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YEAR JAN.

. 1953
1954
1965

1957
1858
1959
1968
1961

1962

1963
1964
1965
1968
1987
1968

3.534
8.000
3.080

© 9. TT9

3.008

- @035
{956 .

3.859
8.000
3.004

.B.157
3.161

Q.000

3.278°

8.400

3.000 -
-3.134
.3.9¢8
'9.314

2.419

~1.009

3.019
9.000
3.090
8.954
3.725
.00

2.437:

1.969
3.630
0.009
2.868

1.000
4.168 -

B.806

3.009

0.604
3.885
8.909
3.009

- 8.909

2.589
1.ge0
2.917

- 9.009

4.847
9.908

3.807 -
. 0,989

3.362
8.500
2.4:2

1,009

4.151
@.092
2,002
2. 104
3,008

" @.548

3,305
6.099

' BASE FLOW DISCHARGE' (K

'FEB.

3.524

8.090
3.000

9.615
3.837

3:ral
9.90a
-.3.800

.08.048
. 3.063

3.425
9.0049

8.077
3.6080

0.284 -

2.651

1.000

2.033
.00
3.080,

 B.T40 .

3.5358

9.008°
3,000

#.818
3.796
f.008
3.080
0.927
4,060
0.008.
3,009
#.558
3.193
9.900
3.089
8:988

2,965
1,080

3.854 .
-9.088"
4,813
. BEE

3.699°

8.998
3.334
2.800
-2.498

i.6a0

4.0186
2.0929

3.99¢

9.23¢
3.808

9.586.

3.228
‘8.020

3.0080

. HAR.
3.532

3.a09’
(8.644 -

3.008

9.800
.88

3.431
2.009

3.292
2.000--
3:076°

0.800
3.300

-8.900 -
3.284 -
.800

3.090
8.254

2,885

1.888
3.275
9.800
3.900

0.408 -
3.414°

3.008 -

8.499
3.663
¢.900

3.900
8.636 -

3.929

'9.089 |
3.008

8,575 .
3.245
-¢.900

3.000

8.976
.3.008

8,535

3.618-
‘9.0800
4.734

3.590 .
.0.909

3.338

9.000 -
2,664

1098

3.726

3,008
" @.456
3.900 -
2,626

3.800
9.823

APR,

" 3.455
0.000-

3.000
0.498
3.000

8229
a.0908 -

3.367
0.008
3.008

‘a.420

3.358

0.988 "
3.188°
18.980 -

3.0800

8.346°

3.008

. 0,894

©3.396:
8.980

- 3.008

8.169
3.271

' :
¥

3.000

8.208"
-3.444
9.980 -

3.p80

8.348°

3.929
0.6049
3.6809

'8.558
3.027 -

a.060
3.000

B.248 -

3.0088
9.196

3.362°

.4.672
9.008
3.493
9.090
‘3,332
8.008 -
.2.905
1,990
. 2.588 -
- 9.900 -
3.80e
8.599
3.9980

8.71%

3,000
8.284

HAY

3.448
0.009
3.008
B.471

3.000 '
@.401 -
3.000
9.233

3.204

0.9806 -

3.000

9:219
- 3417
@.0900 .

3.137
2.086
3.898
8422
3.000

B.736"

3.179
#.000

3.352 -
.8.898

3.816
4000
3.808
9.913
3,132

B.096
3.156 -

3.583
2.000°
3.808

$.487
3.251
2.809
3.608
8.284
3.190@
B.999
3.058
¢.00¢

4.579

9.089
3.078

9.909 .
- 3.18T
9.098

3.800
- 9.661

3.470.

3.0080°
- 0.746"

3.008
3.788
3.0600
8.452

AX-1-9
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-GLIDIK,PLANHED PRONOJIGO DAM + K.REJALT+@.46 + 1.9 dersre

JUNE

3.222°

3.400

8.311
3.600
0.858
3.4698
.8.493

.3.168 -

8.009
3.990
9.943

3,345

-3.800
3.459

.@8.888 -
. 3.900

9.688

©3.008 3

8.550
3.000
6.836

f.04949
3.060

- 9.159 -

3.4821
2.9020
3.900
2.248
3,372
0.980
"3.345
.899
3,880
#.238

3.381 .

0.989
3.009
‘8.451

2.454 -

. 9.099
2.009

9.308

4.240
8.90e

-3.9989 -

8.296
3.089

3.609

3.887
8.992
3.008
-3.979
3.809
8.473
3.¢ee
9.846

3.442

8.958 :
8.157 "

JULY
3.000

8.095°

3.r00
a.228
3.589

3.009
Q.448

4.182°
0.000"
3.046
3.446°

AUG.,

3,000

9.369
3.080
B.127
3.962

3.080-

9.341

4.269
0.980
3.362

3.238°

- 9.090
© 3415

@.0900

‘2.985

1.000
3.832
B.080

. 3.9e0’

8.785

3.255°

8.969
3.000
8.834 -
3.000
8.249
3.699
2.839
4.683

9.909 .
" 3.988
. B.224

3.800
@.21!
3.000

- 8.142
'2.929

1.089
3.698
8.998
3.088
9.402
3.354

2.0808 .
2.858 -

1.200

- 3,960

8.726

3.778°

9.48@

"32,811
© g.909
.2.86¢

1.682
3.21¢
@.098
2.784
f.0080

3EP.

3.000
9.764
3.006

2.257.

4.238
0.0800
3.008

8.396 -
4.431-

a.4900
3.3562

3.122
a.899
3.199

@.04
» U -

2.774

1.00@

3.000
8.99049
2.881
1.999

3,266 .

9.900
2.848

1.00@
3.000

8.433
2.898
1.090
4.942
f.8842
3.088
8.477
3.004
9.281
3.848
g.019
2.558
1.808
3.783
9.330
3.0929
g.198
2.287
p.848
1.8832
2.249
§.0908
4.19¢

g.aee

3.488 -

2.714

1.09¢

2.287.

g.288
2.458
1.029

ocT.

2,998
1.008"
3.
9.
4.
2.
3.
9.
4,
4.908
3.412°
0.
3.000
0.126
3,985
8.
2,532
1.
a.
0.
2,
I
3.
8.
2,
1.
3.
9.
2,
5.
4.
8.
- 3.
0.
3.
8.
3.
2.
2.
1.
3.
8.
3.
9,
3.
0.
2.
1.
2,
i.
4.
2.
.99
.98
.288
.974
.279
.289

) D WS L) SR W

‘444

356
aae
0ge
381
136

"
7

069
209
822

740

096
861
0da

618

009

840
161 -

671
609
67!
aea
L1}
571

p9e’

424
202
aee

199

eas
925
299
729
269
482
809
86z
299
€53
225

i28

.338

NOv,

2.918

1,000
3.000
8.419
4.210
9.080
3.000
%.395
3.815

9.99@ .
3.275
8.090 -

3.008
9.230
3.000
0.192

2.328

1:909
3.000
0.248

2.683 -

1.0080

3.701
8.099

2.67¢
1.990
3.156
0.809
2.481

1.800

4.55€

‘9.809
©3.900

8.729
3.808

9.291
3.499 .
8.837

z2.182

1.899-
3.248
2.889°

4,202
2.90e
3,788
9.808
3. 800
8.367
2.433

. 1.892
177 -

4.597

%.909
- 3,839
_B.90€

3.008e

8.837

3.224
0.0649
1.971

1.220

DEC.

2.995%
1.988
3.000
. 9.195
4,101
8.0q0
3.980

. @.196

2.387
8.980
3.245
.09
3.809
9.275
3.088
8.398
2.292
1.000
3.808
- 9.241
2,866
1.908
3.693
9.280
2.712
1.908
3.443
4.290
2.692
1.390
4.326
2.208
3.009
8.636
3.000
2.14a
3.400
8.82!
2,198
1.388
3.955
8.999
4.678
0.099
3.35!
3.920
2,088
2.948
2.377
1,028
4.373
2.999
3.202
2.879
3.202
-2.587
3.195
0.09¢
1.025
1.233

it-ilGt"#'#iiiiii*lli"!t#l‘ilii’i"l!ililtliOililii#iiil
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TOTAL
38.625

36.000

42,501
38.971

43,111

37.992
39.020
37.989
33,911

34,987
36.073

39.682

.355513 .

36.556

37.416 .

45.987
41,834
36.2%80
3I7.TLT
33.9:%
41219
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YEAR JAN.
1953 2.534
4.200
1954 . 3.008
B.779
|95 3.809
3.938
1655 3.859
8,292
1957 3.009
B.157
1958 3.161
3.229
1as0 3,278
3,899
19680 3,209
£.134
195! 3.880
3.3t4
1962 32.4060
‘2.900
163 3.01%
2.099
toR4 3,004
#.954
1865 3.725
B, 209
los6 3,908
2.08%
1967 3.630
9.909
1963 3.008
2,008
1969 4,168
?.04e
197n 3.800
8.994
197 3.986
9.999
1072 3,090
2.088
1973 3.080
2,089
L1974 3,917
9.0280
1975 4,347
9.200
1976 3.8@7
@, 040
1977 3.369
a.200
1973 3,080
2,499
1979 4,!5!
2.00%
1968 3.083
9,104
19¢1 3.000
@.543
1982 3,38%
2,420

FEB,

3,524
a.e20
3.2a0
B.615
3.837
4.080
3.721
9.240
3.02029
8.249
3.863
f.39%
3.425
2.094
3.000
B.877
3.006¢
0.284
3.890
2,809
3.833
9.92949
3.008
2.748
3.535
9.020
3.000
$.818
3,796
2.600
3.899
¢.927
4.068
2.090

3.000

7,558
3.183
8.208@
3.082
2.%88
3.809
2.000
3.854
8,699
4.813
5,899
3.699
0.92482
3.3234
?.290
3.0880

HAR.

3.832
2.000
3.008
2.644
3.088
9.809
3.431
2,200
3,282
B.029
3.876
2.899
3.3%0
B.2499
3,204
2.809
3.0802
@.264
3.000
2.99%9

4.734
9.009
3.5949
0.004d
3.3238
9.20Q
3.000
2,009
3.728
8.200
3.000
B.456
3.808
#.6286
3.Bea
2,023

APR,

3.455
2,890
3.0080
B.4983
3.0680
8.229
3.0680
2.0082
3.367
2,800
3.0088
8,029
3.353
8.000
3.188
2.900
3,800
%.348
J.000
9.3894
3.396
9,809
3.08¢
9,169
3,271
2.800
3.088
2,298
3.444
7,880
3.000
8.348
3.929
0,008
3.008
8.559
3.027
@.000
3.800
8.248
3.080
8,186
3.382
g.0a0
4.672
0.999
3.483
9.200
3.332
B.00%
3.000
2,008
3.586
9.0200
3.000
B.598
3.000
@a.719
3.008

9.284

HAY

3.448
9.008
3.800
.47l
3.0049
B.401
3.088
8,233
3.294
2.000@
3.889
2.219
3.417
9.000
3,137
8.008@
3.200
B.422
3.000
8,733
3.179
3.008
3.352
B.00@
3.816
8.998@
3,000
2.913
3.132
B.080@
3.158
0.090
3.583
%.009
3.008
0.487
3.251
3.808
3.0802
B.284
3.1980
8.000
3.858
0.609
4.579
@.204
3.878
0,890
3.187
a.009
3.000
9.661
3.4789
2.089
3,000
@.746
3.088
B.788
3.0092
0.4582

JUNE

3,222
6.008
3.008
g.31!
3,000
0.958
3.009
@493
3,163
7.280
3.980
9.243
3.345
0.220
3.450
2.409
3,078
8.6a0
3.080
e.558
3.000
#.035
3.442
B.289
3.000
9.159
3.82!
B.009
3.000
6.248
3.372
9.909
3.345
L
3,000
0.230
3.381
8.990
3.000
9.451
3,454
2.000
3,000
0.308
4.248
¢.0a@
3.200
9.296
3.009
7.856
3.000
B, 157
3,887
0.020
3.908
2.979
3.000
B.473
3.000
8.545

AX-1-10

JULY

3.009
9.095
3.000
B.228
3.589
2,080
3,000
2.449
4,152
9.9989
3,048
2.009
3,448
2.094
3.382
@.000
3.E69
B.761
J.068
2.194
3.002
B.40%
3. 429
9,009
3.008
9.471
3,080
B.124
3.000
B.517
4,308
8,002
3.82t
@.a080
3.6809
8,129
3,332
2.008
3.900
B.714
3.723
@.naa
3.000
3.875
3.783
G.06a6
3.000
8.739
3.689
2.313
3.354
B.909

- 3.792

a.aen
3.000
2,809
3,008
B.875
3,090
0.387

AUG.

3.800
8.36%9
3.000
B.t27
3.862
8.08@
3.0840
8,344
4,269
9.90549
3.362
9.9089
3.238
2.99@
3.415
h.g0a
3.00a@
Z2.9008
3.832
p.0aa
3.000
2.785
3.255
0.0490
3.0089
9.834
3.004
8.249
3.000
9.839
4.603
B.60@
3.000
0.224
3.6000
a.211
3.080
@.142
3.p00
2.900
3.696
8.0089
3.000
B.402
3,354
B.000
3.00@
2.309
3.2689
8.728
3.778
@.460
3.811
9,889
3.000
2.009
3,218
2.299
3.008
2.094

R Y T S 1 A L LA R R A R R L R R R LA Rl

BASE FLOW DISCHARGE (K.GLIDIK,PLAMNED PROROJIW

114"Qaigk#l**tktﬂ-tt?#*1¥*ti##t*l**t*t*t#t**F#'t#*!#**iﬁtt*t%il***

SEP.

3.000
@.764
3.000
B.257
4,238
0.009
3.000
@.396
4,431
2.020
3.352
B.0809
3,122
2.208
3,199
B.009
3,809
2.900
3.000
7.809

QCcT.

3.000
2.044
3.2880
8.444
4,356
3.0928
3.000
2.381
4,135
@.099
3.412

2.090 -

3,000
9,128
3.095
@.290
3.0080
2.098
2,908
B.922
3.000
2.000
3.561
@.009

. 3.2090

2.000
3.008
9.1861
3.00@
2.008
4,871
8.0aa
3.00809
@.57!
3.60¢
0.424
3.202
3.000
3.000
2.099
3.925
6.008
3.728
8.200
3,488
0,926
3.009
2.829
3.00a
2.9488
4.477
B.8G0
3.899
0.ao0a
3.000
@.874
3.279
?.899
3.208
2.998

NOY.

3.000
2.008
3,000
#.,419
4,218
.a08
.oen
395
615
L0090
V275
. 609
.a0a
230
Laea
.19z
.29
280
908
B,248
J.0a8
2.009
3.701
9.008
3.000
2.008
3.156
@.009
3,009
2.009
4,556
B.000
3.000
B.729
3.008@
8.291
3.000
0.437
3.0¢0
2,080
3.248

WNW WSS WIwusws

B.969.

4,202
6,000
3.700
f,009
3.068
9.367
3.200
2.209
4,587
2.009
3.839
2.084
3.098
2.837
3.224
6,968
2,971
2.999

DEC.

3.0889
2,209
J.e8e
2.195
4,101
L0006
.09
. 196
. 387
.999
L 245
.A08
L2009
V275
.000
.398
.208
Ba9
L0898
281
Bag

.009
623

209
ana
.880
443
209
Aan
.209
328
.20@
.606
.B36
LBea
.148

s 4w

821
20d
.009
. 955
.99
.B78
.aea
851
0oa
.000
.46
boa
.00
373
.a6a
000
72

P R A TS TAN NN TAY- RN N Y- S T TR R R SWNWLUSOIWR WIS

WSESUSEANLDS WS WS

Q.687
3.195
9.000
2,925
2,899

.eoae

FERFTRREFAEAEREAA AR R AL LS

0 DAN + K.REJALI*B .46+ 2.8 »rrtsex
FAEERKREREE R EA AT bR FF R R LR R AR L LR R RS

TOTAL
38,719
36.0089
42 88!
38.871
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Table- _ Discharge - Duration (‘4 _
[ 1Ol @l ] ®] 6 | 6
Duration|K.Glidik [R.Rejali | (D) + &) @) + ® : o T
. - 0--453!@ (1m /s) (2m /s)
1 4.126 1.9686 5.925 4,942 4.942 4.942
2 4,117 1,928 5,757 4.871 4,871 4. 877
3 1.104 1.852 5.731, 4.847 4.847 ﬁ.sd
.4 4,094 1.821 5,619 4.813 4.813 ,.51§
S 4.064 1.741 5.603 | 4.734 4,734 4.738
6 4,044 1.786 5.555 4.678 4.678 4 18
7 . 4.839 1.657 5.520 4.672 4.672 4. gna
N 4,082 1,657 5,416 4,603 4.603 4:803
.9 3,979 1.653 5.349 4.579 4.579 ﬁ 579
10 3.945 1.648 .5.307 4.556 4;§§$ i.556
1t 3.931 1.637 5.257 . | 4.507 4.ou7 4.o07
12 3.916 1,636 | 5.239 4,477 4.47i 4477
13 2751 1.827 5,214 4.431 4.433 1.431
14 3.743 1.624 5.209 4.373 2.356 4.373
i L isre | sider. | 4.3 4.320 4320
i 3,705 7 081 . | 4, .3 328
1$ 3.689 1.556 | 5.@77 4.308 z.ggg 2.§gg
18 3.686 1.554 5,061 4.269 4,269 4.269
19 3.631 1.550 5.061 4.2480. 240 4.248
20 3.578 1.527 5,059 4.238 i'%;g 1.238
21 .5654 1.497 4,979 4.210 4.218 4.219
22 3.535 1.493 4.811 4.235 4.202 4.202
.23 3.523 1.481 4.876 i'iés 4.189 4.198
24 3.487 1.456 | - 4.834 . 168 4.168 4.168
- 25 3.485 1.436 4.823 4,152 1. 152 4.152
.26 3.468 - | 1.425 4,822 4,151 4.181 foint
27 .3.454. 1.414 4.813 4.135 4.132 4132
28 3.421 | i.488 4,808 3'%25 4.101 feiel
29 3,418 1.398 4,808 969 §-ef ere
3t 3.355 i.3 799 962 3.962 962
32 3.342 | 1.395 4.748 3.952 g.gig 3,52%
3 .3.333 1.391 4.684 3.949 3.913 3,949
34 3.333 1,377 4.678 3.929 3.929 2.229
35 '3.317 1.376 4.875 3.929 3.92¢ 3.52%
36 3,314 1.374 1.875 3’5%? 2825 3.229
37 . 3.286 1.372 . 4'??@ 3.587 3917 2.9
] 3567 e | ales 3 856 3.858 | 3.859
n S 11363 et | 2ieei 3.851. | 3.8%:
A 3.244 | 1.363 4 20l 2.811 '3.811 261
42 3.229 1.353. | 4.803 2.81 3o SEis
N 3.219 1.336 4.571 3”7a5 5 o 3501
ol gme L 1ss ol ne | B | s | 3
SrA ISt BRSNS S I i
.48 S Lo 1328 e 3.783 3.782 | z.78&%
AT 3.177 1,327, 4.484 3780 A 3783
48 3,173 1.323 4.46é 3,;29 3.178 =i
49 .| '3.172 1.318 4.433 I o R Fe
58 ' 3.164 1.319 4.433 3.72 : 3.
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Table-~ Discharge - Duration (’l-/%)
Duration|K.G1idik |K.Rejali| @) + @) @ > . v . +
1 N 0. 46:;(_”‘1 (lm /s) (2m /s)
51 3.153 1,383 T 4419 3. 725 3%725 3. 72r,_
B2 3150 1,302 4.372° 3.723 3.723 3.723
53 3:134 1,30 4,364 | 3.721 3.020 ) 3:721
el 2,015 1.300 4,361 } 3.781 -| . 3.78! 3. 781
65 3.185 1,293 4.359° 3.7808 |  3.700 3.786.
56 3,183 1,294 4,353 3.689 | 3.699 3,609
X 2,182 | 1,285 . 4.336 3.696 3.696 '3.696 .
58 3,998 |- 1.280 4,320 3.693 | 3,693 | 3.643
54 3.895 1.273 . 4.318 3.663 . 37663 | .3.663"
60 3.090 1.278 4,281 3.630 3,638 | 3.636:
51 3,999 . f 1.267 4.274 ' 3.618 3.618 ‘g.6i8
G2 3.068 '1.261 4.264 ' 3.615 3,615 3,615
E 3.250 | 1.257 | 4.26! 3.590 3.590 | 3:599
f 4 .3.853 1.256 | 4.218 3.569 3,589 | 3.58%
30 3.853 1.255 4.208 3.586 3.586 | 3.566
66 3.9036 . 1.251 4.205 3.583 3.583 | '3.582.
67 3.021 | 1.240 4.192 3.561 3.561 3.561
68 3.918 | 1.237 4.179. 3.535 3.535 3.535
59 3.008 | 1.235 . 4.168. 3.534 | 3:534 3.534°
79 3.002 1.229 4.168 3.532 3.532 | ..3.532
Tl S 2.991° 1,227 4.167 - | 3.924 3.524 ~3.524"
72 2.991 1.226 . | 4.164 3.480 3.488 | . 3.480 -
73 2,977 |- 1.22¢ - | 4.160 3. 480 3.480 3.489"
74 2.969 t.217 1. 4.149 3.479 |- 3.479 3.479 .
75 2.969 1.218 4.134 3.455 3.455 3.45%
76 2.967 | 1.214 4.111 3.454 - | 3.454 3,454
77 2,958 1.197 4,199 3.450 | 3.450 3.450
78 2,955 1.194 4,105 3.448 3.448 | 3.448
79 2.954 {. 1.192 4,184 3.446 .| 3.448 3. 446
508 2,850 1.189 4.098 -1 3,444 3.444 |- 3,444
81 Z2.94@ 1,188 4.080@ ‘3,443 3.443 3,443
32 2,936 1.186 ~ | 4.979 3. 442 3,442 .} 3,442
5 2.928 | 1.184 4.079 3.431 . 3.431° | - 3,431
84 2.923 1.182 4,874 3.425 13,425 |' 3,425
85 2.906 1,178 | 4.064 3.420 3.420 | 3.420
86 2.900 §.1.178 4.859 3.417 | 3.417 ] 3.417.
a7 | 2.08a | v.176 | 4.059 3.415 | 3.415 | 3.415-
- 88 2.898 1.172 4,953 3.414 - 3.414 - 3.414:
69 2.884 1.167 | 4.835 | 3.412 3.412 3.412°
o | =2.884 1.166. 4,834 3,403 3.403 3,403
91 2.883 1.164 - 4.0633 |- 3.398 3,306 . | 3.306".
a2 2.878 1,158 4,832 |. 3.395 |. 3.395 3,395
‘93 2.873 1,158 | 4.832 | 3.392. | 3:392 3,392
94 2.871 1,155 4.831 3.390 3,300 3390 |
95 2.864 | 1.154, 4.021 3.387 '3.387 - | 3.387.
96 2.853 | 1.(52 4,820 | 3.381 3.881 | 3.381:
97 |- 2.853 |- 1.151 4.018 | 3.372 | 3.3712 .| 3.372:
a8 2.852 |. 1.15@ 4,003 3.369 3.369 '3.369 -
99 2.846 1.147 3.997 3.367 3.367. | 3.3567:
199 2.845 b.148 3.982 | 3.362 3.362 | 3.362 -
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Table-

Discharge - Duration (3/2)

® ©), ® @ ® ®
Duration| K.Glidik K.Rejali (:) + (g) (:) + (:) + (:).+
- ] 0.46x(] m/e) | 2m®/s)
et 2.842 1,143 3.990 3.362 3.362 | - 3.362
102 2.841 i.141 3,996 3.358 3.358 3.358
183 2.841 1,149 3.975 3.364 3.354 3,354
£04 2.830 |.1.1386 3.973 3.354 3.354 3., 354
185 |- 2.827 1,132 3.961 3.352 3.352 3.352
196 2.826 1.132 .3.952 3.352 3.352 3.352
187 2.818 1.126 3.951 3.345 3.345 | 3.345
108 2.816 1.125 - 3.947 3.345 3.345 3.345 .
169 2.811 1.123 3.931 3.334 3.334 3.334
118 2.809 1,123 3.93@ | 3.332 3.332 3,332
111 2.808 1.119 3.917 3.332 :3.332 3.332 .
112 '2.804 1.118 3.982 3.330 3.330 3.338.
- 113 2.799 1.118 3.901 3.294 | 3.204 | 3.294
114 2.789 1,116 3.893 -3, 292 3.292 2.292 .
115 2.786 1.116 3.873 3.287 3.287 3.257
116 2.785 | 1.142 3.872 3.287 3.287 "3.287
117 2.775 1111 a.870 3,279 3.279 3.27¢
118 2.774 1.1i@ . 3.868 - 3.278 3.278 S BLEYE
119 . 2,773 1.11@ 3.858 3.275 3.27% 3,075
120 |. 2.761 1.189 3.858 3.275. 3.275 3.27%
121 2.755 1.102 3.855 3.271 3.271¢ 3.271
122 2,753 1.1p2 3.851 3;26@ 3.268 3.06E
123 2.748 1,999 3.844 | 3.255 3,956 3,255
124 . 2.748 '1.888 3.839 3,251 3.254 2.26;
125 2.747 1.887 3.836 3.245 3.245 3.24%
128 2. 746 1.083 3.833 3.245 3.245 2,745
127 | 2,740 1.082 3.828 3.238 3.238 2.058
o l2s 2.737 1.881 3.824 2.226 2.226 3,206
129 | 2,737 t. 080 3.795 3.224 3.224 3,224
130 2.734 1.p8@ 3,729 3.222. 2,222 2,720
138 2:732 1.979 3.781 - 3.21@ CH.21% 2,219
132 | 2.723. | 1,079 3.768- 3.204 2.204 B R84
123 | 207937 |.878 3.779 3.202 3.2z 3.2
134’ 2,719 1.878 3,748 3.19¢ 3,196 3,189
135. | 2,718 1.978 3.736 3.195% 2,195 T
136 2.717 1.076 3.729 3.193 3,165 T, 18
137 2.789. 1,875 3.7i9 |- 3.190 - | =.i98 2. 142
138 2,705 17075 3.714 3.188 z.18¢ Z. 188
199 2.785 1,871 3.697 | 3.187" 3.137 ERNE
- 148 2.697 l.e7e 3.696 3.179 3,179 .78
i1 | -2.681 . 1.969 3,668 3.168 3.168 3008
142 " { 2,680 1.867 3,688 | 3.16! 3. 161 2,161
142 5. 678 1.066 3.677 | 3.156 2.156 LiE8
144 2.668 1.866 3.668 3.156 3.155 3,456
. 145 2,668 . 1.859 3.658 | 3.137 2.137 5137
148 2.642 1,857 3.656 [ 2.132 3,132 ERcia
147 2.635 1.054 3.652 { '3.122 5.122 3,127
148 2.619 1.047 3.64! 3,899 3. 89¢ . 2es
149 2.607 1.047 3.631 3.085 3.06% 3.88%
156 2,606 1.946 3.616° 3.87¢ 3.878 3.875
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Tab1e~

Discharge - Duration (/)

S,

Yo

@

.‘I"

®

buration|K.G1idik [K.Rejali | D+ @ O + | @ ¥ @ *
: C . , 0.46x (lm /s) (2m /s)
{51 2.604 1.845 " 3.616. | 3:@76 | 3.876 3.076
152 2,595 1,044 3.599 3.863 3.863 2, BG3
153 2,592 1.049 3.595 3.060 3.860 3.850
154 2,581 1.835 3.586 3.058 3.a58 2855
P35 2,589 1.831 3.578 3,846 . 946 2,045
A 2.581 1,830 3.574 3.839 3 839 | . 3.832.
57 2,575 1.929 3,573 3.837 3.837 3,937
158 2575 1.028 3.573 3.833 3.033 3.823
169 2.675% 1.027 3.573 3.837 3.822 3.832
18 2,559 1.926° 3.554 3.827 3.827 3,027
1931 7. 557 1.825 3.537 3.821 3.021 F.82¢
e 2.549 1.825 3,535 3.021 3.82: a2.e2t
RpR 2.549 1,828 3.53% 3.019 3.819 3,219
1G4 2,549 . L. 824 '3.527 3.816 3.816 2.816 .
100 2,545 L.024 3.52] 3.098 © 3.928 3,888
155 2.543 1.020 3.517 | 3.p85 .| 3.5 | 3.8@%
167 2.537° | t.018 3,515 3.000 | 3.000 3.009
138 2.537 1.014 3.515 3.008 3.000 3.088
169 2,537 L.el4 3.512 . 2.987 3.000. 3.0990
170 - 2,536 1,011 3.511 2.981. .| 23.0088 3.000
17 2.528 1,986 3.499 2,980 3.000 3,809
172 2.527 {.086 3.499 2.979 3.000 3.00¢
173 2.522 1.005 3.498. 2.978 3.000 3.29¢8
174 2.521 1,985 . 3.497 2.977 3.800 | 3.ete
175 2.5084 1.900 3.495 2.965 3.000 3.0809
176 2.508 2.999 .| 3.494 2,964 3.000 3.800
177 2.493 | 8.999 ' 3.486 2,964 3.000 3.000
178 2.492 8.996 3.485 2,957 © 3.888 | 3.808
179 2,485 9.995 3.482 2.954 3.000 3.000
138 2.480 9.994 3.477 2,951 3,000 © 3.000
181 2,479 .994 | 3.458 .| 2,944 ©3.800. 3.900
182 2.478 8.991! . ‘3,449 |- 2.942 3.000 3,008
183 2,476 #.989 3.449 . 2.925 . 3,000 3.000
184 2.467 9.988 . 3.448 2,924 3.000 3.000
Las 2,454 B .986 3.443 | 2.923 '3.8088. 3.00@
186 2,453 #.985 "3.442 2.921 . 3.080 .3.000
187 2.447 8.982 3.441 2.912 3.868 | 3.000:
188 2.436 ?.988 3.435 . 2,995 1 3.800 3.0a0
189 2.433 #.979 | 3:421 | 2.806 | 3.00@- 3,000
190 2.430 8.976 - |- 3.428 | 2,896 .3.008" 3.000
191 2,415 | 8.974 3.417 1 2.876 - |} 3.000 | 3.000
192 2,486 8.974 3.414 2,874 ] 3.908 “{ 3.000
193 - 2.486 9.971 " 3.412 2,873 3.000 | -3.000
194 2,404 .978 | 3.411 2.:871 3,000 | 3.000
195 2.482 2.969 ‘1 3.489° 2.866 3.p09 | 3.p00
19G 2.498 a.967 -3.398 | 2.860 3.000. -3.008
197 2.397 8.967 | 3.397 | 2.858 3.000 3.800
198 2.395 B.964 3,382 | '2.843 3.000 3.000
199 2.300 8.962 3.373 | 2.843 3.909 3.909
208 2.390 #.961 ' 3.338 2.841 ;

3,000
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Table-

Discharge - Duration (s/8)

® ©) ® | ©® ® ®

Duration|X.Glidik [K.Rejali | @) + @) @) + @+ [@+
' 0.46x (1n3/s). | (2n%/8)
201 2.385 8.961 3.337 | 2.839 3.000 3.000
202 2.383 8.96! 3.325 | 2.832 3.000 3.000
203 2.375 8.959 3.325% 2.808 - 3.000 3.900
204 2.374 8.957 3.325 2.805 3.000 3.p00
205 2.372 @, 957 3.318 2.804 3.000 3.000
- 206 2.369 8.954 . 3.311 | 2.604 3.000 | 3.990
207 2.365 9.953 3.385 | 2.804 3.000 .3.9000
208 2.360 B.953 3.301 2.799 3.900 3.000
- 289 2.357 ®.943 3,291 2.789 3.000 3.890 -
210 2.355 0.941° 3.290 2.781 3.000 .3:p00
211 2.353 @.94@ 3.280 2.776 3,008 3.000
L2112 2,351 3.940 3.262 2.772 3.098 3. 000
213 2.337. 8.936 3.258 2.771 3.009 3.000
214 2,334 | 0.935 3.257 | 2.778 3.0089 3.000
215 2.333 2.934 3,248 2.770 3,009 3.890
216 2.332 8.934 3.248 2.770 3.008 3.000
217 2.334 0.933 3.244 2.767 3.000 | 3.900
218 2.326 0.931 3.243 2,760 3.808 - | . 3.p0@
218 . 2.319 0.924 3.239 2.752 3.008 3.000
22 2,318 8.92¢ - 3.230 2.752 3.800 3.000
. 221 2.314 2.909 3.216 2.752 3.000 3.000
222 2.313 0.908 3.214 2.743 3.000 3.008°
223 2.394 @.9e7 3.212 2.736 3.090 3.000
24 2.298 8.905 3.2068 2.725 |- 3.e00 3.000
225 2,297 ®:898 3.206 {-2.719 3.000 3.000
276 - 2.296 0.896 3.206 2.716 3.000 . 3. 000
227 2.295 8,891 3.200 2.716 3.000 3.000 -
228 2.293 e .890 '3.196 2:716° 3.000 3.900
229 2,291 | 0.890 3.195 2.710 3.0060 3.000
238 2.279 | v.886 3.195 | 2.7e¢ ©3.000 3.088
231 2.278 '0.885 3.187 2,704 3.009 3.900 .
232 2.264 8.883 3.178 2.692 3.000 3.000
233 2.262 @.383 3.174 2.689 3.200 3,028
234 2.257 8,381 '3.172 | 2.687 3.600 . 3.008
220G 2,265 .8€0 3.185 | 2.686 3.089 3.9989
236 2.25] 8.878 3.141. '] 2.659 - 3.000 3,060
- 257 2,251 B.874 3.137 2.654 3.980 3.008"
- 238 2,249 8.874 3.129 2.653 3.000, 2,200
239 7.246 2.873 3.121 2,633 | 3.008 3.089
240 2.244 B.873 .3.118 2.631 2.000 3.820
241 2,241 8.872 3.112 2.619 3.099 3.909@
242 | 2.224 0.871 3,897 2.605" 3,900 3.000
243 2.222 .867 3.286 | 2.604 3.000 3.048
244 2.219 8 .866 3.873 2.662 3.000 3,006
245 2,212 9 .866 3.069 7 .600 3.000 3.000
. 246 2.289 '8.865 3,064 2.599 3.000 3.o00
47 2.997 0.365 3,064 2.598 3.002 3.000
‘248 2,207 8.865 | 3.856 | 2.595 3.000 3.608
249 12,202 9.864 .| 3:952 | 2,593 3.000 3.080
" 250 2.200 B.862 3.045 | 2,581 3.000 . e0@
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Table~

Dl,scha,rge ~ Duration Uo /%)

Duration]k.Glidik |X.Rejali @ s @ ® + . : . +
| - 0.46x(2) (lm /s) (2m /s)
251 2,199 ®.862 3. 849 2.578 3.000 3.@@@
a5z 2.197 2.858 3.025 2.576 3.000 3.0089
263 2.181 @.858 3,024 2,567 3.00@ 3.040
254 2,176 8. 853 3.82) 2.560 3.098 3.800
255 2,178 9.0858 3.929 2.558 3.809 2.09¢
256 2.163 @.858 3,087 2.548 | 3.89¢ 3.000
. 257 2,145 8.359 3.086 2.548. |- 3.8802. 3.800
758 2.:136 8.849 2.996 2.544 3. 000 2,880,
259 2,134 2,848 2.975 2.529 3,000 2,009
269 2,131 2,848 2.969 2.%29 3:000 2.0068
261 2. 130 9. 847 2.068 2.527 3.000 3.0800
262 2.118 8.845 ] 2.950 2.523 3.000 3.069
283 2.164 B.584@ 2.950 2.507 3.2a9 3.800
264 2.885 2. 834 2.945 2.582 3.008 3.882
. 265 2,078 '9.832 2.931° 2.581 3.000 13,998 .
266 2.062 #.831 - 2,922 2.483 3.000 3.820-
267 - 2.98861 %.829 - | .2.906 2.465 3.009 5.088
268 2,951 8.827 2,982, 2.458 .3.000 3.080
269 2.948 8.824 - 2.981 2.459 3.000 3.88¢
270 2.041 9.821 . 2,891 2.442 3.000 3.002
271 2.821t 2.821 2.886 - | 2.429 3.000 3.082
272 2.018 | @8.817 2.882 2.425 3.000 |- 3.000
273 2.908 2.814 2.87% 2.414 3.800 3.099
274 2.907 8.812 2.863 | 2.401 :3..080 3.200 .
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298 1.851 .| @.728 2,615 |} 2,221 3,000 2.000":
299 1.818 B.725 2.586. 2.215 3.0008 3.009
300 1.818 0.721 -2.575 2.182 3.000 3.000
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Establishment of a small-scale hydro~-power plant has been
planned as an energy dissipator of irrigation water, attendant
on the sabo/irrigation water plan at piedmonts of Mt. Semeru.
This rebort was prepared in order to offer fundamental material
to benefit calculation of construction of small-scale
hydro-power plant.

1. PRECONDITIONS

1.1 POWER SYSTEM IN THE WESTERN PART OF JAVA ISLAND

The central city in the western part of Java Island is
Surabaya. A greater portion of the power demand in the said

-area is concentrated on this city.

Power plants in the western Java district as of 1976 are as

follows:

Hydfo Power _ 147.84
Steam Power 50.0
Gag Turbine 27.5 97.68
Diesel 20.18

Potal 248.52 MW

As shown above, hydro power and steam power account for 60% and
40% respectively of the total power output. Later, Gresik Gas
No. 1 and No. 2 (60 MW x 2) as well as No. 2 and No. 4 were put
in operation, which suggests that a greater importance has been
placed on thermal power. These thermal plants are concentrated
in Surabaya, the biggest consumer of power in the district,
vhere 70_KV §owér~transmissi0n lines are connected between the
city and the plants. Figure-l shows a power transmission
system in the western part of Java. It shows.that the
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Leprak-hydro power plant covered by this investigation is
located near the substation in Lumajang (30/6 KV, 3 MVA x 1)
which receives power from the Proboungds Substation through 30
KV transmission wire (ACSR i/o...i,0 eguivalent to 40 mm?) as

long as some 40 km.

The Leprak hydro power plant has beén planned so that it'may=be
connected to the 30 KV system starting from Lumajang to Leoes
and ending at Probounggo forming a T-shape branch nearby
Lumajang. - In other words, the Leprak-hydro powef'plént stands
parallel with the newly established Surabava thermal-power
plants by way of 30 KV and 70 KV transmission 1ineé.

Therefore, a substitutional power Suppiy facility necessary for
a benefit calculation, shall be supposed to use a new 100 MW
class thermal-power plant, to be constructed in the Surabaya

area in near future.
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Fig.-1 DPower Transmission System in the Western
Part of Java
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1.2 CONDITIONS OF TENTATIVE PLAN FOR HYDRO POWER PLANT

a) Hydrological redgime:

The hydfological regime figures of basic flow of three
cases, which were used in the irrigation plan, shall

be used.

Fig.-2 shows a water use system drawing and Fig.-3
shows a hydrological regime drawing.

b} Effective head: 90 m in each case

¢) Discharge:

The optimal scale shall be found by changing the
maximum use water quantity upto 2.0 - 5'm /sec. on the
basis of hydrological regime figures of three cases,

mentioned above,

Case 1: K. Glidik + K. Rejali x 0.46

Case 2: K. Glidik + K. Rejali x 0.46 + 1.0

Case 3: K. Glidik + K. Rejali x 0.46 + 2.0
1.3 Exchange Rate
The construction cost, overhead expenses and fuel cost are-
based on the U.S. dollarT The current 1982 exchange rate was

used.

1US$ = 650 Rp = 240 Yen
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(@ Base Flow

Base Flow

Diversion

..' (:)x0.46

Groundwater 3
Case-1 0.0 m3/
€ Case-2 1.0 ma/

Case-3 2.0 m“/s

K.Glidik
K.Rejali
Case-1........ K.Glidik + K.Rejali x 0.46
' Case-2....... . K.Glidik + K.Rejali x 0.46 31.0
(with supply of Max.l.o_m /s Groundwater)
Case-3........ X.Glidik + K.Rejali X 0.46,+ 2.0

(with supply of Max. 2.0 m°/s Groundwater)

Fig.-2 . Water Use System
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2, TENTATIVE PLAN FOR HYDRO POWER PLANT

2.1 SYSTEM OF POWER GENERATION

On the basis of the judgement that dam construction is
impossible in view of topographical and geological features in
the K. Leprak area, power generation shall be made by using the
water flow-in method. The unit cost of constructlon power

generated energy at the planned site was found by placing the
target cost on 200 Yen/KWH,

2.2 ASSESSMENT OF OUTPUT AND MAXIMUM ELECTRIC ENERGY

a) Assessment of maximum electric energy was found by using
the following formula:

P=gxQxHe xn (1)

o=/
i

Where, Maximum output energy (KW)

g = Acceleration of gravity (m/secz)

Q0 = Maximum water use volume (m3/s)

He = Efficient head (m)

n = Synthetic efficiency of hydraulic turbine

(n = 0.84 at this time)

Synthetic efficiency of hydraulic turbine grows higher in
proportion to the scale of turbine, but normally the value

of n = 0.84 is used in the tentative plan.

b) Calculation of Annual Available Generated Energy

The annual available generated energy was calculated using
the following formula, however, since the basic flow for
irrigation was used as discharge data, the river
malntenance dlscharge {0 tc 0.5 m /sec per 100 km } is

not taken into consideration.



Where,
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8,760 x p X & X B ‘ {2)

&=
i

Yearly generated electric energy
(KWH) '
P = Maximum output (KW)

o = Coefficient to be found by formula

g = Coefficient in view of effjciency
deterioration: 0.9 but 1.0 was used
at this time because the hydrological

regime figure is flat,

(Acreage equivalent to river)
maintenance discharge)

{Acreage abceb)
' (Acreage abed)

Discharge utilization ratio by the facility
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Findings of the Calculation

The hydrological regime curve that was used for the
calculation of the discharge utilization ratio is shown in
Fig.~4. The discharge utilization ratio hy facility and
the river utilization ratio are shown in Table-l. The
relationship between the maximum water use guantity and the
discharge utilization ratioc is shown in Fig.-5.

The maximum output and the annual available genérated
enerqy calcuiated by using the above data is shown in
Table-2. The relationship between the water use guantity
in each case. is shown in Fig.-6, which tells that the
inéréase rate of annual available generated energy hits
highest in the maximum water use guantity ranging from 2.5
to 3.5 mg/sec. It is, therefore, considered that the
optimal scale of a hydro power plant falls within the above
range. '
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Discharge Utilization Ratio by Facility

o .
#] 1.0 2.0 3.0 4.0 5.0
Maximum Water Use Quantity
Fig. - 5 Relationship between Maximum Water Use and

Discharge Utilization Ratio by Facility
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Maximum Output & Annual Potential Power Output

Effective Maximum Max imum Annual Available
Head Water Use  Output Generated Energy
Qugntity (MWH)
{m) {m~ /sec) (KwW)
Case 1 Case 2 Case 3
90 2.5 1,800 14,926 16.061  16.224
{1,852)
90 3.0 2,200 16.747 18,500 19,473
{2,223)
(2,593)
90 4.0 3,000 18,688 20,765 21,543
{2,964)
20 4.5 3,300 18,692 21,028 - 21,909
: (3,334)
Notes: 1. Calculation of annual availabie generated energy
was conducted by using the value bracketed { ) in
Table-2,
2, Calcuation of discharge utilization ratio by

facility is made by approximating the hydrological
regime curve to a tangential line. The finding is
comparatively fit for the hydrological regime curve
in Japan. However, such a hydrological regime
curve is likely to produce errors because of the
low water level. It is necessary that another
calculation of incremental power eneray by supply

of groundwater be conducted.



Annual Available Generated Energy (106kwh)
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20
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[ i _ R
i _ _ SRR B e
2.5 3.0 3.5 4.0 4,5 5.0

s Maximm Water Use Quantity (mg/s)

Fig.-6 Comparison of Annual Available
Generated Energy
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2.3 COMPARISON OF HYDRO PLANT CONSTRUCTION COST

a)

b)

Estimation of Hydro Plant Construction Cost

The direct construction cost was calculated by integrating
the civil work cost and the electric work cost on the basis
that the maximum water use quantity is 3.0 m3/sec. Then
fu;ther construction costs were calculated.in the case that
the maximum water use quantity is 2.5, 3.5, 4.0, 4.5 and 5
m3/sec. The findings are shown in Table-3.

Comparison of Construction Unit Price

The construction unit price was calculated for each case
where the maximum water use quantity ranges from 2.5 to 4.5
m /sec. on the basis of annual avallable ‘generated energy
and the total constructlon_cost already calculated. The
findings are shown in Table-4 and Fig.-7. According to the

findings, the lowest construction unit cost per KWH was

found in the case that the maximum water use quantity price
amounts to ¥60.8/KWH, which is far less than the target
unit cost of ¥200/KWH mentioned in Section 2.1.
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2.4 DETERMINATION OF OPTIMAL DEVELOPMENT S5CALE

The following two methods were considered in deciding the

maximum water use quantity in small and medium run-of-river
type power stations:

(1} The optimal scale is in the lowest construction unit price.

(2) Taking future increases of fuel and construction costs
into account, as large a scale plant as practically
possible must be adoptéd,'as long as the generated unit

" cost per incremental generated energy comes under the cost
of substitutional power source, even though the
construction unit cost will become higher.

However, in this tentative plén, the plan lowest in the
construction unit cost was regarded as an optimal scale because
the accuracy plan as a whole is rather low. Therefore, the
maximum water use quantity was set at 3.0 m /sec and the
optimal'scale of output was set at 2,200 KW. These outlines

are shown in Table-5.
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Table-% QOutline of K. lLeprak HydroFwaer Plant

Category of develdpment _Synthetic development
Name of river system K. Lengkong
Name of intake river ‘ - K. Glidik
Generation system ' ‘Channel System
Ma%imum output (EwW) 2,200
Turbine discharge (m3/sec.) 3.0
Effective head _ (m) _ 90
Annual available generated energy
Case 4 | (MWH) 16,747
it 5 i 18'500
" 6 ' " 19,413
Hydraulic turbine type . Horizontal shaft Francis
Output KW 2,400
Number of rotation : rpm _ 750
Characteristic speed M-KwW 133
Generated type ' Horizontal shaft three

phase synchronous alter-
nating current

Capacity KVA 2,300
Power factor : ¥ 95
Total construction cost ¥106 (yeﬁ) 909
($103) _ 3,788

Annual expenses : | $103 30

{(Total construction cost x 2,37%)
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3. CHARACTERISTICS OF.SUBSTITUTIONAL STANDARD THERMAL PLANT

The substitutional standard thermal power plant adopts a unit
corresponding to Gresik No. 1 and No. 2 thermal power plant
(100 MW x 2) planned in Surabaya'area in the 1980's, as a basis
of economic analysis of this project. The current standard
construction unit cost of a thermal power plant in Indonesia is
as follo@s: | |

Content of Unit Construction Unit Cost
50 MW 1,115,500 Rp/KW (412 x 103/KW)
100 MW 836,000 Rp/KW (308 x 103/KW)

Exchange rate (1982)
650 Rp/US$
¥240/US$

However, the price of crude oil, the annual mean thermal
efficiency and the fuel unit price were unavailable so they
were, therefore estimated based on the past market price.

- Source - (Handbook of Electric Enterprice)
Construction cost in Japan

Noshiro fhermal Plant 1 - 3T 600 MW x 3
(255.6 x 103 yen/KW)

Matsuura Thermal Plan 1 - 3T 700 MW x 2
(256 .x 103 yven/KW)

3.1 ESTIMATED PRICE OF CRUDE OIL

Since information on the current prices of crude oil in

Indonesia was unavailable, the crude oil price for 1983 was
estimated, considering the fluctuations of Arabian Light's
_offibial sales prices, on the basis of the actual crude oil
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price shown in "Survey Report on Bakaru Hydro-Power Plant
Development Project in K. Sadau River System" prepared by the

International Cooperation Agency in Japan in September, 1977.

Fluctuations in the Arabian Light's official sales price and -
the spot price are shown in Fig.-8. In addition, the fﬁelicost
was estimated on the supposition that crude oil for the thermal
power plant is imported and domestically produced crude oil is
exported as it is known that the Republic of Indonesia'ié-one

of the oil-producing nations.

According to the . above métefial, crude oil (medihm fuel 0il)
was priced at 7.0 cent/ (29.05 Rp/ )} in 1977. On the other
hand, the Arabian Light official price was 12.09 (US$/B) in the
first and second quarters in 1977 and 12.70 (US$/B) in the
third and last quarters in 1977. The Arabian Light official
price in 1983 was 29.00 (US$/B) in the first quarter, up 2.3

times from 1977.

Therefore, the crude oil price in the western part of Indonesia

was finally estimated as follows:

16.77'cent/
40,300 yen/k

fl

7.0 cent/ x 29.00/12,09
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3.2 ESTIMATED FUEL COST IN- STANDARD THERMAL POWER STATIONS

The annual average thermal efficiency and the station service
ratio in Crude 0il Burning Thermal Power Stations in Japan are

as follows:

Steam Condition At Site Station Annual
Unit Capacity Thermal * Service - Utilization
(MW) (atg) {CO) Efficiency Ratio Ratio
(%) . (%) (%)
75 102 538/538 34.8 6.0 -70

125 125 538/538 - 35.1 6.0 70

In the process of estimating the fuel cost in a standard
thermal poﬁer_étation in Ihdonesia, an annual average thermal
efficiency'ofxloo MW and 110 MW was established at 34.8% (the
annual utilization ratio was 70%) based on the above data and
taking into consideratibn that thermal efficiency may
deteriorate due to a rise in the cooling water_temperature in

the Steam Condensor.
The price and quality of C crude 0il are set up as follows:

Unit price of fuel ...... 16.79 x 1072 US$/
Calorific value ceve. 10.307 kcal/kg
Specific gravity seess 0.2443 at 600F

860 (kcal/KWH)/0.347
2,478 x 1.06

In-site thermal consume ratio

fon

2,478 x 1.086

Sending end thermél consume ratio
2,626 (kcal/KWH)

([

Therefore, the annual average fuel unit price in the thermal

power plant is as follows:
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Unit cost of Fuel (at the sending end) =
16.76 (cent/ )} x 2,626 (kcal/KWH)/10.915 (kcal/ )

1l

4,039 (cent/KWH)

i

9,69 (ven/KWH)
(At the exchange rate $1 = ¥240)

3.3 CHARACTERISTICS OF STANDARD THERMAL POWER PLANT

Table-6 shows the characteristics, which were estimated on the
basis of the aforementioned data, and assumed value of a
standard thermal power plant covered by this economic
efficiency. Table=-7 shows the appfoximate power generation
costs including the interest payable and corporation tax.

These tables show that the uhit cost of a standard thermal
power plant is ¥18.04/KWH and that the unit cost of a standard
hydro-power plant is ¥6. 83/KWH.

As seen above, the ecoﬁomic efficiency of this hydro plant
construction project can be fully realised.

Fluctuations in the cost of thermal power generation, which
provide the fundamental data of an economic efficiency
comparison, are shown in Table-8.
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Table-6 Outlines of Standard Thermal Power Plant

100 100

1. Unit Capacity (crude oil (MW)
burning thermal
power plant)
2. Construction Cost $103 128,615 141,477
Construction unit cost $/KWH | 1,286.15 1,286.15
u * {(Rp/KWH) (836,000) {(836,000)
3. Fuel Cost . .
- Fuel unit cost (sending end) cent/kwh. 4,039 4,039
Unit cost of crude oil cent/kwh 16.79 16.79
Specific gravity 0.9413
Calorific value 10,367 kcal/kg
0il brand Medium fuel oil _
4. Yearly mean thermal efficiency (%) 34.8 34.8
(Heavy o©1l burning, annual utilization
factor 70%)
5. Ratio of power for station service {%) 6 6
(Heavy ©0il burning, annual facility
utilization factor 70%)
6. Annual expenses  ($103/year) 4,682 5,150
(Construction cost x 3.64%) '
Note:

Construction Cost

100 MW 836,000 Rp/KW

50 MW 1,115,000 Rp/EW

Exchange rate (1980) 650 Rp/US$

(1) * The standard thermal power plant in Indonesia.

{(2) Classification of standard steam power plant

Gresik steam No. 1 and No. 2, each 100 MW

Thermal No. 1 - No. 4, each 110 MW
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Table-7 Comparison of waér Generation Cost between
Hydro-Plant and Thermal Plant
1. Power Generation Cost of Hydro Plant
Total construction cost 909 x 10 vyen

Annual ratio of expense
(longevity 40 vears) 12.58%

Annual expenses 909 x 100 x 0.1258 = 114.4 x 10 yen

Annual generated energy

Case 1 16,747 MWH
Case 2 18,500 MWH
Case 3 _ 19,437 MWH

Power ¢generation cost

Case 1 : : 6.83 ¥/KWH
Case 2 6.18 ¥/KWH

Case 3 : 5.89 ¥/KWH
2. .Power Generation Cost of Standard Thermal Plant
Total construction cost 128.615 US$103 = 30,868 x ¥10°

Annual ratio of expense :
(longevity 15 years) : 16.23%

" Annual expense 30,868 x 106 x 0.1623 = 5,101 x 10 vyen

Annual generated energy
{Annual Utilization Factor 70%) 600 x 10 KWH

Illegal script.

Printout terminated by system.
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Table.-8 Fluctuation in Fuel Price
(Increment Steam Power)

with Hydro-Power

Without Hydro-Power

NO.| Year |Increment ‘Increment
Steam Power | Steam Power Remarks
KiH of Power | Fuel Price | KHH of Power | Fuel Price
Generated Generated
(10YKHH) (US$10%) | (10*Kuk) (US$10°)
1] 1984 0 0 0 0
2] 1985 0 0 0 0
3. 1986 600 24234 600 24234 | Unit Price of
A1 1987 600 24234 600 24234 | Fue!
5| 1988 600 24234 600 24234 | (40. 39us$/KiH)
6| 1989 1200 | 48468 1200 18468 | (at SENDING
7] 1990 1200 | 48488 1200 48468 | £nd)
8 1991 1200 | 48468 1200 48468
9] 1992 1860 | 75247 1183 47781
10 1993 1863 | 75247 1843 | - 74439
11| 1994 2640 | 106630 2623 105943
12 1995 3300 133287 3283 132600 | Increment
131 1996 3300 | 133287 3283 | 132600 | Steam Power
14| 1997 3960 | 159944 13943 15258 | Gerisk NO.1
151 1998 3960 | 159944 3943 | 15258 | M0.2
16| 1999 3960 | 159944 3943 15128 | (100MHx2)
17] 2000 3960 | 159944 3043 15258 |
18] 2001 3960 | 159944 3943 - 15256 | Thersal
19 2002 3960 3943 HO. 1-NO. 4

159914

15258

{110Hkx4)




AX-2-29

Table-9 Estimated Power Supply and Demand

Consumption
Maximum Power Supply Annual Power Demand
Year Energy Growth Rate Energy Growth rate

(M) o (8) 10%kwa (%)

1973 * 92 9.3 550 9.3
74 *101 | " 600 "
75 - *101 " 660 "

76 122 11.5 . 736 T 11.4
77 135 o 820 - o
78 150 " 913 "
79 167 1 . 1,018 "
80 - 187 " 1,134 "
81 208 " 1,264 "
82 - 233 " 1,409 "
83 259 " 1,570 . _ "

84 292 9.3 1,750 ! 9.3
85 319 v 1,910 " "
86 349 1 " ! 2,090 ! *
g7 | 382 | " 2,280 E o
88 417 " ! 2,500 : "
89 | 456 -; S | ; 2,730 f "
90 498 | " | 2,980 | -
91 545 | " ? 3,260 "
92 595 | " | 3,560 ; "
93 650 | " | 3,890 | "
94 711 " : 4,260 ! "
95 777 " | 4,650 "
95 929 " 5,089 g "
96 850 o 5,089 | o
97 Q29 L : 5,560 "

Note: * are actual records
Source is "Development Plan of Whngi Hydor-Power"
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4. BALANCE OF SUPPLY AND DEMAND

4.1 ESTIMATED DEMAND

The power demand in the western part of Java Island was estimated
as an object of the balance between supply and demand, for the
purpose of being used for an economic efficienty comparison. The
Yealy mean increase rate of power demand from 1976 to. 1983 was
estimated as 11.5%, based on the actual growth rate from 1973 to
1975. As this is equivalent to that of Japan from 1951 to 1957,
it is a rather optimistic estimate.

In regard to the increase of demand after 1984, the qrowhh rate is
considered to be slightly lower and was set at 9.3%, which was the
actual annaul mean growth rate increase bhetween 1983 and 1985.

The estimated maximum power supply of energy and the yearly mean
total demand are shown in Table-9 and Fig.-9.
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4.2 SUPPLY AND DEMAND BALANCE

In order to estimate economic efficiency, the followint two

cases of the development plan were investigated:

1. 1In the case that the Leprak Hydro Plant is not
developed. (Benefit) .

2. In the case that the Leprak Hydro Plant is developed.
{Cost)

a) Development Site | ) _ S
The sites of hydro plants and thermal plants to be developed
after 1984, were planned as follows:

Site Out put Year of Starting

{MW) _ Operation

Thermal Gresik steam - No. 1 100 : 1986
Plant u No. 2 100 © 1989
Thermal No. 1 110 _ a1l

No. 2 110 94

No. 3 110 95

No. 4 110 97
Hydro Wringr . No. 2 35 : 86 .
Plant Sengruh - 29 91
Kesamben 1 32 95

Leprak * 2 " 91

Note: # Not according to material.
b) Suppty and Demand Balance

The balance between the supply and demand of power after
1984 was estimated on Ehe.basis of the power supply/demand
and the development sites above. Préconditions for
estimating the balance are as follows: |
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Since the daily load curve line is comparatively flat,
the emphasis of power source development was pléced on
the expansion of KWH power suply capability.

Therefore, the development plan as cenered on a thermal
power plan.

The annual available thermal power eﬁergy was
calculated on the basis that the annual utilization
factor stands at 70%. As a result, the possible annual
thermal power energy is estimated at 600 x 106_KWH in
the 100 MW unit and at 660 x 10° KWH in the 110 Mw
unit. '

The distribution of load among thermal power plants was
made on the grounds that outworn gas turbine plants
were put into service at peak times based on an output
of 100 MW and 110 MW class where fuel consumption is
rather low. Output from some of the wornout diesel

power plants was also regarded as a reserve.

Since the capacity of a single equipment of the thermal

-plants is greater than that of the termal power system,

the eqguipment of thermal power generation being less,

reserve capacity is planned at 20% or more, at any time.

Output of the Leprak power plant to be newly
constructed was estimated at 2 MW and the possible

_annual generated energy 1ls estimated at 17, 18 and 19 x

106 KWH which were included in the supply and demand

balance.

Further, output of the Leprak station accounts for only
2.4% or less of the total system capacity, therefore,
construction of this hydro plant bears influence on the
start of operation of any other hydro and thermal

stations.
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The power source facility e_xpansion plan (maximum power
batance) is shown in Fig.=-10, and the powér' er_lergy
balance is shown in Fig. -11. 1In addition, t_he max imum
power balance. of the above twé cases as well as the

power energy balanée are shown'in'Fig.ulo to Fig.~l3.
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5. SYSTEMATIZED EXPENDITURE ACCOUNT OF CONSTRUCTION COST,
ANNUAL EXPENSES AND FUEL COST

A systematized ekpenditure account for each expense, to be used
for economic analysis of the Leprak hydro-plant development
project, was'estimated on the basis of the supply/demand
balance, the construction cost of thermal/hydro power plant and
the fuel cost (estimated in the earlier part of this report}.
In the estimation of a sSystematized expenditure account, the
aliocated assessment was conducted according to the following
conditions.

a)  Expenditure SystemaﬁizatiOn bf'Construction Cost
The total construction cost of hydro/thermal power plant was
allocated for each vear at the following ratio.

Time Period Allocation Ratio
of
Construction 1st Year 2nd Year 3rd Year
Thermal 3 years 25% 30% 45%
Hydro 2 Years 40% 60%

b) Annual Expenses
Assessment of te annual expenses (equalized longevity) was
conducted in accordance with the following equation.

{Annual expenses) = (Tptal'construction cost) x
{Annual expenses ratio)

However, the annual expense ratio {equalized longevity) was
estimated as follows with reference to the actual
performance record in Japan:

Hydro 2.37% (longevity 50 years)

Thermal 3.64% ( " 25 years)
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FMuel Cost

The fuel cost in each year was estimated fpr both 6f the
following cases, (1) in the case that a hydro—power plant
was developed and (2). in the case that a hydro'plént is not
developed, on the basis of Lhe fuel cost and the generated
energy balance already estlmated in earller, and flnally,
those values were summed up to the systematized expenditure

account. Fluctuations of the fuel cost in each case is

shown in Table-14.

The syétematized expenditure account (from 1983 to 2023),
which is used for the 1nterval economlc earning Latlo, of

each expene 1f shown in Table-15 and 16.
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 Cost EsTIMATION OF

" WATER CONSERVATION FACILITY
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STANDARD YEAR OF UNIT PRICE : 1982
EXCHANGE RATE ; One USS$ = 650 RP = 240 YEN

1_ N

(1)

(2)

2.

INTAKE AT PLANNED PRONOJIWO DAM SITE

Direct Construction Cost

(:) Excavation (Hard Soil, By Man Power)} _
3,000 m3 x 1,740 Rp/m3 = 5,200 x 109Rp

(:) Excavation (Hard Soil, By Machine Power)
11,000 m2 x 1,180 Rp/m3 12,980 x 103Rp

if

@

Plain Concrete
2,100 m3 x 64,230 Rp/m°>

134,883 x 10 Rp

Reinforced Concrete
100 m3 x 171,420 Rp/m°

L

17,142 x lOSRp

Gate
26 t x 2,708 x 109 Rp/t

© ©

67,700 x L10°Rp

Total 237.9 x L0°Rp

:

Land Acgusition

2,000 m2 x 390 Rp/m? 0.8 x 10"Rp

i

PUMPING WELL (1) AND PUMPING WELL (2)

-3

Permeability condition: "g = 10 “cm/s

(1)

Direct Constuction Cost

(:) wWell Excavation (per well, 100 m, casing) 5
100 m x 500,000 Rp/m = 50,000 x 10 Rp
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(:) Pumping and House (per well st.) o
Pumping = 8,124 x 103 Rp (3.0 x 10° ven)

House = 25 m? x 50,000 Rp/m? = 1,250 x 10%Rp

Total ' 9,374 x 10°Rp

il

TOTAL

59.4 x 10%Rp

(2) Land Acquisition

39 x 103Rp

i

10 m x 10 m x 390 Rp/m2

(3) Operation Cost

Well Capacity: 0:05'm2/s/we11
Pump : 45 KW/well
Annual EV

45 KW x 244 x 265 = 394 .2 x 107KWH
76.5 % 10 SUS$/KWH x 394.2 x 103 KwH
30,156.3 US$ |
30,156.3 US$ x 650 Rp/USS$

il

o/C

1

19.6 x 10°Rp

{4) Spare Parts

6

1.4 x 10" Rp

8,124 x 103 Rp/6 years




(A)

(1)

(2)

(3)

(4)

(B)

(1)

(2)

(3)

(4)
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Pumping Wells (1) 20 wells

Direct Construction Cost

59.4 x 10%p/well x 20 wells
Lénd Acquisition Cost

6
0.039 x 16 Rp/well x 20 wells

Operation Cost

19.6 x 10%Rp/well/yearl x 20 wells
Séaré Parts Cost
- 8,124 x lOSRp/well/year x 20 wells
Pumping WElls (1) 40 wells
Direct Construction Cost
Land Acquisition Cbst
Operation Cost

Spare Parts Cost

1,188.0 x 10%rp

0.8 x lOGRp

- 392.0 x 10 Rp/y

6
162.5 x 10 Rp/y

6
2,376.0 x 10 Rp

' 6
1.6 x 10 Rp

325.0 x'lOGRp/y

325.0 x 10%Rp/y
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3. 'TUNNEL

= 9,160 m _
Unit Price 600,000 YEN/m

= 1,625 x 10 Rp/m 8
Total Direct Construction Cost o = 14,855 % 10 Rp

4. OPEN CHANNEL
Direct Construction Cost

(1) * Open Channel Type (1): .£i= 16,150 m
Unit Price (per meter)
= 72,599 YEN /m + 266,056 Rp/m
= 196,598 Rp/m + 266,056 Rp/m
= 462,654 Rp/m |
462,654 Rp/m x 10,150 m - = 4,695.9 x 10%p

(2) Open Channel Type (2): ,€,= 1,940 m
Unit Price {per meter)
25,929 YEN/m + 178,209 Rp/m
70,216 Rp.m + 178,209 Rp/m
248,425 Rp/m o
248,425 Rp/m x 1,940 m = 481.9 x 10%Rp

i

if

i

(3) Open Channel 7Type (3): /{ = 4,050 m
Unit Price (per meter)
16.058 YEN/m + 154,880 Rp/m
43,485 Rp/m + 154,880 Rp/m
198,365 Rp/m
198,365 Rp/m + 4,050 m = 803.4 x lOGRp

It

]

(4) Siphon 8 pcs
Unit Price (per pC)
775,160 YEN/pc. + 8,833,260 Rp/pc
= 2,099,133 Rp/pc + 8,833,260 Rp/pc



(3)

(6)
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= 10,932,393 Rp/pc
10,932,393 Rp/pc x 8 pes = 87.5 x L0PRp

Tunnel 2,770 m

'Unit Price = 541,600 Rp/m (= 200,000 YEN/m)

541,600 Rp/m x 2,770 m 1,500.2 x lOGRp

4

225.0 x 10%rp

Other Works (Lump Sum)

TOTAL (1) +(2)+(3)+(4)+(5) +(6) 7,793.9 x 10%Rp

Land Acquisition

5.

(1)

(2}

(3}

6.‘

(1)

(17.0.m x 10,150 m)+(15.6 m x 1.940 m)+ (5.0 m x 4.050m)

= 263,564 m°
263,564 m2 x 75 Rp/m2 = 19.8 x 10%Rp
POWER GEN. ST (1) Qmax = 3.0 mo/s

Direct Construction Cost

713,556 x 10° YEN 1,932.3 x 10%Rp

i}

Land Acquisition
(5 mx 330 m)+(50 m x 50 m)
= 4,150 m?

4,150 m® x 75 Rp/m> 0.3 x 10%grp

a,t

Mainténance Cost (1) x 1.5%
1.932.3 x 10%Rp x 0.015

29.0 x 10%Rp

IRRIGATION OPEN CHANNEL
Direct Construction Cost

(:) Excavation {Hard Soil, By Machine Power) 5
201,600 m3 x 1,180 Rp/m° = 237.9 x 10 Rp
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Plain Concrete .
30 m3 x 64,230 Rp/m3 =

Reinforced Concrete

510 m° x 171,420 Rp/m° .

Gate

' 3
15 t x 2,708 x 10 Rp/t =
.Tunnel ,
541,600 Rp/m % 430 m =

TOTAL =

(2} Land Acquisition

134,400 m3 x 390 Rp/m3 =

7. COULTIVATED PADDY FIELD

Unit Price

Dry Field (Sugar Cone}: 0

Dry Field(2), Maize, Soy Bean, Cassava
Forest '

Devastated Field

1.9 x 106Rp
' 6
87.4 x 10 Rp
40.6 x 106Rp

232.9 x 10°Rp

600.7 x 10%rp

52.4 x 10%gp

: 20,000 Rp/ha
: 420,000 Rp/ha
220,000 Rp/ha

Cultivated Field (1) @ = 3.5 /s, 3,500 ha

CIOXOXC,

Pry Field (1) 303 ha x 0
Dry Field (2) 2,170 ha x 20,000 Rp/ha
Forest 341 ha x 420,000 Rp/ha

Devastated Field 686 ha x 220,000 Rp/ha

| 6
= 43.4 x 10 Rp

143.2 x 10°Rp

= 150.9 x 10%Rp

- Do T 6
TOTAL : = 337.5 x 10 Rp
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Cultivated Field (2) @ = 4.0 m%/s, 4,000 ha
Dry Field (1) 365 ha % ¢
Dry Field (2) 2,608 ha x 20,000 Rp/ha = 52.2 x 106Rp

Forest | 341 ha x 420,000 Rp/ha = 143.2 x 10°Rp

Jid

olelcle

Devastated Field 686 ha x 220,000 Rp/ha = 150.9 x 10%Rp
TOTAL

346.3 x 108Rp

Cultivated Field (3) Q = 4.5 mS/s, 4,500 ha

pry Field (1) 425 ha x 0
Dry Field (2) 3,048 ha x 20,000 Rp/ha = 61.0 x 10%Rp
Forest © 341 ha x 420,000 Rp/ha = 143.2 x 10%Rp

®OOO

'Devastated Field 686 ha x 220,000 Rp/ha = 150.9 x 10%Rp

TOTAL

it

355.1 x 10%Rp
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