 5674
Oraht Gate 122 121 L1122 121 122 136 13
Tailrace Gate 61 6t .8 81| ¢ 6t €8 &8
Pre-Sublotal 5789 2206|4730 . 26E2| - 1654 9266 @ 8OS1
| Contingency {10%} o 579 © 2305 - . A13 262 s . e 805
Electro-Mechanical €guipment 15,137 - 18,938 15,7801 19,216 25,223| 28219] @ 34,507
Equipmient _ : . 18418| t803s|° 15,028|  18230t]| 24.022] 26878 32863
Contingency (5%) 721 902 519 915| : 1201 1,344 1,643
£ng and Admi. {10%) 215v] 214s] - 2098| z210] - 33s4] | 3m43| 433
SubTotel 23656] 23810]  23082] 24310 3003 4227 47699
10.C {3.5%vear) 1272 1,337 241 1377]  oses] L 2273 2565
Total ) 24508 24047 24323 25687 32933 44 550 50,264
Grand Tolal 185558} ~ 82.916) 172060 794641 231 61Y] 270214 271051



Table 9-5 Comparison Study on Alternative Layout

Yolirsos Typs Undacgrourd Pow o hincas Luyout Bayr aot KWL » T88m LW L =285m-T30m arad Bagin HW L 530 by Moxad Atarmathoy Thenmal Pow e Pant
‘_)ﬁm %m &in Bayiam é@‘k Toldl Beyan] Bagrk | 1oal | Bagam Toid Kaedzu] Folal Kaedhy ToAad
Hesdace | 330G Tadace | Yalae One Stage Heasiace Taliace

Figh Widar Level TRl hhte Fajoe] 0% T4 00 172

foorrad W ater Leved 71200] 528350 T2O0] SM% 722 00| 03 331 703 3333

Low Wated Leved £3600) 52700 68690 S27IC €85 06 €70 610

Ava?stig Drawdovn 400 Ix 5400 3o 4400 = 50

Grosa Stavage Cagacity $3300 13X 12300 TR 133 00 b1 1868

Effective Storage Capacly 11306 19 1390 1oe 11208 140 140

Dun Type Fockil  KonGa Focift  ConGra oy Fockfill okt

Crm Highl 145 - ! 145 T ~145] 144 14¢

Dam Vohume | AL I : 6.144 495, LALT] 8,500 8.99

Tawatei Lavel 5300] | W0G A0CE w200 207 O 62 0 0

EMecti-e Vead 17450 12818 18290) . 1% 3 & 2853} X343

Wadetum Dsharga 4300 8200 . 4300 200 . 43100 48 00 4200

etoTed Capacity 6500 5700| 12200 6800 530C] 2r00g 11700 11700] VA0 1300f 1240 24030
Fim Pea% Power T i 56 14| 11224 A S0  13A4D] 10440 D440 W0A N0 WE00] 132 4G 1240
Enetgy Production , . B . : . s
Rverdge Erefgy 24040] 20038 45043f 24750] ZM4C  45033] 4N 10 a110]  4nls 411791 42811 S AR
Fum Energy wa7e] e} moti] 1] 2e92] mse0] M0 3] MW 25190] - 26218 . 28218
Secondary Energy 103 3% E6I6E 20008 10650 9726 2007 VISC 17T80] €09 1BOp] 16508 T 18555
Undt Benel Yelve oo 000 : 006 aoc - 000 ooo ! -3 H
Fam Peal Powet 180 45| | 12045 10345] 18045 1230 45 180 45 +80 45
Fatn Ereqy oo oo CR07) L od2? ohzl o2 Qo7
Secondary Eregy o022 o022 o022 om? 02 oo Qo022

Bera®t E :
Fim Peak Powet 866 68 19R 9% (3] 19455 8] e 3B 5% t859f 13 M WM
Eiem Energy 363 3 451 375, EE 705 645 s48 469 5£9 695 3
Sapondary Energy 1 208 I3 129, 1) 4] 38 | s 345 EX] EL
Total ' 15 1350 0 16 05 1509 kIR r] FL ¥+ 025 FLAL] FLE | 247 o]}
tvtstaant Cost ) : : . o .
Crdl Facilic : 162 03 S7.97 N 1N R7a) WHN $52 62 15282 M6 IMEZ] 22079 XA
Hyday asxd Be Mech Eq 2493 U 43 87 R 269 5301 kol 38 4455 55 5026 5023
Total i 185 56 8292 wan) 20s P.45] 251521 134 IHEY] 9 219 1] 108 o
Al Coat : : : A :
O Faoitics 637 58S, na an 543 0N 1945 15 45 e i nx 2231
Hyda1 and Ele. Wech Eq L 184 $53 2 283 5710 L 445 $08 5048 573 53
Total Lol i 870 b7} tTE3 23 »o 23180 2390 878 w1 2803 803
Axrin Suplus Benefi[B-C) 370 £330 1E3, 167 L] Saf LA 433 L4 Lo04 14 184
Banef Cost Ratio@C) - o 81 1m| . 13 L] {81 149 AL 148 100 10d] 107 197
W Anryal Gosl (Fim) - &40 8070 [} 1) 0127% Q067 0068 [ s a0ss O1td o1 00 .
U Annuni Cost (Bverage] aoeo]  oowl ooer| - cons] wome| ooss| o oos aost] aere oolgf - oS 4063 ]
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9.2  Comparison Study c;f Alten’la.tiﬁe Development Plan

9.2.1 Method of Comparative Study

{1) Basic Conditign

The method used for a comparahve study of the alternatwe development plén for optimization

of the Goruh- Bena project is the benefit cost method (BC Meihod) cons1denng an alternatwe
thermat power plant that would be bu:lt withoul the Coruh Beﬂa prOJecl and taking the cost of

" the thermal power plant as lhe benem of the pro;ect

In order to select the optimum de\}elopment plan an combination 6f impbrted coal-fired thermal

~ power plant and natural gas combined cycle power plant which is supposed to be the future

one of the maln thermal power plants is used as the alternalwe facmty to be mslalled in some

sea coasl reg[on with an installed capacity of 300 MW.

Alternative development pians of the Coruh Berta project 'co'ncerning dam site, waterway
route location of powerhouse and sca!e of reservosr are formulated and the optimum

deve!opment pran is sefected by companson of these altematwes

* The annual surplus benefit (B-C) obtained from equalized annua) costs (C) for the project life

(50 years) of the hydropower faéility and the equalized annual cost (B) of .the al'temative
therma1 facility having an ability equwalent tothe hydropower facility is used in the sludy as the
mdu:es Prices in 1996 without import taxes are used in the comparisons.

The cost of the transmission line between the Powerhouse of the Coruh-Berta projéct and the
Ioad.cente'r which should be born by the Coruh_-Bena project and the cost of transmission line

between the alternative thermai power plant and load center are omitted.

‘Parameters of the alternative therma powef plant dre s shown in Table 9-6. .



(2} Equalized Annual Cost
The equalized annual cost of a hydropower facility consists of deprecialion and operation-
maintenance cost. This is estimated by multiplying the annuat cost factor by the investment

©gost.

Equalized Annual Cost = Annual Cost Factor x Investment Cost

= Depre:ciation + Interest + Operation_ahd_ Maintenance Cost -

Depreciatioh + Ihlé_rest = Investment Cost x Capital Recovery Factor

i(1+1)"

" Capital Recovery Facior = —_
‘ S -1
-~ n: Service Life |
CiitFaclity .~ 50years

~ #lydro-mechanical Facility 35 years
~ Eleciro-mechanical Facility * 35 years

i Discount Rale S 9.5%
Civit Facility | o 98%
‘Hydro-mechanical Facllity ~ 9.9%
Electro-mechanical Facility T 9.9%

+ Operation and Maintenance Cost {Rate to Direct Cost)

© Civil Facility _ _0.5%_ '

Hydro-mechanical Facility © ©  1.5%
Electro-mechanical Facility 1.5%



Accordingly annual cost ratios of facilities are as follows:.

~ Civil Facility | 10.1%
Hydro-mechanical Facility o 11.4%
i'EIeclro-méchanical Facity = = 11.4% .
(3) - Benefit [

5 fThe benefits of the Berta p_rojeét afe_ summarized according to the prdject cost, maintenance

‘and operation costs, and the fuel cost of an altemative thermal-power plant as shown in Table

9-6, ' The effeclive power ouipul and effective energy that are used in calculating the

‘advantages of the project, are given according to the below condatlons

- {a) '_ | The_'effective power output at thé receiving end is expressed by the beldw equation..

.T'his'equation reduces the station service rate by 0.3%, the forced oulage rate by
0.3%, the 'schedute'd outage rate by 2.0%, and the transmission loss rale by 2.1% from

_ the firm peak output. The firm peak output is defined as the 95% probab!e outpu! for
i _the 53 year penod o

' :Effec'live power output = (1 -0.003) x {1 - 0.003) x (1 0 02) X (1 -0 021) X
: ' Firm peak output

()  The effective energy at the receiving end is expressed by the below equation that
reduces the station service rate by 0.3% and transmission loss rate by 1.4% from the

average energy for the 53 year period.

- Effective Energy = (1 - 0.003) x (1 - 0.004) x Average annual energy



Table 9-6 Alternative Thermal Power Plant for Comparison Study

Gas Combined Cycle

riscmy

ltem Coal Thermal
" (Type Unit
inslatled Capacity Mw 300°1=300* 05 150*2=300 * 0.5
Annual Piant Factor % 700 700
Thermal Efficlency % - 383 400
[Annual Energy Produclion GWh "1,8396 07 = 1,287.7] 18396'03 = 551.9
invastmenl Cost - 10°6USE 420 *05= 21000 188 '05 = 99.00
Servica Life Year 25 15
Construction Period Year 4 K]
IC apital Recovery Factor . 0.10596 0.127744
KCoal Caloiific Value kealkg 6,500
KCoal Surfacs Moisture % : -7 7
0il Calorific Value . kealkg - 10,500
Fual Consumpbon Rate(CoaI 95%)) kg/kWh - 0.353
Fuel Consumption Rate {Qil 5%)  kgkwh 0.011
Fuel Consumption Rate (Gas 100%%) kecalkWh n2200 - 2,200
O & M Cost Administration Cost % 3 3
Unit Fuel Cost (Coal) USSkg 0.055
Unit Fuel Cost (Oil) - USSKkg 0,013 .
Unit Fug] Cost (Gas) US$/1 0 6keal 0.001646 :
Annual Cost _ Fixed Cost Variable Cost Flxed Cost Varfabla Cost
Capital Recovery 10°6US$ 2225 -0.00 1265 :
O & M CoslAdministration Cost ~ 10°6USS - 567 0.63 267 '0.30
Fuel Cost ' . 1078US$ 0.00 25.19 _ 19,99
Tolal . 10"8Uss 27.92 2582 15.32 20.29
- JAnnual Cost At Reav:ng End o N
"~ | kW Cost i) : US$RW 180.45
Firm KWh Cost 3) P USSAWR . 00270 -
Secondary KWh Cost 4) . USSKWh 0.0217
1} ({27.92* 10°6/300,000)*1.252)+((15.32* 10°6/3000,000) 1.252} = 180.45 US$
2) ((25.8211,287.7) 1.084°0.74{25. 8211, 839 5)*1.084*0.3)= 0.0270 US$
- B} (25.821,287.7)*1.085= - 10.0217 US$
4} Afustment Factor for KW & kWh ‘Thermal Power Piant Hydro Power Plant
o tem . KW kWh : kW - Kwh
Transmission Loss Rata (%) “30 25 210 14
Station Service Rate (%) 70 ro 03 03
Fosced Outage Rale (%) 4.0 - 03 -
Scheduled Qutage Rate (%) 120 - 2, 0 -

kW Adjustment Fac!or (1-0. 021)'(1 0 003)‘(1—0 003)'{1-0. 02) 1{1-0.003)*{1-0. 0?) (1-0 04}'(1-0 12) = 1 252
- kWh Adjustrnent Faclor = {1-0. 014) (1-0.003} / {1-0.025)*(1-0.07) = 1.084

-



9.2.2 Alternative Plan

As described in 9.2.1(2) regarding the Bayram and Badlik projects, alternative plans for the
projects consisting of lailrace-lype layouts in which underground powerhouses are provided

- immediately below the respective dams with discharge made by non-pressure tunnels in the

" vicinities of the ends of downstream reservoir backwalers were formitated.
{1)  Dam Sites

{a)  Bayram Dam

The location of Bayrani dam must be selected between the Meydancik river-Savsat river

confluence and the Savail slope site 3.5 km downstream of the confluence due to conditions

-~ required of a reservoir. From thé_sténdpoint of topography, there are no sites other than th'e
© dam axis selected in the master plan of 2.5 km from the confluence, while it has been’

~ confirmed in this study that geologically, there is no decisive defect with this dam axis.

Consequently, it was decided not lo sefect an alternative dam axis other than the othér

 selected in the master plan. © -
‘(o) Baglk Dam

- In the master plan, t_hé_a dam® axis is selected at a narrows 300 m downstream from the

“confluence with the Sungu river, one of the important tributaries of the Berta river.

Downstream of this site there is no inflow of an important tributary, while the river—bed gradient
is more or less constant at about 1/66 down to the end of the Deriner resef_vofr backwaler,
while moreover, the.valle'y width is broader compared with the narrows and moving the dam -
site further doWnstream ‘than the narrowé wi'll be of no ‘merit. Funheimore - because of

'Etheeﬁeclwe storage capacﬁy‘ if the dam site were to be moved downstream it w:II be
" unavoidable for idie head to’ result in the mﬂow from lhe Karga! river which makes up the ma;or

- pant of inflow from the remammg catchment between Bayram dam and Baglk dam.

On the other hand, if the dam site were 1o be moved u'ps{lream of the confluence with the
Sungu river, not only will the inflow be reduced, but also the storage capacity will be greatly.
lowered. '



" Because of this, unless the narrows downstream of the Sungu river possesses a decisive

defect geologically for a dam site, it will be unnecessary lo select an alternative dam sile.

The dam axis selected in the master plan is'lhe point of Smaﬂesl valley width in this narrows,
and as mentioned in 7.2, it is not necessarily a favorable dam axis geologically, so that in the
~present study, a dam axis was newly selected at a point 200 m upstream of this dam axis.

" Since these two dam axes, new and old, can be considered to be the same site from the _

standpoint of studyihgﬁ the project, the upstream new dam axis was'co_nsidered as the Baghk
 dam site, and no other allernative was set up for the dam. '

- A comparison study of the new and old dam axes and the results are as described in 11.2.
(2) . Tail Water Level

{a)  Bayram Project

‘The lé'il water level of the Bayram project will depend on the reservoir h'ig'h waler level of the

downstream Bagik project so that the tail water level and the alternative tailrace tunnel route

proposal will be in combination w:th tne alternative storage capacny proposal for the Baghkr ‘

project.
{b)' - Baghk Project

~ The tail water leve! of the Bagiik project, according to the master 'plan, will be the reservoir
. high water level of the Deriner project, which is_aiready at the stage of devéTopmenl. since itis
to make use of the entire head between it and the De_riner prbject. '

The Berla river between the Bayram dam site and the end of the Deriner reservoir backwater
fiows down in-a rough[y stra:ght !nne with lhe ﬂver gradlent more or less a constant 1/66
: Accordlngly, thers is no necessity con31der an altematwe ptan whlch sets the fail water leve! at
'_ h:gher than the high water level of the Deriner pro;ect

It will be possible for the tailrace tunnel of the Baghk project to be made a non-bressdre tunnel
“aven if the tail water level of the Baglik project were to be about 10 m lower to take advantage
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of the head produced by the fall in the water level of Deriner reservoir, but it is scheduled for

‘Deriner reservoir o already have been completed when the Baglhik project is to be construcled,

and in this case, it will be necessary for a cofferdam to be provided inside Deriner reservoir for
construction work on the cutlet part of the tailrace tunnel. Therefore, it was decided not to

~ consider an alternative plan to make the tail water level lower than the high water level of EL,

392 m of the Deriner project.
3 Effective Storage Capacity, High water Level'of reservoir'
(a) - Effeclive Storage Capacily

Acco'rding to the master plan, the Bayram project will have a da'rn: 120 m in height with _which a
reservoir of high water level 720 m and effective storage capacity of 57.6 x 20° m3 will be

| made, whﬂe the Bagllk project would have a dam 125 m in helght weth which reservmr of high
" ‘water Ievel 570 m and effective storage capacity of 30 34 x10°m® wm be provided. '

The regu1ahng effect of the reservosr m the Bayram prOJect will be effectwe for the Baghk :

project also. The regulating effect of lhe reservoir of the Baghk pro;ect will be effective only for
the Baglik pro;ect itself, but the tail water fevel and the tailrace tunnel route of the Bayram

- project will be decided by the scale of Baghk reservoir.

Consequently, the alternative proposal concer_ning_ storége capacity was made a c@ﬁ\biha!ion

of the_'_ respective 's_torag'e‘capacitiesfof the Bayram project and the Bagik ‘proje(:;t;

" For the Bayram p’ro}éc,t, effective storage capacities of 11 cases at 5 m intervals in a range

from high water level 750 m and effective storage capacity 149 x 10° m? to high water level

700 m and effective storage capacity 18 x 10% m® were set up.

For the Baghk pro;ect in adduluon to the two cases of hsgh water level 5?0 m, eﬂectwe storage
capacny 30 x 10° m® and high water level 550 m, effeclive storage capacnty 11 X 10° m’, a

. case of hlgh water level 530 m and effectwe storage capacity 1 x 106 m® consustnng of daily

regulating capacity for the general_mg d:scharge of the Bayram pro;ecl and the residuat rpnoﬁ
between Bayram dam and Baglik dam was considered for a total of three cases.



Consequently, the allernative plans for storage capacities in the Bayram project and Baglik
project were the 33 combinations of cases given in below.

Bagdlk Project Bayram Project
Low Water Level =527 m | ~ Low Water Lvel = 686 m
High Water Level | High Water Level
| {m)
- _570' | 750-700  5m: pitch tolal 11 cases
550 | '750-700  5m  pitch total 11 cases
" 530' | I_ - 750 - 700 5m - pitch tolal 11 cases

' These allernatives, as shown below, were based on minimum water level taking into

con&deratuon sednment volume and statlc drafl head of mtake Slnce Ba@llk prolect is planned
together wnlh Bayram project and not be constructed before Bayram project, therefor

' catchment area between Bayram pro;ect and Badhk pro;ect IS taken into' account for
- calculation cf sedlmenl volume of Baghk prOJec! '

Bayram Project . - Baglik Project

Annual Sediment Volume - 10°m® 0236 . 0071
Project Lift Year 50 . 50
Design Sediment Volume ~ 10°m®  11.76 388
Design Sediment Elevation ~ m 67600 . '517.00 -
Intake Draft Head m 10.00 - 10.00

Minimum Low Water Level. m 686.00 ; - .527.00 -

Outline of aiternative plans for stdrage capacilies in the Bayram proj’ect an‘d_‘Baghk project are
shown in Tabte ¢-7. S L o

() ©  Reservoir Low Water Level
The allernative plans for the comparison studies regarding combinations of storage capacily of

the Bayram and Baflik projects were formulated with the minimum low water levels

" determined from low water levels and sedimentation volumes as the low water levels, following



which alternative plans with low water levels set above these minimum low water levels were

formutated for making the comparison studies.

For the Bayram project, alternative plans were set up for the storage capacity which was .
determined as optimijm in the éomparison studies of allernative reservoir plans describgd in

{a) and storage capacities arotuhd that storage capacity.

Here, as a result of comparative study of effective storage volume as mentioned in (a) an
" alternative with storage volume of Baglik Project being minimum (daily reguIahon) i.e. an
alternative with minimum dam became optimum. Therefore, various cases of Bayram project .
were compared setting a case with HWL 530 m for Bagdhk Project as tentaliveiy oplimum as

given in below.

Bayram Project | ' Bayra m Projecl

High Water Level - (with Bagtik project High Waler Lvel = 530m
— (m) | o Low Water Level = 527 m) :
750 686 706745 Smplch  total 10 cases
745 | 686 700740 Smpitch total 10 cases
740 686 700735 Smpich tolal 9 cases
735 | 686 700730  Smypilch total 8cases
730 | 68 700725 Smoeitch total 7 cases

Oplimum highfw‘atei‘ level and low water lavel of the Baglik Pioject is to be determined after
determination of optimum high water level and low water level of Bayram project as described
n9.2.3(2). : '

Table ©-8 shows outline of alternative plan concerning low water tevel of reservoir.



.. Sxm
|
Deriner Reservoir

HW.L. = 392

Baglik Underground P S,

" Bajlik Dam

R

Outline of Alternative Development Plan-

Bavram Dam

o HWL=TS0 N\

Bayrem Underground PS5,

Figure 9-8

o WOy .
T LR O e ot LAY e
o S OSSR IO
= 7.0 “;: "ﬂ\} . (\“\_‘ -
A o
o ! N tl'}’:‘-h\ }1{*"\ 7
Y AN W (T
‘!.‘_S,r e FCn Ty r y 3 R

o3
TR R

A
e



Table 8-7(1) Outline of Alternative Plan for Reservoir Capaci_ty

g-3

Bayremn Peolect Tallrace Typs Uncercro, PiS Layout H WL =7 50m-700m With Baglin HW L. =5P0m .
- . Joarsts [Rayram] Bayram ) Bayrem | Bapan | Baynam | Bayram ] Bayram | 8aram| Bayiam ] Baytam | Bayram
[Rasarvolr ’gxm ISP T4SMP | T4 P [ 735 P | ZIAP 1 72SM P 720 P VS P | THM Pl TOSA P | 700 P
Catchenant Arsa Khit2 155 58] 1358 1.45a] (1459 aase] 1459 nase] nass) 41387 1159
Aanual o s b 1920 19| 1e20] fe920] 1920 1920] 1920] 1920] 19.20) 1920] 1920
High Weler Lavat ] 75000 74503 T4000) 7a500] 73000| 72500 F2000f 7i500] 1000( F0S 00| FOOOY)-
Normal Water M. 728.67] 725.33| 72200 7ise7]| 71533] 7e200| 7OsEP) 10533 702007 698 67| 63533
Low Waler Levsl 1] BAS00l 605 00| B2s 00| 635 00| 53500 685 00| 628 00| £8500| 63500 546 00| 68500
Acalalie Dradiown | W €400 4900] S400| 4900] a400| 00| MO0 2000] 2400] 1200 14%0
Grosa Capaciy 106M*3] 163000 15000 13300| 118600) 10200] 830G| T60G] 6500 5500] 4500| 6300
Efecthvs Capacity  164MP3] 149000 13000 19300] 9600] B200| €800  S600] 430D| 3500] 2600] 14300
02 . - :
Type Rachfifi | Rockhlt] Rockfil] Rachdl | Rochdii] Rockfit | Rockfin} Rockfill| Rocifil] Reckfit] Rockfil
Halght bom Found. ] 155 150 145 140 135 Rk 123 1200 115 14§0) 105
Crast Lergth L] 452 442 415) . 395 379 363 359 337 k) m Faird
Vohume 1003003 | 8500] 7200] &144) Saco| 480y 40| 39500 350G Q| 2700 2400
Head:ace Tunnal : ; : .
Tire
Dismeters - L Co
Length M [
Parstock B E T . . . . R : :
Typa Tunnat | Tonne! | Turnel | Tunrel { Tunnet | Tunne! | Turnet | Tuncol | Tunnet | Tennel | Tunnel
[¥amaters (L) -1 I P 1 33 32 34 14 2G| .. 28] - 27 28] 2%
Length M . 288] 257.89| 2s57.59] 267.99] 26799) 167.93] 2e7903| 16759 25799| 267.99] 26795
Powarhouse : i : . ’ B ' .
Typd . Uindecgr [Undergr fundorpr Undargr, [Underge JUnsezgr. [undergr |Undergr. jindarge |Undergr. JUndargr.
[Tailrace Tuanat : - ; . ’ : :
Ty Non-Pra (Non-Pua [Non-£ie [Non-Pre [Non-Pre. [Nom Pre [Non-Pre.(Non-Pry [Non-Pre
Diamalers 48 45 44]. 43 42 3] oA 39| . a8
Length (Tunneh dsso|l asso| asso| asso| 4asso] asso| 4ss0] asso] dsso
{Channed : : ’
Fiem Discharge 1070l 1030 §50 850 ¥ 770 120 B &G 6.10
Madrmurm Oischaergs CAA0CF 4000} 3300 3BOD| 3300] M00] 00y 2600|2400
V2t Water Level 700Gy S7000] S7000| S7000| S700C] SYOO0| S7C00) 57O 00| S7ODO
Giross Head ' . -
paximum Haad 70007 16580§ 15000 15500 150.00] 14500] §4000] 13500 13000
PNarma) Hesd 15200] 145€7] 14523 14200] 1338F] 13533] IR 00] 12867 12532
PAinimum Hesd $11800] 1:600§ 11800 16 00] 148300] 11600 112 00] 160¢] 11600
Ross of Head 630 &40 E .40 650 .60 660 870 6 82| 590
Efactive Haad .
Maximem 18370] 158.60] 15360] 148507 143.40] s3840] 933 30] 12820 12300
Naormat 145 70| 142 22] 933931 13550) 13207| 1873y 125230 w1 e7] 184
Minimum 105.7¢| 10960] 109605 100.50] 109.40] $09.401 $0930] 10920} 0930
Bnstafied Copacity 52 49 S 37 u F3) B 1 24
Furn Peak Powet 1“8 407 Itz ot} 02 216 i 2338 AR ]
Annus! Enacgy i . -
Avaisgs 199 % 1542] 1789 1709] 1584 1498] 1337 127.3 nrs
Fumnv 132 1023 a3s &7 2 745 705 B4 %52 58
Secowtary _es3| sso]  s48] my7]  yam} 7e3] ys3| 7]  ess
Egl_ik Project Tailracs Typs Underoi o £45 Layout H.W L_=510.00m With Bayram H.W.L.«750m-700m
foarcie | Baghk| Beg!k | Baghix] Gaplik | Bagik| Baghk [ Bogle| Baglik | Baglic] Baghk | Baglk
2 rarvoir tagodt | 75000 [ 7494 P | P00l | 23S E | PO0MP | 725MP | 220 P [ TISMP | 0P | 705 P [ TOOM P
Catchmant Aces Khr2 1506 1509] #508] vsoe 15090 1508 15091 9.509] 1508 1505 1509
Annsatlaflow Was 2490] 2490] 2490] 2490 490 2¢90| 2450 2490]° 2490| 2450 2490
High Waler Leved M 570.00] 57000 Ssrooe] s7ao0] sro00) S7000| 570 00) S7000] Sr000| S7000) 52000
Notiral YWaler Level k¥ 555.67] 55567| 55567] S55 67| 55567 S5567| SS5ETE S3567| 535 67| 55567 53567
Lew Water Lave! M 527.00] 527.00] 52760] s27.00] s27.00f s2700| 52r.00f sS200]| s22.c0| S27.00§ S2reo
Avalable Dravadown [ *] 4300 4300| 4300] 4300] 4300] 00| 00} 4300 00| 4300] MW
Gross Capacily 10%Me33 3640 2840] 3640] 3640] 3640] 36.40] 36.40] 3540 I64D| K40 B
Efective Capacity 16%6M43) 3010 3040] 1] 30.10] 010p W10| 309 08| XRa0] Mael MN1D
Cram
Typs . ConGra | Congra| Con-gra | Conigra] Con-gral Congral Con-gra] Con-gra] Congra] Congra] Congea
Helghl Fom Found, M 114 114 114 14 114 14 114 114 134 1e 1
Crast Langth M 244 44 284 pid 284 284 284 284 284 254 224
Voluma 10/ 3043, €50 630 B €80 €30, 660 -] 580 6880 €60 883
R ead-ace Tunnol
Type
Drameters M
Langth (1)
Facstock X
Tyt Tuewel { Tunnal | Tunae! | Tunnel | Tunnel | Tunnel | Tundel | Junne? | Tunael | Tuanel | Tunnel
Diarneters L4 4.0 as .3 a7 kL 35 34 33 33 T 32 kR |
Length [*] 21304 k] 243 233 213 213 213 3 13 212 213
[Fow arheyss
Typa Lindorge Madargt [Undergr. [Underge. lUndargr fundarge. [Undargr. Iedarge. [Undergr. fuadar gr, fundeqge
[Tailcace Tunnol .
Type Hoseshe Hosesho Hosashe [Hososho [Hosesho IHosasha [Hos ashs IHusashe [Has ashe [Hosesha Hotasha
Diameters (L] 521 52 .51 50 i 42 447 46 45 45 44
Length (Tunsa) M o456 4454| £a3a] aasa] aase] sasal aasa] aas| aase] aese]| dass
(Chanre% (1} P .
fF wm Dischasge M'¥S 1550 $500] 1430 1330] 1275] 1225 t150] 110c0] 050 1002 950
pA2dmum Dischaerge | M3S 6100 60| 5700 Se00] 5100] 4300] 4500] - 4400 4200] 4000 3800
[Tl Watar Laval ] 397 00| 39200] 392 00| 39200] ¥3200] 3200] 392.00] 9200 32200] 39200| 32200
Gress Hoad T ’ . .
Madrmum Head M 17800| 178.00] 178 00| 178.00] 17800 17800] 178.00] 17800} t7800] 178001 17800
[Rotra! Head M 163 67| 183 67] 15267 18387| 18367 3637 163.67] 16367 16367 16067] 16367
R inimo Read M 13500 13500) 135C0| 13500] ¥ISLO] 43500] 13500] 13SO00L 92500] 13500§ 13500
Loss of Haad M ss0[ ss0] 850 560 58 380 570 570 57 580 580
£ Mective Head : o : ' ’ )
Maximum M 172 50| 17250] 17250] 172.40] 12240] s72.40] 17230 v2c] 1r230] wv220) 17220
Normal M TEAAY| 15207 V587|158 0] 158 07) 5807 157.87] 5797 157.97] 57.87) 15787
Kinimum M 12950 12250] 12950] 129.00] 120.00] 129 40] 12930] 12930 29 X0] via W] 1IN
nstafled Capacity (L LY 82 78 Te|l 69 &7 83 60 87 %4 L¥)
friam Prak Powsr AN 725 08 - B &€rs 852 €28 &1 5 532 478 434
I nnval Enorgy . . . : . . .
Averaga Givh a7 0[ 2856] 01| 2res| 2763 26960 2638] SPAf ¥H1I]| 2434] 3333
Fimn Gvh NF00f vP2E) - 1637| 1562| 1479] WA 9R27] 1) 1205]° It4E] 1080
Secondary Givh, 109.0F _ 1434) 1134f 1233 128.4( 1788} 9334 1360F 1298] 1238 1253



Table 9-7(2) Outline of Alternative Plan for Reservolr Capacity

Bapram Project Talrsca Type Undergro. Pi§ Layoud HW.L =750m-700m with Baglhh HW.L. =550 00m
[Camste | Bayram | Beyram | Bapam ] Boyram | Sayram | Bayrara | Bayram § Bayram | Gayram | Baynam | Bayram
] La TS0A | T4SA | T40A | 735A | TXOA | 7I5A ) TZ0A ] 74SA | THOA | 7OSA ") FOCA
Colchment Arey [T 1455[ 5,58  0.455] 108s] 0455 1458] 14581 9.159] 1531 11587 1459
Anival Infiow MNS 1320F 1920 1920] 1920f {920 1320| 1920] 19201 19| 1920] 1920
High Water Lavel M 75000] 745.00] 74000| 735.00] 73004 ¥2504] #2006 T15Q5] 71A00] 70500 70000
Narral Waer Leval M 72087 75 00| 7a200) 118.67f 115.3)] 71200] 70867 70530 P0200) E5867) 6953
Low Witer Leve! LU} 6e8.00] sRaQc] 685 00f 62600] 685.00] 63600] 626.00] 536.00] £6300] 68600] E3300
Avatatle Dezardown M sa00] So0c] s4o0| 4900] 4400] 3900] 3400] 2900] 2400 13004 1400
Gross Copaclty screMty] 169 00] 15000] sx300] 11600) 10200] o800 T6OG| &500] 5500| 4800 23800
Efloctive Capacky o3| t4900] 1200] $1300] f600] S200] 6800] SG0D| 4500] IS0Q| 2600] 1800
D
Type Rochfil Rockhl [Rockfk Rechfil |Rockfill |Rockfil [Rockfift |Rockfill [Rockfil [Rockfitt RockfH
Haight Ao Faurd, M 155! 150 145 140] 135 130 125 120 15 1 105
Crast Langth ’ 1] 452 442 415 k=2 ¥g 383 51 7 N n 92
Volurre oranry| 8500 72000 6.144] 5400 4200) 4200] 29000] 3500 MMO) 2700 240
Pieadiace Tunnet ’ : :
Typs i
{hamates 111
Langth W
Penslack - ) :
Typa . - Tunnel [Tunaal | Tunne! | Tunndt | Tunnel [ Tunnel | Tunngl | Tunrel | Tusnel | Tenne? | Tunnat
Drampters W SSF X 33 - 31 3 10 29 23 27 26 s
Langth [t 234 294 bl 254 254 B4 204 284 34 P 3
Povethousy - .
l;l' Unetorge Mindargr. [indorgr fUnderge. [Underpr. [Underge. JUndargl, [Undargr, IWaderyr. Undeige Lindarge.
aliace Tunnel
Type ioseshe Hose sho [Hoseshe [Hose she Hosesha IHos esho [Hosesho JHosesho [Hosesha [Hos esho Hosesha
Dinmeters M 428 47 46 45 44 43 42 41 40 L) 3
Longth (Tunnel) M s700] er00] s700] s7oo| ejorf s700f 6700f 6700 8700 6700 &700
{Channaly M
fFum Discharge M*3S 1220] 1140 070] 1010 esof 80| &% ] 120 680] 8%
pradenum Deschorge | M35 4300 4500 00] 4000! 38001 26000 3200 31D0| 2200 2600 NG
[Tad Wator Lewot M 550 00 55000 $50.00] S5000| 550081 S5000] SF00Q] 55000 $50001 350.00] 55000
Gross Hiad -
e dmom Fead ! ] 200 00] 19500 190 00| sa500] 18000 175.00] $70.00] 186500 150001 155.00 15000
M ommal Hesd M 1887 17530 17200| 18867| 16533] 16200] 158.67] $55.33] 15200] 14867| 14533
pnimom Haad M. 3600 13500 13600] 13600] 136 00] 13600] 12600] +35600] 13660] 136.00| 135.00
Loss of Head L ap)| BOGE &st¢| B2 s20] 8% &840 845 550 sc0| 82
[ fectivn Haad . : . : ' : -
Madmun M 192 00] 187.00] 98190 176 80] 171.80] 18570] 169.60] 158 60] 151.50] 1468.40] 1410
Morrnal M 17067} 167.33] 163.90f 160.47] 157.93] 15370| 150.27] 18] 1IS0] 12007 13663
Mingrasm M t2800f t2800] 127.90F 127.80] 127.80] 127.70| 12760 $27.60] 127.50] 127.40] 1270
bosialod Capacty . | MW .72 [ &0 55| st &7 421 . ¥l ) ] S}
Fum Pusk Pover  © | MW . B804 $58]  S14 a7 e My 339 322 8] el8 3]
ial Ererpy . . i . o .
Averagh - Gwh ] 82| 230] 2233] 232 2003 32| 1827] 1754] 1810] 14545 1354
Fam : Gwwh -1432 $292| 126.4] #1133 4064 97 &3 1 a2 750 649 546
Sacondaty Gvh =X 536 7.7 73] - 9655 945, §38]: - 902 £50 815 76
Baglk Project Talkece Typd Undargeo. £i§ Layoot H.AY L2550 00m With Bayran H.W L v750m-700m
Damshe | Bag k| Bagik | Baghk | Bogik | Sagik | Bagik| Bagix | Bagik| Gaghik[ Bagik] fagix
Rezervoir Lepod | 7SOA | 7dSA | T40A ) 73SA | 7H0A | 7a5AC | 7a0A | TiSA | FigA | TOSA | 700A
Cutcharent Ares kM2 1503 V508 1509) 91509 15091 . 1.509] 15093 4509 1503] 1.508) 1,909
Annual inflow | MY 2490] 1450] 24907 2480] 2490) 2450] 24901 2490 2450] 2M90] M9
High Wiator Leval M | ssaop] ssooo] sso0s] 55000f S5000] 55000) 55000 SS000] 55000] 56000] 55000
Normal Water Levet | W 538 50] 53as0] saase] 538.50f 53850] 538500 538507 53050| 53850] S$38 50| SBK
Low Wfater Level W s2z.00f 527.00] S27.00] S27.00| Seroc| s:7o0| 527.000 527.00 527.00] $27.00] 527.00
Ava'lath Owwdewn - | M 2300] 2a00] #a00]  r00] 2300] 2300): 230) 2200|300 F300) 1O
Gross Cepaclty e 3| 70l V20| 1220] D 2R0] 1290 1770 ATFO 12.70] Wl w0l 1770
Efacthve Capacky e 14D A0 11.40] P 104D] 1140|1040 1040 1140|114 1040] 14D
Cmm . . P . : .
Troe lCon-Gra fca-ia fCon-Gra foon-G loon Grn [Con-Gn Koon-Gra [Con-Gna JCon-Gra JCon Gra JCon-Gra |
Height b Found, ] 94 -3 K7 94 Y] Y3 Y] R L1t I T
Cryst Langlh L 24 40 240 20| 24| 240 240 242 240) Lo L
Volutne 144303 % 20 420 LF] 420 20 &0 420 420 @20 410!
Has Jac Tunrol
Ty,
Diamwlers o
Length L]
Panstock - . . .
Type Turno! | Tunnal | Tuisel | Tunmot | Tunndl | Tunea! | Tednal | Tunned | Tunnat | Tunnol | Tunnel
Disvaloy o a9 L1 37 8] 3% 34) 32 32| a4 3] 29
Langth Y] 21301 Fk] 3 M 3] 3 213 ) 13 13 3
Powerthouse § o : . : : o
Type kindarge. Randargr. IUndetgr Underge. |Undaripr. JUndergr, Iunderge 1Undorgr [Undarge. [Undargs. Wrdergr.
Fairace Tunnel ; : . : o D -
Type i Has asho Posesho [Hasesho [Hosesha [Hosesho Hosasha IHotosho [tosesha [Hosesha Hoseshe [Hosesho
Diametary | L 54 81 sof - 48| 43| caz] . «s| - 4S| 44f 43| 42
Langlh (Tusnel) ] A438] 4 459] 4454] &454| R454] 4454] 4454 £454] 44541 L454] A4
| (Chaanel) M P : . 1. : . :
Fim Discrarga © | 43S 14.680] 1425] 13sel wd00p p1rsp 41es] 1050 s000] 930 875 @ B35
Madmum Dischaarge M35 $900| 57.00] I 5400] 52000 4700 4500] 4200] #205] OO 3500 3300
[T0) Witer Luval - M| 3e200| 38200] 39200] 352007 33200 39200 H200] 392061 3200 IF200) 39202
Grost Head . N L L . .
ke dmum Head N 158 00f 158.00] 156.00] 15400) 15800] 15800 #5800 15800; 155 00] 15800 15000
Pvoaral Hasd M| 14550] t4ms0| 14650] 14550] 1455¢] 14650 t45.50) 14650] 14550] 146 50] 14650
PAinimum Head M 13500] 13500] v35.00] ¥3500] 13500] 13500f 135001 13500] 13500] 13500] 3500
L.o33 of Hoad M 5 5, 5§50 560 §60] 570 57 570 580 S583] 580 $%0
fE focthva Head -
" | Madmum ] 152 50| 332 50] t5r40] 152.40] 15230] 152.26] 95230 15220] 15220] 152.10) 5240
Normnat M 141.00] 14100; 143.90] 14090) 14080 14080 140807 1a330| 14070] 14050) t40 60
Minimarm . L] 12950] 12950 129.40] 125.43] 12230] 129301 12930] 1A 0| 12920] 12010) 12910
ristaled Capacity (L) T n 69 ] 63 47 54 5t 43 46 2| 49
Fim Peak Powor Y 658 €yof 538 578 550] 510 500 aTe| kM7 no LX)
Januat Eneegy i .
Avecaga GWh #550] 2529]  2505] 2458 2403 2352] S| 0| NG| 2033%] 19%6%
Fiem Gh ss20] T435] 1330] 1323 202 sy 107.0] w02Ef A E35] 851
Secondary Gavh 1030] 10740 181 8] 1138 ex00f 4t8S5] 1205) %iR4} NS} 1A 1318
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‘Table 9-7(3)  Outline of Alternative Plan for Reservoir Capacity
Baycam Projoct Tailcace Type Undergro P/S Layoul H.W L 27500 700m with Baghi HW L w 530.000
. Darnsis | Bayram | Bayram | Bey'am | Bayram [ Bayraaa | 835am | Bayram | 8ayram | B2yram | Bayram | Bayram
[P esericir [Loyst | 7506 | 745 | 7a0e | 735C | 730C | 725C | 720G | 7150 ) 790G | 705G _{ 700C
Catchment Arsx Kht2 158} 1358 iase]  uv59] s8] 4033 1455] 0188|1159 1459 EREL]
Annael infiow [ 3 w20 1920 1920] 1920] 1920] 1] 1920] e20]| 1920] 1920 1920
High Wa'er Leval L1 1s000) 74500] 74000 73500] 73000| 71500] 72000( 79500| F000] F0S00] 70000
Norrtal Yalor Laved M r2a67] 7253 r2r00] 29887] 7is 3] m200| 70867 70533] 70200] 63867f 69533
Low Water Luvel M s2500] 62300 625 00| sa800| a5 00} £3800| 62800} £2500] B2500| €8500} E3500
Available Drawdownh M saod] 5300f S400] 4900 4a0s] »oo] Mool zeoo] 2400] 1900 1400
Geosy Capacky Cporery 15903 150000 13300] 11600 10200] B800] 7EOGY 6500 ss00] 4500 B
Efactive Capacly horenrd 14300] 12000] 19300 9500] 8200] 6600] 3500] 45001 3500| 25001 13.00
Kam 995 B73 ?.Nr &N 6.1) 543 ass] 4.23’ 37 321
Type Rochfit JRockit JRockPl JRockBll [Rockfil [Rockil [Rockfin |Racidil Rochfil JRocHAE IRkt
Haight frarst Found, M 155 1% 145 140 135 130 125 12¢] 145 150 05
Crast Length M 452 C 42 415 5 EXE) 383 31 A7 B P2 ) m 291
Veluma X asool r200] 6144] 5.a00] 4B00] 4300] 35001 38001 3100] 2700|2400
. Headrace Tunnel
Type
Diaroters W
Lergth u .
Panstock 1 . . ’ . - :
Type ' Tunnet | Tunnel | Tuanad | Tuanel | Tunret | Tunnet | Funnet | Tunnet | Tunnal | Tencel | Tunoal
Diamaters L] 35 34 33 3z S 30 28] ¢ 28 27 2B} - 25
Length L aztl a21.44f 3peaa] zeax] 220.04] 3z104] 32104 24| 320.94] 31445 INAA
Povethouse ’ . . . : . .
Typa [ nderar. JUndosge Winderge |Undargr. [Undorge jUnderge. [Underge. fiunderar [Undaigr tundedgr. fundurgr.
‘ailrace Tunnal S
Type Hosesho | Hosesho JHosesha Haseshs [Heiosha fHosesho [Hosesho [Hoss she [Hosesho JHasesho Mosasha
Dhanatecs . M 45 47 A€ 45 44 43 42 aif 40 ‘39 s
Length (Turcal} ~ M 79%] 7em| 7s3§ 2.9%]  293| 7e®| 7e30| 7.9x] 78| 780 (7590
{Chancel) M . : . )
Firm Discharge M*XS 1220 1140) 137¢] 10140 450 890 430 170 T20|. 660 810
. Badmum Oischaorge |M'35 sap0] #5001 2300] 40o0e| 3so0f 3500l 2300] 00| 2900f 60X 24.00
Tall Water Luvel L] 530 00] 5300 s:coc| 5300] $3000] 53000] 53000f 53000 530X} 5:003} 53000
IGross Head . .
Btadmum Head M 25000] 215.00] 21000| 205 00f 200.00] 19500] 19000 13500 14000 17500/ 17000
MNomal Head M 193 67| 5533 193001 18887] 18533 15200] 178 67] 17533] 17200] 18487] 16530
hfinkmum Head M 15600} 15500| 15800f 15600] 156.00] 156.00] 15600] 15500) 15600] +5600| 15600
Loss of Haad M go0] soof o918] ez 92| 8w e 950y eso| 9| em0
= Mlective Head - . 1 . 3 .
Maximum - M 211.00] 206007 2005¢]| 13580| 1e080] 18570| 18060( 17550] 17050} $65230| 15020
Noomal W 18067| 19833] 18250 179.47| 7813 72.70f 15927) 16583] 16250] 15897) 15553
. [ Miaimum B 147.00) 147.00] 14680 14580 14680 14670] V145607 14550 14650] 14530} 14520
nstalled Capacy MW . H &8 B2} - S7 ) I 44 40 asp.. 22
Fam Peak Pawer L0 614 Ly 58 G| 5247 435 416 330 k3] 350 el 295
oeunt Enorgy . . . . : ’
Averaps GWh 266 8| 257.7F 3479] 237.0] 2170 1166 2049] 1533 1808] 467.3] 1544
Fam G\¥Wh 585F 0 154.4] 141.€] 1282] 1198f 1i07] 1004] s2gy - B39 %3 $72
Secondary GWh s3] 1033 108s] voee| dorsp 1058] 1048| o13]  ese] o20] 872
Baghin Projsct Tadraca Yype Undergro. P/S Loyoul H W.La 530, Odm with Bayram H.W L. =760m-7 00
. T JGamshe| Baghk | Sogik| Bogix | Bagik | Baghk| Sagik] Bagik | Bagik| Baglk | Sagik ] Baglik
IResarvoit tayout | 750G | 745 | 740C | 735C | 100 [ 725C ] 7200 | 7ASC FI0C_ | TO6C | 700G
Cotchmont Arae KMz | 1508] 1508] . 0.506] 1808 w508 3.508| a50a] 1503k 1509 1.509] 1509
Annuel lnflow Wwas | 2450]° 2490] 2490 2490 2450 - 2490 24950] 24901 2490]  24%0] 4%
High Waler Level . L] 53000] 3000 530.0¢] 53000 53000f 53000| S 00| SH00 53000] s3000| S0
Horma) Water Leval Mo sansa] s2850| s28350f Sab.50f 52850 S2850f 528 50| 52850] 52850) Si8%50| 52850
Lew Walter Laval W | s27.00| S27.00} S527.00] S2700] S270Gf S27o0f 52200 S:7.00] §27.00] 527.00| 52700
Avafisbla Drawdown L] 300 Yol 20C8 300 300 300 00 3Gl 0o 300 I
Gross Capachty 10sMt3] - 700 7.301 T30 7.36 730 7.30/ | S o] 13 1% 73
Effsct Capacky horerassl  too]. to0] - 100] 100]  weof ool :osoe]  10e| to9] 109] 10e
Dam - s : ; 1 R :
Tyre - Ieon-Gra Con-Gra Joon-Gn [Coa-Gia [Con-Gra Hoon G Jon-Ga (Cor-Gra [Con-Gra [Con-Gra HCon-Grs
Hakght from Found. - M 74 74 T4 74 74 A L1 IR ) e} 74 74 4
Crast Length M 180 19¢] 19| 190 190 150 3= 19 190 22| - 190
Volume heraea]  1ss| 15| Gl 19 195 135 195] 195 155 15 195
Haadraca Tunnel . : .
Typa
Diamisters LM
Lengih L]
[Penstock
Type Tunral JTunsel | Tunne! | Tunnot | Tunnel { Tunrel | Tunnat | Funcel | Turinel | Tuanel § Turvel
Diarnates LX) e LX) 36 3s|. 32| - 33 32 kX 30| 3] 74
tength : W 301 2030) 20301] 20301| 25301] 21308] 3K} Nn301 30| N30 N30
Ponahouse : . e : : :
Type : - Fondorge. Mndarge. Junderge Jundargs. |Underge. [undergr. [Undarge. {Undargr, [Undetgr. Undorge. Underge
Taiiracs Tuonel . : ; ) .
Ty ’ hiosesha Hosasho [Hosasha JHeseaha [Hasesho IHoseshe Hoseshe Hosasha Hosesha THos esho [Haszsha
Dismeteis ] 55| sof | 49 Bt &7 46 45] AL 43 2]
Langth (Tunned M 4a54| a4sa] ] ea54)  aase] dase| 43¢ 4a4sg] . casa) dasa] adss
. (Channel) Mo H L . - i o
Fum Discharge © [ MMS 4.50) -1378] vIodi 200 S H12s] 1075 1000 #50 .00 825 7.7%
pradmum Dischaoige [ M35 sate] 55.00] sroc] 4200] 45001 43007 A000| 600|300 3¥00| IOG]C
[Ted Walter Leval M 301 00] 3200] 30200] IB200] 33200 330007 392 00| 35200 35200 39200| 33200].
3108 Head : N R K , o .
Mandimuin Haad M 338 00] 138.00] 13800 93800 93800] 13800] 13300 13800] 1800} 132001 13300
Homal Haad M 13550] 12650] 13550] 13650| 136.50] 13850] 13650] 136 50] #3650 13650 13550
PMinimum Head M 133500] 13500 #3500 13500] ¥3500] 13500] 135007 13%00F $3500] 13500] 135
L oss of Head M 550 580 560 560 EXa 570 580 58 580 5% 8BGO
EFg=tive Hoad . . X
Wadmum ] 1250} 132.00f 132.40( 122.40F 13230 13230] 132 20] 13220] $3220| $3200] 13200
Komnal M 13100 108c] 1309C] 13093] 13083} 13080] 13070] 13370 12070 13060| 13040
Minlmum M 12050f 120.40F 17940 128.43] 1293G] 179 30] 120 20] 163 20| 19 20| 12910 2500
rstaried Copachy et es| sl ssl s e s a5« wf  wf
[Firm Peak Power WA 52 % 53¢ e 820 5o a9 M 119 0, ELX M0
lannuol Erergy
Aversge Gwh o] 2240] 294] 2457] 1106] 068] 200B| 19E6[ 1858) 1769] 04
Furn Gy 1592 107 24| 1138| 1D7a| 1028 o451 a0% &5.¢] 188 Ta2
Sezordey GWh ars] e33] erz] waa] was| 10a3] woasf 1001 1008] es3| es2
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‘Table 9-8(1)  Outline of Alternative Plan for Bayram Reseivoir Water Level

Bayram Prejest 'lollr)‘«:l Undergro. PiS Layout B WL »750m LW L »B85-T45m With Baglih H. W.L. v 550 00m
CaTiske | Bayram | Beyars | Bayram | €rpam | Bayram ] Bayram | Bayram | Sayram | Bryram | B2jrem
R B LO0V O [ Layout | 1505652 250-705] 750-710] P50-T18] 150720 750725 750-7308 7507351 750-7408 750-T45
Ceichirent Aras [T 5,45%9] LS9 1A53)F .58 1,159 1952 1.159) 1459 14590 1,199
Anaust Inflow M YS 1920] 1920{ 1920] 1820] 1320 1920] 13ID] 99201 1920 1820
High Water Lt 1] so00| 75000 7sa00| 75000| 750.00) 75000  7S0.0C| 750.00] 75000] 750.00
Morrral Wenter Lovel W 72867} 73500 73867 73833] 74000f 74182} T43.33] Tas00] 74567] 1433
Low Weter Level 1~ €25 00) 76506 F1000) 71500 72O 00F 72500} 7X000] 73500] T4000] 74300
Availebls Drawdovn | M E400] 4500) 4000 3S00f X0O] 25000 2000 1500] 1000 500
Gross Capacly horardra] §6a00] 15200 16300 189 06F 159.001 163.00] 163.00] 16900] tEI 00| 163.00
Effactiva Capecity oronta| 145.00] 123000 11400 104900] S3D0] 3100 ero0| S)0Q| OO 1300
Cam Ay 1,724 5] 1,4238] 1.319.4] 1,2027] 10764] 9375] T7SS] 6934 ST 2189
Type [Rockfif [Rockfl [Rockfit [Pockfil [RockMit [Roci®l [Rackfil [Rockfl [Rockill |Rockfid
Haight rom Found. L] 155 155, 158 155] 155 LR 155 155) 155 5%
Cresl Langth K 467 46| . 482 452 462 452 463 452 452 452
Volure - Ioraa) 84500] 8500 85007 8500/ BS0)| 8500 85001 s500f BSOD| 850
Hasdrace Tunnel : : ’
Type .
Oismictens i LA
tength - M
> anstock : .
Type ' Torrel |Tunnel  Tunret | Tunaat ] Tunce! | Tunegl | Terice? | Tunnal | Tunce! | Tunnel
Diametars M 3I5F - 34 33 213 3z 311 30| - 25 27 25
Length M an 2 N o k¥sl 1 31 N n 324
Pawethouse ’ ' ’ L
Trpe . Jonderpr. Mndorgr. fundeigr iUrdargt. [Undargr. [Undorgr. [Undargr. [Undasge. |Undaigr fUnderge
[Tait:az0 Tunne! : }
Tyre : . Hos#sha Hoseshe JHosesho [Hosesho  Hoseshe IHosesho [Hosesho [HoSesho Mosashs IHasesho.
Diaraters L 42 4.7 45 48 £5 44 43 42 16 33
Length (Tunno® M 193] rei0| 7330 7.8%] 7eW] 7.930] 78| 7530 7SI 79X
{Channsl 1] . .
T Déscharge I L= 1226] 11.20] 1070f $0.40| 1000 9.40 880 axn 720 610
Pradmisn Dischsarge | MAX5 4300]  4s00f <4300] 4200 4000| 3300] 3503 3300 00| 2400
(Tal Wator Lavel 1] 53000] saool $3000] 53000 53000 53.00| 53000 $3000| 53000| $x.00
IGeoss Hosd : .
Rtexdrrom Hesd | 22000| 22000] 22000| 22000} 220.06] 22000| 2200Q] 22000} 230.007 22000
Naormal Head g - | 67| 20500) 20667] wona3] HO00] 211 67) 21333) 1500] 216687) 21832
fnimum Head M. | 1s800] vso0] 18000 18500] 19000] 195.00) 20000 205.06] 21000{ 215.00
Loss of Head LT o] es0] st0| smse] e| @20y 93| pap| 9350 M
E foctve Head . - : C . :
Waximumn M | 28100] 21050f 210907 210.90) 29080| 21080] 21070| D ED] 21050 21020
orma? M b.1sae7] 19590] 197.57| 139 23] 20080 202.47] 20403 205 63] 207.17] 20453
Winimum 2] 147.00] 16590f 17090 175 90| 18380| 15530 120.70] 13560] 200.5¢) 20520
Installed Capechy M ® 78 73 24 €3 [ 61 - 58] 5 4]
© Fian £oak Powet MW §7.4 654 B 624 €02 - 546 47 521 488 Lok ]
Arinual Ensrgy : . L. .
Aveirge GVh wa el 2660 2652 2645] ' 2438] 2595f 25398 IOl N[ 1958
Fum GAh 1685] 1666 161.4] 1560] " 149.4] 1418f - t289] 20F] 1102 g3l
Secondary GWh

533 $94| to3e] 104%]  wlAt] VIAT| 1350] 1248 1225) 1415

Begik Project Tallcacs Undergro. P8 ll'yout H.W Ln 530 00m 'hith Sayram H W L. #]50m L WL =588-T45m
EISMY o

arshe| Sagih| Baghk | Bagik | Bagik ] Baghk | Baglm | Bughk | Bagik | Sagik ik

. |uyont 1750-685] 750-705] 260-7100 750-715] 750-720] 750-725| 750-730] 750-735] 250- 740 750745
Catchimpat Joea Ll 1503] 1568] 15097 1503] §505] 1505] 1,509} 15097 1.509] 1508
Anival Infiov MAS 200 2490 490§ 2490 2440] 2460 19| 2480p 1N0] 2490
High Water Lavel 2] 530 00f 53000] 53000] $30.00| 53000| $3000) 53000 S3000] 53000( 53000
Moural Water Level LY 528 50f %2850 52853 52850 S2850| S2850) 528501 S2830] G250 528.50
Los Wator Léve! L] 527.00] $272.00] S37.00| 52700| $27.00| 52700 527.00] S27.00] S2700f 527.00
Avalable Ousdown | W 300 3.00 200 300[ - 300f (3O 300]' 300|300 3100
Gryss Capacly 1946043 7% 7.0 T W 7.0 70 .30/ 730 T 1X ¥
Effact Capociy 1rewea]  doo] 0ol 100 vosp 100l f1oo] woelr 100 100] 100
Type KConGra [Con-Gra Joon Gra [Gan-Gra [Con-Gra [Con-Gra [Con-Gra|Con-Gra [ConGra [Con-Gra
Holght lrom Found L] 4l . 74 74 T4 74 74 T4 T4 L)
Crest Langth M 190 190 190 180 190 193 190 9] - 190
Voluma © et ety 195 195 195 185 195 135 :195), 198 193 135
Headrace Tunnal | 104 14 104 104 104 104 o4 104 1G4 104
Type . : i )
Duamuters L
Length M
Panstock . . . : . :
Type Funce! | Yunna? | Tuncel | Tunnel { Tuneet | Tunret | Tunnet | Tuanel | Funoel § Tunnel
Dlamatas M 3t 37 3] e 35 33 3 32| 3n] 28
Length M k! R 213 213 a3 A ¥ 3 ey 27}
Powehouse R : o - : .
Type Uidergr. indergt. [Underge [Undergr. [Underge. tUndergr fundorge. Undargr indorgr, |Undergl
Tailiwce Tonndod . : : : . : .
Tyos Hosasho [Hosesha [Hoseshe [Hosasha [Hosesho [Hasashe IHosesho Hosesho IHosashe IHoseshe
Diamaters M 59 sof 49 4% KL a7l: ‘A8 45 44| T da
Length (Tunne? M AA58] AASEE  R4S4] - A454] 2454 4434 4,454] 4453] A454] 4454

P {Ghannal) M : . ; : - s : o .

[Fam Oischarga Iweds | o1a5e] 12400 1300]  1240] s180| 120 1050 970 850 1.80
boadmiom Dischaarge’ EMAS | S900( S5400] 52006] " 5000] 4700 44.00p <700] 2300| 3600 300
[Tal Watsr Lovel - M 392 00§ 392 00] 32200 3s20¢]| 20200| J200F 392008 FE200] 39200] 38200
Gross Head : : : ’ - . : : e
fAadmim Hesd M 123.00] 13800 12300| +32.00] $3500F 133.001 132001 13800fF 130.00] 13300
pvonnat Hoad M- 126.50] 13850| w36 50| 13a50] 13650 136507 136501 136 50] 136 50| #3850
ffiniroum Head M 13500] 135.00] v3500] 13500] 13500f 135.00] 13500] 13500] 13500] #35.00
A 055 of Haod M 550 560 S&0| $6C 57 570 srel  ssp]l S5m0 500
£ Mlective Head . .
Madmum . L. +3250] 132.40] 132.40| 132.43] §3230] 13230] 132X 13229] 432 20) §3200
Noimal M 1100 10W] 109 mmi 130.60] 1080 13083 13070] A} 13050
Mhnimum : M| 12950 12840 128 60| 129.40] 1230 12920] 12930 179 2G] 129 20] 12900
nstaled Capacly * M 5 6| "= s s 43 P “ 4 a5
Fum Peak Powar W €24 580 S64 550 1.0, 420 480 4rg| 390 MO
Annaal Energy :
Averaga ’ GWh wo| o} el nae] wnes| 220] H64] 1950] 1365] 1690
Fium : GWh 1392 arbf ) 1205] H117| 1W0sAE 007 920 50 s
|Sncondany Gwh ars o50) arsl  646] 1048} 1068] HOET) 105G 010 ¢4
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" Yable 9-8(2) = Outline of Alternative Plan for Bayram Reservoir Water Level

Bayram Peoject Talli sca Undergro. PiS. Loyoul HW.La745m L WL 2885 740m WithBagkk HWAL 83000
" Joumstte { Bayrami] Beyram | Bayram Beyram | Bayram | Bayram | Bayram [ Bayram Bayten | Bayam |
[Rasarvelr | Layot | 7456851 745 145 705| 7a5-710] 743 715] 745-720] 745 725] 745730} 145755 745 140
Catchmunt Aras M2 3.455] T 0,459]  1.159] 1459 11591 1139 1.059] 9.158] LA59f 1,139
Annualt [nflow MY s920] 1920] 13ze] 132l 1320] 1920] 32 1w 1] v
High Water Lavel M 7as.00f Ta500] T4500] 74500] 74500 74500 P4500] 743 0] T45.00] 74300
Normal Water Levet ] 72533] 100{ 36 73233) 7aS00) 73647 73 740008 TaLET| T4
Low Viater Level M se500] 70000] 70300] 110.00) 715001 720001 72500 730.00] 73500] 74000
Avalabie Dupwdown M racol ason| a000] 3s00] 3000 500| 2000 500 1o0d 500
Gross Capacity coremtd] 15000 15000] 15000] 150.00] 15000 13000 150.00] 15000) 150.0%) 15000
£Pactive Cepacity 1oEM+ 3] 12000] 112400] t0400] 95.00 gs00] rapdy 6200F 4800 MO0 1700
Cam mas-] 15048] 1,205.3] 1,2037] 1.0955] 9838 B56%| TIrE] $55%| 9I5) 14B
Type Roc\ll [Rackill [Rockil |Rockfn [Rocksn [Rockfil |RockAl Racfill [RockMl jRociAd
alght frorm Found W 150 150; 450 150 150F © 190 50 150 150 150
Crast Langth M 442 442 442 442 £42] 0 ad2 442 442 443 442
Veolume 104 3% 1200] 7200} r200| 7.200| 7200| Fa200 7.000] 7200 ra0c] TR0
boddraca Tunnet ’ : : B : :
Type .
Diamatedy M
Lenglh L1
Porstock Lo B o .
Type . Tuneol | Tunnel | Tunnal ] Torned | Tunesl | Tunned | Tunnet Tunno! | Tunnel | Tuanel
Dismoters - ' M B X | 33 33 - 32 3| 30 29 28 27 2%
tengih |1} a n a 3 an] o an| o N Eral 324 n
P ovierhouse : : . . .
Typs Dind cogr. [Undecgr. [Undergr. [Underge. Underge. JUndargr. JUndergr [Undasgr. Undsrge. [Undeigr.
braiiace Tunast : - :
Type : i Bosasha [Hosasha JHosesho [Hosesho [Hosesho [Hosathe Hoseshd Hesasho Plosesha Hoseshe
Diamatars M 41 - 4B LL 45 44 - 43 42 2] o] -38
Length (Tunna? " 7ol 7emw| 7ex| 7ado| 79| 8| 790 700 7.9 79%
(Channel M . : i

Fue Dscharge M*3S 143 1070]  1040] 1000 480 930§ 350 .90/ 112 §00
biadimum Dischasige | MPXS - 4800 200l dz00| 4000 32 oo] : 3600] 3400} 2200f 2000 W00
Tl Waler Level M . ] sx00] s:00] 500 s3006| snaoc| 5:000] Sa000 530.00] 53000f 5300
Gross Hesd ' ' :
pAmximuon Haad LM 215001 21500 21500| 21500 21500 215.00] 31500] 21500f 21500] 23500
Nowresl Haxd M| 19533] 200001 20167 20333 20500 204 E7| 20033 2000 21.67] H3»
4 niroarm Head ] 156.00] 17000] 17500] 180.00] 18500| 15000} 15500 200 00| 205.00] 21000
hLosa of Hasd W 340 3.0 2.0 429 920 3 9.4 9,40 960] - 9M
= Moctive Haad . . - :
Mardmimn M | 20800] 20890] 20590] 20580} 20560 20570| 20550{ 20560 205.40 20520
Namal L 12633 19080] 19257 12492 155808 19737} 153.8)] 20060] 20207 20353
Kintmurm . M| 1470 w00l 1559¢| 120.82] 17580 1R2TO 18560] 19060| 195.40] 20020
nstafed Capacly M 1] 70 €3 67] &a| e 59 ssf o4 2

m Paaik Poiver v £3¢| 60%| €F 533 562 52 223 508 454 403
Annue) Enogy . . o . o .
Avaragl GWh, 257.7] - 257.4] 2565 2506|2494 55] pdv2] 2352 F0t] 1998
Firm G 1544| 1488|504l 143.B) 1335 133.2] (243 -4 33| 832
[ Secondany TWh 1033] 1082] 1054y 1038) 1090 13548 4179 1228] 1218| 1¥é

Begix Prijact Valirace Undergro. PiS Luyout H.W L= 530.00m €. yram H WL T45m LWL =653 740m .
> iashe | Bogih | Bagix | Bagin| Eagik | Bagik | Bagiik | Bajik] Boglh| Seglk | Beofh

esarvelr Layoul | 745-634] 7457004 745-705] 745740 745-715] 745 720) 745-725; 743120 F45-7351 Ta5-T4)
Cetchmaat Arog KM2 1503]  1.508] 1509 1508 1508 1.508] 1505] 50| 6.508] £.508
Annud infiow M5 | 2490f 2490 24907 490 D 2490] - 2490] 2490 2490f 2490 2490
High Wiatet Level - M 520.00] 530.00] 5X 0] 5300 530001 53000 530.00| S3002] SM00; 5000
Normal Water Levet M 528 50| 523500 se850| 52850 52259 528 50| s2850) s2840| 52850 528 50
Low Water Level 2] s527.00| 527.00] S2r.00] S27.00] 5700 527.00] $27.00] 53700 &37.00| 527.0C
Rvalistly Cravdawm’ | M voof . scol . 3oe] doo| 00| 3col "300). 300 30 300
Gross Capaclty - {10MeMt3 7% 8-~ S A ) B Fa03 . 730 1 e Wy T
£f5A Copacly IOMEMY 100 100 10| ‘to0} 1) 100 100 -r00 100] 100
O . . . .

Type : © conGra Joon-GraJCon Gra iCon-Gra [Con-Gra Con Gra Yon-Gra JCen Gra (Con-Gra [Cen-Gra,
Hatght from Found. 7] 1 " 78 1 4] e 74 i 4] T
Crast Longth 1] 1% 190 193] 190 130] 190 we] 190 e 10
Valuma B £ [ gk nhc 185 3595 195 155 155 155 145 195 1550 1585
fiesdrace Tunnat

Typa .

Diametars M

Lengih - M
Panstock T ' S - ,

JTypa . . Tunnet ] Tunael | Tunsal { Tunnel | Tunnet | Tuanel | Tuaral Tuncel | Tunnal | Tunnad

Giamoters oM 51 ¢ 38 38 35 24 ay - M 31 30] . 28
Length . M 13 193 Pk} 3] o n3 213 213 a3y 3 43
[Powsrhouse C . : o . . :

Typa . Nindargr [undergr ndergr Wadargr [Undergr Undeigr |[Undorge Tundergr, [Underge. Undaige,
*’la-‘hﬂ Tunnel : - i [ [ L . N

Type : 7 Hogasho [Horesho JHosesho HaseshotHosasho Hoseshe iHasashe JHosesno JHoseshe Mosesho
Diametars S m 1 4% 43} s 47| . 48] @ 45 i 43 41
Langth (Tueral} Mo | Aase] ey 44654 ias4l 4454] 4454 4434 d454]  £4541 4434

Channah) - | M . : - Lo . )

Finn Dischvpe was D 375 N0 1230] 1200] 49.30] 10B0f 00| 850 B¢ 7.50

pledmum Dischasige [M'35 | 500 sa0o| 4300 a0n| 4500 4300 as00] 3s00f 350|200

T ail Water Laved . w | 'w2o0] awroof 3s200]| 39200 39200 a2.00]| 29200 33200] 29200F Y9200
5ross Head : co E
pradmemn Hasd M 138000 wsao0] 13800] 13800] 13000 138001 13300] 13800 133.00 134 00
Homal Head - M 126541 15| 136 50f 13650 123653 13650] 13650 13650 13650| 180
Mirlmum Haad W 12500] 13500] 135.00] 35.00 13500} 13500] 135.00] +3500] #3500) 13500
Loss of Head M sea] S566] s60] seof SFel 57 38O} - 5% $00] 800
Efactive Haad X Lo
Waximum L] par.a0] 132.40] 122401 132.45) 1220 132.30] 13220 132 2] 132.40] 10200
Kormal 1 130 93] 12090] 12050 13090 y3060) 13080] 1070 120.70] 60| 13050
Ainimom M 129 42| 120.00] 128.40] 129.40 129.90] 12030] 120.20f 12920 28900 12900
nstafled Copacity (LN ‘62 53 S5 4 51 43 ] 43 a9 3
Fum Pk Povet . | VW > 1 6.4 0 520 L3 ) 474 450 1190 o 1B
Wrnus! Erergy )

Avernge s o 40| 2201 nas] 158 2924] 2085} 2038} 1920| 185D 1680
Fin GWh yaaz) 1235] asa3] 1138) A07D 1028 986 458 B3 2 T2y
| Secondary wb@_ o3y era| oz fov?] 1052 1088 1950 1022] wis] w67
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Table 9-8(3)  Outline of Aiternative Plan for Bayram Reservolr Water Level

g‘gfdm Project Tellcscs Undargee. P13 Legout H W L.oT40m L W.L.=588.:n-735m Whith Saptik H WL w 533, 00m

[amsis | Bayam | Bayram § Bayram | 8ayrame | Bzytan | Bayram | Bagram § Bayram | Bayram
T Leyout §743-588 [740-200 (740-705 [740-750 {740-713 |740-729 [740- 725 [T40-730 [740-735
Celchmond e COT N BEXED BERED BEEES) S R B KRS AL AR LS
Aroes! Inbow 235 53 12200 1920] 1920] 1920 1920f 4920 #9200 1920] 180
High Watet Ll 1] 74000] 7400C| 740.00] 740.00) 740.00F 740001 T4 00{ 740 00] T40.00
Notral Water Level W 22000 Fi067] 72830] 73000 TMETE 23333 15001 13667| 7383
Low Walar Level 1] 665 00{ 700 00| 70500 ¥19.00| T1SC0f 72000] FR500{ 23000 73500
Avallsbie Orawdowm | M 5400] 4000 3SO00] MO0F 2500 2000] 15001 1000] 500
Gross Capacily [oren 3] 13300] 13300 130.00] 133.00) 13300] 13300] 13340] 13300 133.00
Efactve Capacity oGl 11300] 8500 A700] T8OQE 6800] 57.00] 4500] 300|700
[Carrs
Type Rocifi8 [Rockdt |Rockdil [Rockfifl [Rockdill jRockfi§ [Rockfil [Rockfif |Rockfitt
Heighl fiom Found. Y] 145 1457 145 1458 0 145 145 145 143 45
Crastlangth | | M 415 4% 415 415 415 L1E7 B L1 05 415
Volurr# 1eaea] 814a]  s14e] aa4] Brde] stas] 44| £34¢] 6184] 6t44]
Haadrace Tunnet . . ' ' o -t
Disrmetars 1w : ) ) ’ B
Length f M
[Penstock . ) ' .
Type = - ©o | Vunnet | Turael { Tuane? | Tunkal | Tunnel | Tunaal | Tunnal [ Funeal | Tunnel
Diameters -7 | M az| a2zl aws| aor| aod] 90| 28| 2182 247
Langth Lo M A n 3 m ] an - N N
P owarhouse | i L
Tyt .  Prdegr Uaderge. [Underge [Undargr [Undergr. [Undeigr [Undarge [Undeigt [Undargr.
[Talicate Tunne! ’ -
Ty S {osshe 1osasho [Hoseshe Hosesho IHoseshe IHoseshe Husesha JHesecho Hosesha
Diamatas ] i§ 45 45 44 43 42 41 3 38
Lergth (Tunnel) ] TA00] 103010 7920( TSM TEMY TeM] FAM] ANy TEW
[Chansal) | ] : ’ . .
Fiem Discharga M3S 1070] $060] S70] £X{ %0 830 270] 63 600
B2 narn Dischanigs [MY3S £300] 4000] 2900] 2700] 36001 3] MO 2700 HO
Tal Walar Laval - M 530.00] 530.00] 5¥00] 5300¢] 5300¢] 53000] S3000] S0 O] 50008
paross Head . L
fAadrmum Head M 21900 21000] 21000| 24000] 210.00] 1i005] 210.020 21000 21000
. Momral Hesd M 19200 19567 19833 R000] 201 E7] 20033] 0500 206 67| 208.3)
PAnimum Baad M 156 00| $70.00| r7500( 16000| 15500) 19000] 195007 20000 20500
R oss of Head M 910[  #20] 90| 83| X 2.43] 950} 8sp] 9%
€ factiva Heod : . . . . : . .
Maxdmum [P 20000] 20080 20080( 20070 2007¢| 20050] 20050] 20040] 20020
Moteal B | sp200) 182ar] 18303 190.70| 19237] 193.93] 15550] 197.07] 19352
MoAlthuen M 14590] 16080 6580 170 70| 17570 18060] 18550 19%0.45] 19520
fristafled Capacly N . 6 &4 63 © 61 53|, 58| . 52 48 L}
i Peak Powar M a0l sse] s40f S21)  sip| 4s0| . 455] - e29p 392
sl Enargy 8 - . . . X
Aveege GWh 24791 24851 24461 2428) 2460|2352 s8] 2128| 1308
Fum X . Givh 4] 1346 02| 1283 1222) 11540 L 107.8] - 974 251
Secondary . i CGWh | 106%] . 1119] 1144 BIG5E 1e28] W19 1580] WS52| wore

Gagiin Projacl Talracs Urdargro. PiS syout H W L= 53; Odm \Mé“. Bayram Y WL 40m L W:L-&;%m-_)h“m
E Demste | Baghie | Eaghk | Bagi b xpfik] Bagik | Baghv | Bagik| Baglk| Baghk

At Loyl | 743-686] 7402001 740-705] 740-710] 743 715] 740-720] 740-725] F40-730f 740-735)
Catchment Aes kM2 $509] 15088 1508] 1509 1.509) 15097 $.508) - 1.509] 1509
Annue] Inflow M35 | 24%0] 2080 2490 2450| 2e00| 24901 2490 24%0] 4%

High Water Lecel M} 53000 Sa000; %3000] 520.00] 53000] SM.001 53006] $30.00] $3000
Konnal Water Level '] s205c] 52850 s:esof srmb0] $2050] 52850 S:asel s2850| S50

Léw WWter Laval (VI 527.00) S27.00] 52700} 527.00] 527700| S1?.00) S527.00 527.00] s2vo0f
Avalable Dravedovn L 300 Il - 30d] Al 00 3.00 300 300 300]
Groe Cupesiy Feal zoaol o 730 w0l 730) 730 r30) 0 7| rM| 7T
E¥oct Capasity [oret3] 108 jon| 100 .00 100 100 100  100) 100

Dan : : .

Type jCon -G JoonrGra [Con-Gra Joon-Gra JCon Gra Joon-Gra [Con-Gra [Con-Gre [on-Gra
Huight hom Found. 3] B 7 T4 ts 74 D4 T4 kL it T .
Crast Langlh Mo 9150 190 90| LT 3= ) IEER ) 1) 150 130 190 '
Volume (107 I3 195 195 155 55 155 395 1958 58 %5
Headiace Tunne! :

Troe
[Xarretars M
Lengih M
[Fenstock . . .

Type Tunne! | Twonal { Tunnel | Tuansl | Tuncel | Yudusel | Tuhnel | Tuane? | Tuhpod

Deiaratecy M 360 3% 34 32 33 32] o 2% 28

Length 1] 23 13 23l 13 Hy iy 2H3 n 2

PPoveartoute . : s ) - Do .

T . Undergr. [Undorgr [Undorgr. Juadargi. [Undargr. tUndergs. Jundere. [Undarpe (Undargr.

'Tl?_hcc Tunrel ’ . B o s ‘ .

Type Fiosesha [Hoseshs [Hoseshe [Hose sho {Hososhe IHosesho Hosesha [Hozeshe [Hosashe,

Diamatas W 48 48 ar 46 A6l . 48] | 44 S F 1Y K | . . T

Length (Tunnal} - M CA e dase] a4 4454] . a454] AaSa] 48| Adasa] 4484 . . ) . : e
. {Channel) M -t N . i . . Lo i . . &

¥k Dischargs MWASE] 1300f 5200 #358] 1163 1950] 1900] 93 8501 750

pedinun Dischoergy [MA3S | 5200] 4800 4500f 4400] - a200] adod] 3720] 34001 X00

Tal Wator Level M 33200} 39200] 39200) 39200] 39200 3F2.00] 39200 IN 0] IGO0

[Gross Hazd - : : : T : . . :

Modmaum Head M $33007 130.00] 138.00] 13800] 133.00F 13800) 13803 13800] 13800

Piovval Head M 138500 13650 13650 1X650] 133501 13850 136 50 136501 1850

b Aimum Head M 13500{ 13500] #3500 13500] 13500 13500] 13500 13500] 13500

hosy of Head - M sl see| s sr| srop sed] ssy  S90] 600

£ Moctive Head : :

Maximum L] £3230] 13245 $3230] 102.30] 1323¢] 13229] +3220] 13210 13200

Nemat M 13065 13050 +30 80| 13085] 130801 13070] 13070] 13060] 100

Minimum LM 1283] 12240 12930 12938 125301 129 20| +2320] 12940 1900

brstafled Capacty ~ { MW 59 =4 52 a8 47, 5 a2 3% k)

JFiira Peak Power v 6.4 518 s00] o] 469 L6 o] o] 30

jornusl Energy

Aversgd GWwh 2er4] 263] 2135] 2107] es] 22010] 192E] 1808|6993

Fum Ciwh 2] 136 10e5] 13ae| 1WOF{ 84 &78|  sael 722

| Sacondary GWh #72] warf 1040 so5s| 1060] 3049 1050) 090 872
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Tablo 9-8(4) Outline of Alternative Plan for Bayram Reservoir Wator Level

Bayram Project Talrace Undergro, i3 Layoul H.W L2 3 35m L W LS E35m-T 30m Wilh Saghk H.W.L = 530,00
Darrstte [ Eayram [ Bayram | Bayramn Bayram | Baysm | Bayram ] Bayram | Bayrar
R¥sarei Layout brasens (735700 [135-705 |735.1001735-715 [735- 120 733785 (ST
Catchmant Aren KMA2 155 tase] wiseb 3358 wA58f 1456] b9 1459
Anpual inflow MyS jazel 1920] 19z0] 1e20] t9z0] 1920f 19201 13N
High ¥ater Lavol » nsoc| 73500] 73s 0] 73s00] 73800] 73500] 73500 TS0
Narmal Witer Lovel " rinerl 2093 72s00| 72687 72033] 7woo| P38y 7
Low Water Level ] ess00] 20000] 7os00 Tioco) TS0l 72000 725 00| PX0C
Avalatle Drandown | W i500] 3s00| soec| 2500 2000 1500y 1003 SO0
Gugss Cepacity bhoowea| 11600 ti600] 11500] 11600| 11600] 11800 11600 11600
EflecUve Copaciy nOM*3| S600) 78 o] ool sree| svoo) a000] 280R) 400
]
Type ookl JRocknl [Rockin [Rockal [Rockfill Rockhl JReckiid Rackiil
Helgh fram Found. | 140 122 140 140 14 140 143 - 40
Crest Langlh M]3 5 I95 383 335 A5 55 35
Volurrs -~ horawars] sa00] sao0| sd00] Sav0] S420] 5400 5,400] 5400
Haadace Tunnet ’ - . . :
Type
Diamataen ]
Lesgth ']
Panstock i . :
Trpa R Tunred | Tunsel 1 Tunnel | Tuncel Tunnal | Tuarel | Tunnat } Tuanet
Dinmators : L az|l ok o] 0 28] :2%p 28] zsr 24
Langih - L ;33U el | a2 an m £l an kil
Prwochousa . i ’ . . e
Type bindeigr [Undargr. [Undargr. [Underge IUnadargr Underge. tUndargr. [Undaigr,
[Tailrzce Tunnat : ’ ’
Type b 1osesna JHosasho JHosesho JHoseshe (HosashalHoseshe Hosasho JHesesho
Dizrootois : ] 45 a4 43 47 42 41 s 34
Lengih (Yunne) | M 7.0%f 753 78| 79%0] 7930} TIX 79X 190
{Crarned) M . :
Farn Dischargo M*¥5 1010 9N §90| T 850 310 7.40 870 LX)
Madmum Oischaerge [M*¥5 w00l ool ases| seo| 2200f o0 o0} 100
[Talt Water Lavel W 53000] 530.00] 53000f 53000| 530.00] SH0M 530 00§ 53000
51053 Haad - . : -
W admum Head ] o500l 20500l 205.00] 20500] 20500f 20560] 20500 20500
Diocmal Hezd M 128.67] 483133 19500} 186 67| 158 33] 20000 e} 2003
prinlmum Head N 155 00] 1000 17500 120 00F 185.00] 19000| 195007 20000
R.oss of Head M o] 9xf o3| 94 .40 850] 960 990
£ foctive Head B : :
Wadmum M 195 &3] 19570] 19570] 19560 19560] 19550 195.40}) 15510
Normal M t7aar| 184.03] 1es570] 187 27} 16893 190 36| 192071 19343
- | M t4580f 16070} 165.70] #7062 17580 130508 18542] 190.19
hrsta%ed Copacty WA R se] st oss| - s 43 & EL)
* fFitm Pazk Povedr Lo S24 505 496) 455 472 4E1 431 i
‘Yool Energy L ) C : .
| Averags : GWh 23r0] 23st| 2332 20k9]| 2333 58] 2048 1847
Fmn GWh s282] 1105] dosBl 1534 1036 100 8]: P44 B4
" | Secondasy GWh wap| va¢el 1za8] 120s] ieaz| 1ta8] 1123 1023

Baglk Project Talrase Undargro. PiS L yout B W.Le 530.00m with Sayrare HWL =735m b W, L=536m 120m
B arste | Bagi | Baglk | Bagik | Baglk | Eaplik| Baghk Bagik | Bagik .

IR asenedr | Layouk [FIS-E35 735-700 Jras-705 f135-712 [735-715 [735-720 736-725 735730 §
Cetchumant Aios KM*2 1508]; 1,505  1.509 1508 1.508] 1509]  1.509 1509
Arnual Inflow . WS O0E. 24607 24.90 2490 MW 2450] . 390 (2490
High Watar Lave! M s 00| ss000] saaon) $3000| 530.00] 5000] 53000 53000
Marnak Watar Level L] sz8 50| s28.50] 52850| 528.50] 52350 528 50| 528950] 528.5¢
Lo Walar Laval L] §27.00% 527.00] S¥7.00| S27.00] 527.00 s22.00f 527.00] 527.00
Avallabig ODrawdown L4} X ) R 1o vl m 300 300 300] 300 g
Gross Capaclty 14481403 7.30] 7.3 ix 130 7.3 730 10| . 1X
{Effect Capacty {i0%MY] 100} 100 - 100 100] 1o0f d1o0fc $00| T 100
P joam . . . T
CType ' oG Joen Gra [ConGra [Gon -G [Con-GraJCon Gra [GonGre Con-Gra
Harght from Found L] T FL 4] . T4 iL | 74| |
Croxt Langth Mo 199 190 190 ¢ §0 190 1207 - 190 130
Volume 10A 30} 135 195 155] - s 195 LESS 195 195
Haadrace Tunnat .
Type
Diamatars X M
Lengih M
Ponsiaci . .
Typa ’ Tenne! | Faneed | Tutined | Tenrel | Tunnet { Tuanet Tuneed | Tunnat
Ciaimaters W IS 335 3z 333 313 300 p 1N
Length L . 213 F]x] an 21 213 n H3
" Powothousa . L
Type .  Jondaegr. ondergr Wndaegr JUndargr [Undergr. Undergr JUndorgr [Undargr.
Tahiace Funnat ) : . T
.| type .  Bosesho Hosesha [Hosesho JHosesha iHasesho Hosesho JHosesha [Hasesho
Diarnelors . L\ . 48 CATf . 4B 45|’ 45 44 42| 40
Lengls (Tunbe | M1 | 4454] asd] 4ass] 4454 4% qass] dasat 4454
(Channel} M B ) : o
rumn Dischatge ¢ WS 1200 1100 o0l 1020 arn LAY 530 730§
admun Dischasrge [NVMS | 4300] 4400] 14200 4100p 3900| 34K aionf 2900
Tab Walet Lével W agp 00| 9r00| Fstoc] 9200 222008 39200| F9200] 23200
Gross Haad Lo : : B ’ R :
b axdmium Head W 13 00] 13300] 13300, 13800 e 00| 13800] 138.00] 3800
Riormal Head 1] 136 50] 1368.50] 133 50f 136501 13650 13650| 136508 13650
Bfinimum Head M| 13s00] 13500] 3500] 13300] 13500 135.00] 13500] 13500
Ross of Hetd ™ 560 570 570 58 580 580 % 59| 5%
£ Noctive Head .
Sfaximum M yaz40] 13230 1320] 1226 132 20{ 13220] 13213 13200
_{koemal M 1300 13086F 13080] 13070 ora] 1070] 13050 10K
Wialmum | 129.00} 12930] 122.30] 120 12920 129 W} 12310| 12300
Anstafled Copaclty L] 12 43 7 45 44 49 EH »n
i Pzl Powsr Lt 52 43 45 45 47 o] E M
rnal Enorgy . . R
Average G zis7] 210d] wor2j 2033 1575 1235] 1800] 16590
Firn ’ G¥wh 1336] 1W051]| Wo7 51 g2 854 2 €79
| Secondary | own 1 1021] rosel 1288 roaz] ross] et} smz] o
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Table 9-8(5)  Cutline of Alternative Plan for Bayram Reservoir Water Lovel

Bayram Profect Tallrate Undargéo. PIS Layoot HWL.»736m LW L=836m-725m With Beplk HW L =539 6O

Oumstte | Baram | Baysm ] Beyram | Bayram | Boyram | Bayram | Bayramn
[Reservoir Layout [730-6584 [730-700 [730-705 [F30-710 [230- 715 [730-720 130725
Calehmesd Araa K2 2459 %S5 1353F 5,139 1958F 1,353} 4,159
Annueal fnflow MY S 920 1920F 19207 1920 §920F 19.30] 1320
High Wa'tsr Level M 730.60| 72000F 7300 73000 70Q00[ 730.00| 73000
Korrral Vietac Level M 715333 72000 PAL6TE F2333] V2500 7x6 87| T M)
Low Water Leve) M 645 00| 70O DO 70ROl TI000| 74500 120.00| 72500
Avallabs Orawdown M 4460 W000f 2500f 2000| 500 1000 *.00
Gross Capacy . [1076MM)E 102 00] H0200] 10200 102 00| 10200 102.00] 10100
Effoctive Cajecity OfENtyE 8200 B400] 55001 47.00| MOQ| 2600] 40D
Darm B E
Typa . ool [Rockil Rockfil [Rockfil [Rockdll [Rockiil [Rockfid
Height from Found. © | W~ 135 135 35 135 135 135 135
Crest Langth ’ L4 3 R T4 s ars 379 373 k. Te)
Velyrra 1000 4200] 48000 4so0f apc0]| €s00] asm0] amx
Hoadace Tunnat . : ; Lo
Tyre
Diairelens M
Leagth . M :
Panstock - ! L . _ :
Typs ~ . . Tunnal | Tunnol § Tunnel | Tunnet | Tunnel | Turne! | Tunndt
Ciametas Mo 31 30t 29 1B 27| . 28 24
Leagih 7] n nE | o 321 k731
Powethouss i .
Tige L adatgr. [unde:gr. (Undarge. (Urdotgs. [Underge. [Undeigr [Undorgr.
[Tallracq Tuncel :
Tpe - Hosesho fHosesha Hoseshs [Heseshe JHosesha IHese oMo [Hosesha
Diametars ] L 43 42 49 44 39 3r
Lengih {Turnel) M TR 19X} 7930 18X 793 row| 7rsx
* {Channel : M . ! .
Firm Dischargs MAXS 850 37¢ 430 8 FA L 6.5 582
r;'w‘mum Dischzerge | M*35 BOO| 3500 300] 3100] 2800f 2600| 2300
8 Welsr Level ] 52000] S3000] 530001 53300] S3000f 530.06| 53000
Gross Head : .
bt admum Head M 20000 20000 20000 200.00] 2000] 20000 20008
Homnal Haad - M 13532 190.00F 15167 13333] +5500) 195567] 183433
fAinkmum Head M 158 00] t7000] 17300 13300] 18500) 15000] 145.00
Loss of Head : L 9.40] 920 § 30 840 950 8§60 880
E factiva Head . e . B o . ’
Wradrium - ] 19330] 1920801 19070| 19060] 19050 150.40] 150 20
Noimal 1] 176 23] 180.80] 18237 13353] 138550] . 187.07| 18353
Wnimum M 145 90] 18080 18570| 170607 17550 18040 18520
Installed Capacky . - | MW s 54| - 87 431 M4 42, »
v Peak Power - | RV 435 43 S0 436 424 W5 343
+ tArnunl Engegy - . - B L .
ClAcwage [ R 27e] 39| rac] nsd| wes| isre]  1s00
Firm B R 15| w08 wr] 10az| era| sr3f - 794
[Secondary own | toss| ¥333] 113s] w122) vos4  100S]  mE

. Bagi'k Projact Talirate Undargro. PiS Laydut H W.L= 530 00m wiith Blyram‘ﬂ‘w.l.-?aom LW L»688m-725m

Camste | SX706] 535 00] 53006] 530.00] §230.00] 530 00] 53000
R asanvoir C Leyos 1230688 [730-700 1730705 [130-710 [730-718 |130- 720 70 725
Calchmort Assa LS ] 1.506) - 1505, - 1,508} 15091 1,500] i 1.509] 4505
Anrel brficw was |20l 2480f 2as0f 2493 2490] 2490] 240
High Water Le.sl M 530 68] 530001 S3000| 53000| 530.006] 53000 SMK0
Normal Wates Level M 528 50| 52850 Sz850| siaso| sze.s0] S528.50] S285%0
Low Watar Levot M 527.00] 527.00| S27.00| $r7.00| srroo] s27oo] s2r.00
Acarable Ovradown H L300 3| 300 102]- 300 kX o) b Yo ]
Gross Capacity a3l raef ra0| 73| 7] el vl 26
Efacl Capacty 10'6M 163 §0C 100 -.100 100 003 0 roe) - !
Type © fren-Gra (Con-Gra Koon-Gre JCon-Gra [oon-Gra JCon-Gra fCta-Gra 3
Height hum Found. Tl T4l M Tt 74 74l 74 2] .
Crest Length L%} 190 190 130 350 130 190 180
Valuree weaats]  aes| o es]  ams]  sesl wss| o ses| aas
Headrace Tunnod
Tire .
fFamators L)
Langih L
Penstock . .
Type Tunndl FTuncel | Tuirot | Tinnat |Tunnal | Tusnel { Tuncel
Diameters ! L EX ] 32 32l 3 30 29 7
Lergth " 13 213 243 23| i 213 3
grovorhouse . .
Type N Mindorge. [Urdergyr. Jurdergr Undargs. Windergr. funderge [Uodorgr.
T adrace Tunna? - ” E : . i
Tyt fosasho Herashe IHocesho tHosesba [Hosesha [Hosesho | Hoseshe
Oiamaters M 47 . A5 45 a4l o 43, a2 10
LengthqTunne | M 4458 4454] 4434]  a.454) 2454l A454] 4454
. {Cranngh L B k : -
[Fim Dischasge Wis 1125] 103 99 950 80 810 R
pMaimum Drischacrge [WM25 €50¢] A100f 40| 00l 3500] 3200] 2900
a7 Walwr Leval M 3¥20)] 9260 30| 00| w200] 32200] M200
Sross Head o : : 1. N
Aa demim Head M 13800] 13400] 13200| 13800] 13500] t3800] 13300
picrral Haad M 136507 13650 12650 10850 13850] t3650] 13650
Fnimumn Hasd M 135061 13500 13500] 135.00] 135000 135008 13500
L oss of Haad L) 577G 5 80 80 580 590 5 90| §00
Je ®ective Hoed - :
Madimum L 13230) 32200 12226] 13220] 3240 13210] waioc
Norrral M 130.80] 130708 130707 12070{ 65| 13080| 13050
Minimum H M 129201 12920 12920 120 20] t2910] 12010] 2900
_ fostafiod Capacity (S st 45 a5 a3 39 3% 3
Fkm Poak Power Wy 431 - 45 &4 41 u 3% H
lnnval Ensegy :
Ayyrage GWh NOB| 204.0] 20007 1333 18307 I T] 1520
Firmy GWH 1074 5.2 954 83% 832 T64 €78
Socondary GWh 1035] 651 1038) 1038 830 #5) 221
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