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ANNEX - 1 SOCIC -ECONOMY

ANNEX~1 shows the supporting tables of Socio - economy in chapter-
2 of Main Report
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Table 1.1

LAND USE CATECORIES BY KECAMATAN : UNIT HA

Rice~ Upland Home- Forest— Settle-

Kecamatan field fiold yard ry nent Others Total
1. Sawahan 1062 902 1058 7916 638 12 - 11589
2. DNgetos 1315 1275 684 . 2612 78 20 6021
3. ‘Berbek 2028 344 517 1650 259 30 4830
4.~ Loceret 2765 966 535 2134 286 182 6869
5, Pace 2834 781 457 167 557 41 4846
6. Prambon - 2424 253 843 - 586 g 4116
7. Ngrohgot 1939 678 1505 - - 1331 146 5299
8. Kertosono 1241 233 691 - 40 54 2260

" 9, Patianrowo 1805 717 386 - 276 95 3279

10. Baroh . 2073 458 905 - 82 116 3670

11. Tanjunganom 3926 372 1657 ~ 1072 57 7084

12. Sukomoro 2666 102 456 - 163 151 3539

13. Rganjuk 1388 52 313 - 396 109 2259

14. Bagor 2405 - 284 594 1604 184 &4 5115

15, . Wilangan 1133 76 329 3413 83 30 5064

16. Rejoso 4341 517 1267 9367 415 64 15971

17.  Gondang 4328 480 441 2255 326 127 7957

18, Ngluyu 1096 650 196 6649 216 17 8824

19, - Lengkong 1605 519 158 5956 317 163 8717

20, Jatikalen 1017 802 367 1744 187 87 4203

Grand-total 43,439 10,462 13,395 45,468 7 1,555 121,510

Source

&

1.1
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: Statistical bureau of Kabupaten Nganjuk



TOTAL HIGRANT IN KABUPATEN NGANJUK

TOTAL T

Table 1,2
BY KECAMATAN DURLNG PELITA ITI
TOTAL HIGRANT 1H T —
No. HAME OF KECAMATAN 1979/1960 1580/19m1 198171962 - 1962/1983 1983/1984  *79/'80 to '83/'84
Ro. of No, of No. of No. of No. of Mo, of
Household Househod Houaeheld Houaehold Hougehold Housshold

1. Lengkang ’ - - 3 131 a5 185 32 13 a8 215 156 669
2. Gondang - - 13 59 32 130 30 126 7 38 154 &30
3. Rejoso - - 3¢ 160 36 1,536 251 1,002 57 a2 753 3,160
4. Koluyu ' - - 3 135 60 250 20 02 12 288 186 735
5. Jatikaelen - - 37 151 63 333 8 3 13 4 141 567
6. Pace - - 13 a3 26 78 1 35 3z 148 1 300
7. Hgetoa 0 98 37 166 ] 37 34 1% 3 15 103 435
8. Sawahen 19 52 80 281 58 210 15 468 3 s 285 . 1,106
9, Borbek - - 16 5 5 20 29 170 57 281 107 446
10.  Loceret 43 198 12 52 25 114 128 517 25 103 229 984
1, Sukamoro - - 52 233 23 103 50 240 16 68 141 84
12.  Wilsngen 3% 169 8 7] B 130 103 474 41 260 283 1,020
13, Hgenjuk ' - - 18 ” " 125 17 7 3 3 69 283.
4. Baron - - 56 m 101 a0z 67 330 8 B4 322 - 1,488
15, Tanjungehom - - 30 138 187 55 142 617 3 328 &3z 1,038
6.  Patianrawe 13 64 13 61 20 &7 2% 152 a9 210 128 574
17.  Kortossno 2 1 91 35 105 461 9 1 3 8 210 856
1B.  MNgranagot : - - 3 155 o7 1,358 37 149 19 20 395 . 1,720
49,  Prambon - - 2 12 27 110 g a7 27 129 65 298
20,  Bagor - - 13 n 55 227 70 775 2 109 165 682
832 €07 2,585 1,680 7,049 1,483 .- 5,010 755 3,219 4,358 18,495

Source 1 Rencena Pembargurian Lima Tehun ke Empat {1984/1985 to 1988/1989) of Kahupaten Magnjuk

1.2:



Table 1.3 DETERMINATION OF URBAN DESAS

Population Percentage of households Numbers of
density engaged ‘primarily in " Urban " Points
( per km? ) agriculture facilities
Less than 500 More than 95 - 1
500 - 999 91 - 95 0 2
1000 - 1499 86 - 90 1 3
1500 - 1999 76 - 85 2 4
2000 — 2499 66 - 75 3 5
2500 ~ 2999 56 - 65 4 6
3000 -~ 3499 46 - 55 5 -7
3500 - 3999 36 - 45 6 8
4000 - 4999 26 - 35 - 7 9
Above 5000 Less than 25 C 8 or more 10
Source : " Definisi Desa Urban dalam Sensus Penduduk 1980 "

Central burean of statistic , 1979,

1.3



Table 1.4

URBAN POPULATTON BY KABUPATEN AND KOTAMADYA
IN FAST JAVA AND TOTAL URBAN POPULATION
IN INDONESIA -~ 1980 CENSUS

Name of Kabupaten/

1.

Kotamadya/Province Total Population Total  Urban Ratio
(District/Municipality/ Population

Province) : (Person) (Person)

Kabupaten:

Rab. Nganjuk 882,832 87,832 9.94
Pacitan 478,037 14,180 2.95
Ngawi 769,286 30 887 2.71
Trenggalek 564,542 29,318 5.19
Pamekasan 539,055 42,831 7.94
Sampang 604,541 42,839 7.08
Mojokerto 705,596 47,848 6.78
Bondowoso 612,160 49,426 8.07
Magetan 608,820 49,717 8.16
Sumenep 854,925 53,982 6.31
Ponorogo 783,381 55,523 7.-08
Madiun 640,561 56,262 8.78
Probolinggo 866,318 59,544 6.87
Tuban 871,898 64,451 7.39
Bangkalan 688,362 69,303 10.06
Blitar 1,037,258 74,245 7.15
Kediri 1,235,265 79,565 6.44
Bojonegoro 999,418 83,542 8.35
Lamongan 1,049,956 90,0086 8.57
Lumajang 874,516 - 98,512 11.26
Situbondo 525,046 100,663 19.17
Gresik 729,039 103,439 14.18
Jombang 941,988 105,796 11.23
Tulungagung 833,232 141,094 16.93
Pasuruan 1,034,967 165,038 15,94
Sidoarjo 854,298 185,354 21.69
Malang 2,045,939 194,069 9.48
Jember 1,881,091 329,031 17.49
Banyuwangi 1,420,837 366,564 25.79

Total Kabupaten in
East Java 25,933,164 2,860,861 11,03

Kotamadya : '

Kt.madya Mojokerto 68,849 68,507 99.50
Blitar 78,503 75,509 96.18
Pasuruan - 95,864 91,268 195,20
Probolinggo 100,296 98,126 97.83
Madiun 150,562 145,636 96.72
Kediri 221,830 173,433 78.18
Malang 511,780 470,128 :91.86
Surabaya 2,027,913 1,737,019 85.65

Total Kotamadya in
East Java 3,255,597 2,859,626 87.83
Total East Java 29,188,761 5,720,487 19,59
Total Indonesia 146,934,948 32,845,769 22.35



Table 1.5

POPULATION OF AGE GROUP BY KECAMATAN

in KAB.NGANJUK {(CENCUS 1980)

VPR

No. Kecamatan _ Population Base on Age Group Total
0~ 4 5-9% 10 - 14 15 - 24 25 - 49 50 ~ Up
URBAN _
1. Berbek 507 507 521 752 1096 5264 3907
2. Loceret 224 240 262 413 561 327 2027
3. . Kertosono 2435 2575 2609 4536 5745 3077 20977
4. Patianrowo 333 398 337 431 773 385 2657
5. Baran 462 596 553 941 1223 730 4505
6. Tanjunganom 2198 2281 2221 3702 5246 2722 18370
7. Nganjuk 3652 3962 4242 7744 9354 4962 33916
8. Bagor 147 175 147 323 467 214 1473
Sub Total 9958 10734 10892 18842 26465 12941 87832
Percentage 11 12 12 21 28 15 100
RURAL . _
1. Sawahan 3488 4279 3896 5309 9578 4142 30692
2. Ngetos 3446 4103 3407 4715 8959 3702 28332
3. Berbek 5282 5400 5059 6966 12167 6048 40942
4, loceret 6512 7493 6406 2649 15897 7600 53557
5. Pace 6335 7119 6694 9205 14861 7825 52039
6. Prambon 7251 7971 7792 11369 17256 85060 60139
7. Ngronggot 8234 8986 818> 106751 18112 8468 62736
8. ¥Xertosono 3715 3700 3437 14844 750 4073 27519
9, Patianrowo 4118 4884 4206 5781 10032 4798 33799
10. Baron 2002 5431 4628 6623 10811 5640 38135
11, Tanjunganom 8990 043 9220 13603 22029 11164 75049
12. Sukovmoro 4236 4810 4161 6071 9481 4514 33273
13. Noganjuk 2912 302 2950 4160 6661 3404 723189
14. Bagor 5268 60086 5587 8449 13820 7470 46600
15, Wilangan 3181 3520 2991 4087 1546 3033 24358
16. Rejoso 6727 8138 yrivi 10985 18277 9136 60505
17. Gondang 5594 6014 5178 7821 13367 67111 44685
18, Ngluyu 1606 1778 1557 2505 4587 2215 14248
19. Lengkong 3151 3443 3261 4964 8681 4271 27771
20, Jatikalen 1881 2295 1959 2866 5357 2849 17207
21.  Grogol 15130 18038 16664 23736 37197 17440 128214
22. Gemarang 1466 1852 1843 2473 4418 1945 14000
23. Saradan 2074 2378 2187 2905 5076 252 14875
Sub Tetal 117437 133016 120667 172719 287027 136722 951855
Parcentage 12 14 12 18 30 14 100
URBAN and RURAL
TOTAL 127395 143750 131559 191561 311492 149663 1038208
Percentage 12 14 12 18 30 14 100

1.5



GhP BY INDUSTRIAL ORIGIR AT CURRENT MARKET PRICES

Table .1.%
_ Untt 10°Rp.

Sector T 1975 1976 1977 1978 1979 1980 1981 1982
1 Agriculture . 4003 4812 5906 6706 8996 11290 13643 15668
: (31.7) (3L.1) (31.0) (29.5) (28,1}  (24.8) (25.3) (26.%)
1.1  Food Grop 2555 3044 3660 3991 4892 6358 8102 9961
' (20.2) (19.7) (19.2) (17.5) (15,3} (14,0) (15,00  (16.7)
1.2 Farnm Non 358 481 752 801 1201 1305 1327 1227
Food Crop 2.8 (3. 1) .0 (3.5) (1.7 (2.9) (2.5) (2.1)
1.3 -Escate 184 213 126 404 " 590 693 904 1026
(1.5) (1.4 (1.7} (1.8) (1.8 (1.5) (1.7 (L.7)
1.4  Husbandry a03 346 305 462 690 991 1258 1418
(2.8) 2.2 (1.6) (2.0) 2.7 (2.2) 2.9 (2.4)
1.5 Forestry 413 513 525 653 1048 1142 1140 983
{3.3) (3.3) (2.8} 2.9) (3.3 (2.5) (2.1} (1:6)
1.6  Fishery 191 215 328 393 575 803 912 1053
(1.5) (1.4) (1.7 (1.7 (1.8)  (1.8) a.7 (1.8)
2 Mining . 2485 2930 3600 4358 6980 11673 12971 t1708
(19.7) (18.9) (18.9) (19.2) {21.8)  €25.7) (24.0) (19.6)
3 tndustry - 1124 1453 1817 2420 33ty 5288 5822 7681
(8.9) L (9.4) 9.5) (10.8) (10.3) (11,6} (10.8) (12.9)
4 Utility 70 98 106 118 - 149 225 288 380
0.6) (0.6) {0.6) 0.5) (0.5) (0.5) (0.5) {0.6)
5 Construction 590 813 1023 1242 17%0 2524 3118 3567
4.7} (5.3 (5.3) - {5.5) (5.6} (5.6) - (5.8) 5.9
6  Trade 2104 2552 2959. 3450 4725 6191 7966 B865
(16.6) (16.5) (15.5) (15,2) (146.8)  (14.1) 4N {14.9)
7 Transport 521 663 843 1032 1422 1965 2352 2795
4.1y (4.3) (4.4) (4.5) (4.4) (6.3) (4.4) .1
8 Financial 151 207 236 196 655 752 14604 1604
(1.2 (1.3) (t.2) (.7 (2.0) (.7 (2.6) (2.7
9  House Rental 258 319 542 671 914 1200 1439 1703
_ (2.0 (2.1} (2.8 2.9 (2.9} {2.6) 2.7y (29
10 Public Service 864 1074 1394 1685 2200 3142 3905 4429
(6.8) (6,9) (7.3 7.4) (6.9} (6.9) (7.2) (7.4)
1 Private Service 473 547 607 668 835 996 1119 1293
_ (3.7) (3.5} (3.2) (2.9) (2.6} (2.2) 2.0 (2.2)
GoP 12643 15467 19033 22746 32027 45446 54027 59633
ooy (100} o0y (106) (100) (100} (100} (100}

Source : Statistik Indonesid 1984

Remarks ; Parentheses shows percentage distribution of GBP
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Table 1.7

GRDP OF EAST JAVA BY INDUSTRIAL ORIGIM AT CURRENT MARKET PRICES

R vnit: 10° mp
1975 1965 1977 1978 - 1379 1980 1981 1982

1. AGRICULTURE 756,365 935,194 1,100,715 1,304,191 1,647,932 2,191,376 2,014,322 2,858,167
{41.8) (40.4) (40.4) {40.7) (38.4) {36.5) (37.5) {34.0)

1.1 FOGD CROP 575,447 724,006 787,465 935,127 1,293,999 1,718,932 2,224,319 2,177,014
{31.8) (31.2) {28.9) {29.2) (30.2) {28.8) {29.7) (25.9)

1.2 SMALL HOLDER ESTATE 30,022 33,295 47,811 51,118 122,529 172,581 228,137 257,058
CROPS (1.7 (1.4) {1.9) (1.6} {2.9) {2.9) £3.0) (z.1)

1.3 BIG ESTATE 62,602 84,759 144,480 177,022 53,820 56,271 45,433 47,72%
{3.5) (3.7 (5.3) {5.5) (1.3) {0.9) 0.6) {0.6)

1.4 HUSBANDRY £7,805 71.823 85,961 102,240 118,042 164,753 221,739 266,812
(3.7 (2.1) {3.2) (3.2) (2.85) {2.8) (3.0 (3.2)

1.5 FORESTRY 6,972 6,110 10,621 8,721 13,165 21,415 20,304 21,127
(0. 4) {0.3) (0.4) {0.3) ©.3) 0.4) {0.3) (0.3)

1.6. FISHER 013,517 15,196 24,375 29,964 46,378 57,423 74,392 88,434
(0.7} {0.7) (0.9} (0.9) {1.1) (1.0 {1.90) (1.1}

2. MINING 3,184 3,251 3,390 4,494 11,650. 15,671 13,187 17,443
{0.2) - {0.1) (0.1 (0.1) (0.3) (0.3} {0.2) 0.2)

3. JYNUDSTRY 301,705 417,528 475,766 589,676 611,836 220,308 1,142,208 1,284,798

' {16.7) (18.0) {17.4) {18.4) {14.3) (15.4) (5.2} {15.3) -

4, 'UTILITY 8,247 10,507 12,699 15,735 17,929 27,543 37,987 56,265
{0.5) (0.5) {0.5) {0.5) {0.4) {0.5) {0.5) (0.7)

5. . CONSTRUCTION 8,729 9,838 19,674 11,420 35,688 53,050 63,631 78,771
{0.5) {0.4) {0.4) {0.4) (0.8} {0.9)} {0.8} {C.2)

&. TRADE 325,256 446,795 527,233 538,079 1,024,202 1,447,445 1,733,448 2,078,136
(18.0) {19.3) (19.3) (18.3) (23.9) (24.3) {23.1) (24.7)

7. TRANSPORT . 69,639 93,006 129,091 166,019 255,524 358,523 477,293 633,477
(3.9 (4.0) (4.7 (5.2) 16.0) {6.0) (6.4) {7.5)

8. FINANCIAL 18,249 28,366 34,863 35,124 56,461 81,739 107,113 141,857
(1.0 (.2 (1.3 (1.1) (1.3) (.4 {1.4) (.7

9. RENTAL HOUSE 110,293 125,870 . 134,929 136,371 80,026 104,602 132,117 165,028
(6.1) (5.4) (4.9} {4.3} (1.9} {1.8) {1.3) (2.0}

10. PUBLIC 186,065 219,570 266,065 304,700 . 457,688 639,114 821,995 910,095
{10.3) {9.5) (5.8) {9.5) (10.7) {10.7) (11.0) (10.5)

11. PRIVATE BUSTNESS 20,843 27,732 31,897 51,640 87,376 118,885 153,496 183,926
(1.2 {(1.2) (1.2 (1.6) (2.0) (2.0) (2.0) (2.2)

GRDP 1,808,566 2,317,657 2;727;321 3,207,520 4,286,334 5,958,263 7,496,797 8,407,993

' (100) (100) (Lom (100) (100) {100) {100) {100)

SOURCE : DALAM ANGKA OF JAWA TIMUR 1980.and 1983

REMARKS : ~ PARENTHESES SHOWS PERCENTAGE DISTRIBUTYON OF GRDP BY SECTOR
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Table 1.8 GDP DY INDUSTRIAL ORIGIN AT 1975 CONSTANT PRICES

Unit long \

Annual ‘Growth

Sactor 1975 1976 1977 1978 1979 19860  198i 1982 Rate (%)
1 Agriculture 4003 4221 4249 4470 4637 4866 5110 5222 :
(31.7)  (31.6)  (20.0)  (28.3) (27.7) (26.% (25.7) (25,70 9
1.1  Food Crop 2555 2647 2596 2752 2861 3117 3390 3447 4.4
0.2) (8.1 (LD Q7.6 QR (6.9 (71 (16.9)
1.2 Fara Non 358 370 448 443 460 476 491 524
Food Cropa (2.8 {2.8) 3.1} (2.8) (2.7) (2.6) (2.5) (2.6) 5a6
1.3 Estate 184 188 201 210 231 233 244 285 6.5
(1.5 (1.4) (1.4) (1.3) (1.4} (1.3 (1.2) (1.4)
1.5  Husbandry . 303 323 165 277 304 319 330 345 1.9
(2.4)  €2.4)  (1.8) . {1.8)  (L.B} (L7} (L) (LN
1.5  Forestry _ 413 466 477 53 506 462 369 294 -
(3.3} (3.5 (3.3 (3.4 (30 (2.5 (L9 (L.4)
1.6 Fishery 191 159 210 220 230 240 256 269 5.0
' (L5 (.5 (.4 (l.4) (L&) (1.3 (.3 (L3
2 Mining 2485 2872 3214 3158 3144 3104 3210 2821 L8
av, 7y 2l (219 (20.0) (18,8 (26.8) (16.2) {147
3 Industry 1124 1231 1398 1635 1839 2483 2477 2510 12.2
(8.9) . (9.2) (9.5  (10.4) (11.0) (13.4) (12.5) (12.3)
4 Ueility 70 78 83 97 118 133 153 180 -
(0.6} (0.6)  (0.6) (0.6)  (0.7) (0.7 0.8 (0,9
5 Construction 590 621 YR 857 904 1030 1159 1222 10.9
(4.7) (4.6)  (5.1) (5.4  (5.4) (5.6 (5.8  (6.0) )
6 Trade 2104 2200 2330 2482 2731 3000 3319 3504 7.6
(16.6)  (i6.3)  (15.9) (15.7)  (16.3) (16.2) (16.7) (17,2}
7 Tranaport 521 587 753 . 882 961 1045 1159 1231 3.1
(6.1} .4 5.1 (5.8) . (s.7) (5.1} . (5.8)  (6.Q)
8 Financial 151 174 225 244 267 308 342 382 14,2
(L.2)y (.3 (L (1.5) (L&} (L7 (L.7) (L9
g Rental House 258 273 28 377 399 436 467 490 0.6
(2.0) 2.0y (2.0 (2.4) (240 (2.4)  (2.4)  {2.4)
10 Public Service 864 910" 1056 1178 1236 1489 1648 1710 10.2
(6.3) (6.8) (7.2) (7.5 (7.4) (8. 1) {(8,3) (8.4) .
11 Private Service 473 484 478 _506 519 530 _543 55% 2.3
(3.7} (2,0 (3.3) (2.6) (3.1 (2.9 2.1 (2.7} .
Gop 12,643 13,450 14,641 15,796 16,768 18,474 19,863 20,353 7.0

100). (100} .(1_.00) (100) {190} {100} (109} (L0}

Source : Statistik Indonesis 1984
Ramarke t Parantheses shows percentoge distribution of ¢DP
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Tablae 1,9

GRDP OF EAST JAVA BY INDUSTRIAL ORIGIN AT 1975 CONSTANT PRICES

Remarks 1 Parestheses shows percentage distribution of GRDP

.9

unit 106 Rp.
Annual
Sector 1975 1976 1977 1978 1979 1980 1981 1982  Grawth
Rate (¥)
I Agriculture 756,365 753,357 758,058 778,593 1,022,868 1,100,871 1,124,817 1,062,096 . o
(41.8)  (39.7)  {37.5)  (35.9)  (40.2) (38.3) (35.3) (32.7)
1.1 Food Crop 575,447 581,809 576,629 575,631 839,039 908,925 911,214 822,681  ,
(31.8)  (30.7) {28.6) (26.5)  (32.9) (31.7) (28.6) (25.3)
1.2 Small Holder 30,022 27,431 26,465 31,921 71,246 81,621 94,867 112,543 26 3
Estate Grops (1.7} (1.4) (1.3) (1.5) (2.8) {2.8) 3.0 {3.5)
1.3 Big Estate - 62,602 63,895 65,462 73,369 27,194 19,714 18,891 18,540
' (3.5 G4 @2 (B8 (1.1) 0.7 (0.6) 0.6y 160
1.4 Husbandry 67,805 59,317 - 64,033 7L,716 59,7364 3,596 71,182 77,383 o
(3.7, G0 (3.2) 3.3} {2.3) (2.2) (2.2} 2.4)
1.5 Forestry 6,672 6,657 6,909 6,950 6,540 6,749 6,506 7,000 .
0.6) (0.8 0.3) (0.3 (0.3) 0:2) (0.2) 0.2)
1.6 Fishery 13,517 14,427  1B,561 19,007 19,458 20,266 22,157 23,942 o o
(0.7 (0.8 (0.9 (0.9) (0.8} .7 {.07) (0.7)
2 Mining 3,186 3,015 2,950 3,501 6,774 7,033 6,703 7,939 13‘9
(0.2) (0.2} (0.1} (6.2) (0.3) (0.2) (0.2} (0.2}
3 Industey 301,705 330,082 362,654 405,164 318,533 397,033 487,668 500,337 .
(16.7) (17.4) (18) (18.7)  (12,5). (13,8 (15.3) (15.4)
4 Utility 8,247  B,527  B,987 12,168 15,505 18,301 22,724 27,23 o o
{0.5)  (0.4) (0.4) (0.6) 0.6) (0.6) (©.7) (0.8)
5  Comstruction 8,918 9,506 9,406 9,767 22,874 27,977 32,799 M2 ,,
' (0.5 . (0.5 (0.5) (0.5) (0.9) (1,0} (.o (1.1
6  Trade 325,256 360,004 398,291 421,828 566,407 665,362 765,034 820,408 ,,
(18) (19) 9.7y {19.4)  (22.2) (23.2) (24.0) (25.3)
7 Transport 69,639 82,034 99,661 124,170 159,267  169.118 216,338 238,771 , ,
(3.9) (4.3 %.9) (5.7 (6.3) (5.9 (6.8) {0.9)
8  Finaneiagl 18,249 21,289 22,244 25,426 33,796 35,716 39,932 49,856 |
(1.0)  {L.1) (.1 (1.2) (1.3) (1.2) (1.3} (1.5)
9 Rental House 110,293 115,860 118,880 121,835 59,995 64,912 70,252 76,039 ,
6.1) 6.1} (5.9} (5.6} (2.4) 2.9 2.2} (2.3
10 Public Service 186,065 188,569 212,190 228,001 287,240 326,395 356,042 358,616 o 4
(0. (3.9 (10.5)-  {10.5)  (1L.3) (11.4) (11.2) (11.0)
"11 - Private Business 20,843 23,052 25,493 39,258 54,308 58,812 63,975 68,002 g4 ,
(L.2y (.2 (1.3 (1.8) (2.0 (2.0} (2.0) (2.1)
GRDP 1,808,566 1,895,624 2,169,711 2,547,573 2,871,536 3,186,314 3,246,440 4
2,019,173 '
(100)  {(100) = (100} (100} (100} (100) (o) . (too)
Source : Dalan Angka of Jawa Timur 1980 and 1983



Table 1.10 PRODUCTION OF FOOD CROPS BY KECAMATAN IN 1983

Unit : ton

Paddy Maize Cassava Peanut Soybean Total
Lengkong 8,796 (83:5) 1,200 454 24 54 10,528(100)
Gondang - 21,064 (76.4) 4,487 539 - 1,448 27,538(100)
Re joso 22,774 (67.5) 2,512 5,224 - 3,233 33,743(100)
Ngluyu 6,146 (74.5) 1,949 131 2 23 8,251(100)
Jatikalen 5,405 (75.7) 953 745 32 1 7,136(100)
pace 14,510 (42.9) 11,082 6,209 54 1,986 33,841(100)
Ngetos 9,777 (35.5) 4,757 = 12,594 369 13 27,510(100)
Sawahan 7,535 (36.2). 2,335 10,79 126 - 20,790(100)
Berbek 16,680 (75.5) 1,831 3,228 39 301 22,079(100)
Loceret 19,140 (47.3) 12,548 7,215 503 1,028  40,434(100)
Sukomoro 18,777 {82.5) 2,526 - 11 1,447 22,761(100)
Wilangan 11,154 (77.0) 723 2,150 - 465  14,492(100)
Ngan juk 8,839 (71.1) 1,095 1,525 6 964  12,422(100)
Baron 13,069 (71.5) 2,595 2,028 48 546 18,2865100)
Tanjunganom 42,758 (77.5) 75140 2,085 &1 3,150  55,174(100)
Patianrowo 14,397 (94.0) 572 242 17 94 15,332(100)
Kertosono 8,501 (83,9) 1,098 184 - 30 320 10,133(100)
Ngronggot 15,339 (70.4) 3,395 1,759 212 1,077 21,782(100)
Prambon 21,565 (89.4) 1,231 66 20 1,236 24,118(100)
Bagor - 22,206 (75.6) 828 4,369 - 1,981 29,384(100)
Grogol 11,029 (13.3) 3,389 67,974 159 283 82,834(100)
Gemarang 822 (33.0) 752 894 20 - 2,488(100)
Saradan 1,012 (57.2) 179 237 7 333 1,768(100)

Source : Dalam Angka of Kab. Nganjuk, Kediri and Madiun

Remarks : Parentheses show percentage share of paddy out of total
food crop production.
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Table 1.11 PRODUCTION OF CROPS PER.HOUSEHOLD BY KECAMATAN

Unit : ton/house

Kecamatan Paddy Maize  Cassava Peanut  Soybean
Lengkong ' 2.27 0.31  0.12 0.01 0.01
_ Gondang 3.20 0.68  0.08 - 0.22
Rejoso 2.49 0.27 0.57 - 0.35
Ngluyu 2.61 0.83  0.06 - 0.01
Jatikalen 1.99 0.35 0.27 0.01 -
Pace 2.29 S1.75 0,98 .0.01 0.31
Ngetos 1.9 0.94  2.50 0.07 -
Sawahan 122 0.38 1.74 0.02 -
Berbek ' 3.47 0.38 0,67 0.01 0.06
Locetret 2.78 1.82 1,05 0.07 0.15
Sukomoro 3.75 0.51 - - 0.29
- Wilangan 3.93 0.25 0.76 - 0.16
Nganjuk  3.06 0.38 0.53 - 0.33
Baron ' 2.64 0.52 0.41 0.01 0.11
Tanjunganom 3.86 0.64 0.19 - 0.28
Patianrowo 3.19 0.13  0.05 - 0.02
Kertosono 3.31 0.43 0.07 0.01 0.12
Ngronggot 2,36 0,52 0.27 0.03 0.17
Prambon 4.47 0.26 0.01 - 0.26
Bagor 3.75 0.14 0.74 - 0.33
Grogol - - 0.80 - 0.25  4.96 0.01  0.02
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Table 1.12 BASIC INDICATORS RELATED TO FOOD CROPS IN 1983

Paddy © Maize Cassava Peanut Soybean -

Average unit yield ' .
of crops in Kab. 5.61 3.07 9.15 0.95 .85

" Nganjuk (ton/ha)

Production cost 265,390 121,580 64,370 148,120 97,050
per ha (Rp/ha)

Production cost per _ ' _
ton of each crop 47,300 39,600 7,040 155,920 114,180
(Rp/ton) ' _

Financial price of _
each crop per ton 144,330 116,410 70,670 444,000 371,200

Vet income per.toﬁ .
of each crop (Rp/ 97,020 76,800 63,640 288,080 257,020
ton . _

Source : Annual Report 1983 issuved by Agricultural Office
Dalam Angka of Kab. Nganjuk.
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Table 1.13 REALIZATION OF IRRIGATION PROJECT

IN NGANJUK, 1983/1984 and 1984/1985

12, Distributor building repair -

No. TYPE OF PROJECT 1983/1984 _ 1984/1985
_ Quantity Expense  {Rp) _ Quantity Expense _(Rp)
I, APBD I AND.APBD 11 PROJECTS
1.  Dam Repair R 13,000,000, - ‘2 29,400,000. -
2. Water pump rehabilitation 3 6,107,500.- - "
3. Water pump erection - 1 B,OGU,UOD.— - -
4. The erection of boncrete_plate
as river and retsining wall .- - 1 17,000,000.-
5.  Strats rehabilifation - - 1 2,425,000, -
TOTAL 5 27,107,500, - 4 18,825,000, -~
i1, PROJECT FINANCED BY GRANTS
1.  Drainpipe erection . 608M  46,709,000.~  757,2M  76,017,070.-
2. The perfection of drainage
ditch and its supplementary
building - - 1 unit 19,629,745.-
3.,  Sluice Erection ' 1 12,555,000, - - -
TOTAL 608 M 59,266,000, - 757.2 M 98,646,815,~
1 1 unit
111, PROJECTS CCNDUCTED AND FINANCED B?IDEPARTEMENT OF PUBLIC
WORK, ON NGANJUK AND KERIRI
a, Rehaﬂilitaﬁion, Exploitation énd
maintenance
1. Repair of éecundary Grainage
diteh o 1700 M 8,479,000, - -
2. Repéir of main drainage ditch 500 ﬁ 3DUU_M
3 Dam' repair 2 B.
b, Repair of sectional office 3 -
5. Repéir of check dam . 1 -
6.  Bridge repair 3 64,426,000, - -
7. Sluice repéir ) 2 -
8. Scﬁt Balk repair 2 -
9. . tmbankment repair ' 1 -
‘10, frénsitioﬁal building repair 1 -
. Slant repair - 532.50 M
10



T ' 1983 / 1994 1984 / 198
Na. TYPE OF PROJECT /150 / ’
L _ Quentity  Expense (Rp) Buantity  Expense (Rp)
C. WARU TURI PROJECT .
Te Rehshilitation of secondary .
drainage ditch 7630 M 342,605,000,~ . 15,593 M 1,063,252,546.~
2, Rehabilitation of tertiary
network _ 2172 Ha 362,359,000, 3,915 Ha 720,886,000, -
3. Rehabllitation of drainage
ditchs and its buildings - - 6,551 M 442,411,000, -
4, The erection of new houses
for the caretaker - - L) - 16,540,000, -
” - 7630 W 22,144 M : '
- ) 4 . T
Sub -~ Total 2192 Ha - 704,964,000 3,915 Ha 2,243,089,546
: 4
D.  EAST JAVA IRRIGATION PROJECT
1. Improvement the -irrigetion _ .
network and its building - - 745 Ha 869,829,000, -
“Sub - Total - . - 745 Ha 869,829,000.-
E. PZAT PRDJIECT
1. Improving Drainage Ditch 2 unit 21,250,000, - -
2. Pump House Ereetion 6 unit 39,600,000, - - -
3.  Irrigation Network Erection &6 unit 34,400,000, - 6 unit 235,600,000, ~
-4, Tracer - - 2 unit 29,518,800
5. Drilling - - 2 unit 29,518,800
Sub - Total 14 unit 99,250,000.- 13 unit © 271,086,400, -
TOTAL OF CENTRAL ;g l;;;tM _ fz’iii;”
1 ’ ’
GOVERNM‘?NT 5 PROJECT 13,071 W 1,496,267,400.— 4660 Ha 3,883,768,946,
2,172 Ha ' 4
w2l
55 33
23,0024 32,958 .M
GRAND TOTAL 13,071 M2 1,655,563,200.~ 4660 Ha 4,157,133,761
' 2,172 Ha 15 upit
14 unit




1983 / 1984 1984 / 1985
No. TYPE OF PROJECT Quanitity Expense  {Rp) Quantity . Expense {Rp)
14, Caretaker's house repair - - 1
15. Sectional office house repair = - - 1
Sub - Total 2275 M 72,905,000, - 3532,5 M 121,265,000 -
15 :
b. Self - managed
1. Verﬁeil Werrk repair - - 1 1,150,000.-
2. Sectional warehouse repair - - 1 2,479,000, -
3, Filling of dry mason as
gabion mattress : - - 1 979,000.-
Total a+b &,215 M 72,905,000, - 33325 M 195 873, 000.-
IV, PROJECT FINANCED BY CENTRAL GOVERNMENT
A, MIDDLE REACH PROJECT _
1. Wet masonry on Brantas River 930 M 284,622,400.- 485 M 130,802,000.-
2. Gravelled road for inspeétion - - YRR 31,700,000,~
Sub~ Total 930 W 284,622,400.- 1660 W 162,502,000.-
B.  WIDAS PROJECT '
1. Repair of Widas River Dyke - - 250 M 28,01&,000.—
2. Wet Masonry (Main Irriga-
tion Canal) 3738 M 206,969,000, - 3970 # 236,479,000, -
3, The erection of lining.end .
drop-structure side drain - - 645 M 56,792,000, -
4, Pump erection - - 1 unit 16,000,000, -
5,  Inspection road 13071 W 60,080,000 - -
6. The erection of secbndary
drainage ditch and-supple-
mentary buildings 7830 M 140, 394,000, - - -
34
Sub - Total 1136;:58: 407,451,000, - I;Biiibti 337,282,000,
34 :
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2.1 TIntroduction
Hydrological study is consisted of the following analysis.

~ Lowflow analysis at Kedungwarak / Ketandan dam site

- Flood flow analysis under the present river condition and the
fall confinement on the entire K. Widas basin.

~ Design flood discharge formulation for Kedungwarak and Ketandan
dam

-~ Sediment analysis on the K. Widas

In this ANNEX, detailes of methods/procedures are presented on the
above analysis.
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2.2 Low Flow Analysis

Ramoff of the Kedungwarak river and the Ketandan river is estimated
by Tank Model Method.

2.2.1 Tank Model Method
1.  Basic concept of Tank HModel

The basic idea of Tank Model is very simple. A tank has two holes,
one at the bottom and the other at the side.

i 3 THZ

Hy -

4
c%&{z

When the tank is filled with water, the water will be released
from these holes. In the runoff analysis, water released from the side
hole corresponds to runoff to a stream and water from the bottom hole

goes into the ground water zone.

The depth of water released from a hole is given by the following
relation.

T = OLH svaeorerennrentvsvanncascsnnsnane 1)

where 3 I ¢ depth of water released (mm/day)
of t coefficient of hole
H : water depth above the hole (mm)

For the purpose of natural runoff simulation, four tanks combined
in series are usually used as shown in Fig. 2.2.1. The top tank corresponds
to the surface runoff, the second tank to the sub-surface runoff and the
third and fourth to the base flow from the groundwater, respectively.

In the simulation process, daily rainfall depth is put into the
top tank and the depth of water released from a hole is calculated by
the equation (1). The water from the bottom hole is put into the
second tank and the same process is repeated to the fourth tank. The
depth of the stream runoff is given as the sum of the water released from
the side holes. Loss due to evapotranspiration is expressed by sub -
tracting the depth of daily evapotranspiration from the storage of top
tank. '

2, Soil moisture content

The top tank has a special structure simulating soil moisture
content in surface soil layer as shown in Fig. 2.2.1. This structure

is effective for the area having distinct wet and dry seasouns where
-gurface soils are usually dried up in the dry seasons.
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In this model soil moisture structure is divided into two parts,
the primary and the secondary soil moisture. This soil moisture zones
are set in the bottom of the top tank.

Moisture in these two zones is transferable dependlng on their
relative moisture ration as expressed below.

T2 = TC (XP/PS — XS/55) tvvueerevernsereenns  (2)
where ; T2 : Transfer of moisture between primary aud secondary

layers (plue sign indicates transfer from prlmary
to secondary and minus sign vice versa)

PS : Primary seoil moisture capacity
S8 't Secondary soil moisture capacity
XP ¢ Primary soil moisture depth

X8 : Secondary soil moisture depth

TC @ Constant

When primary soil moisture is not saturated and there is free water
in lower tanks, watér goes up by capillary action so as to fill the
primary 'spil layer with the transfer speed T1 as given below,

Tt = TB (1 - XP/PS) S 3

where ;3 T1 ¢ Transfer of capillary action from lower tanks
TB : Constant

3. Zoning

For the purpose of simulating the area distribution of soil
moisture content, rhe drainage area is divided into four sub-areas as
shown in Fig. 2.2.1. In the beginning of the dry season the f[arthest
sub-area (S1) from the river is firstly dried up and the dried up area
is expanded to $2, 83 and %4 from mountain to the river sides with the
dry seasons goes by.

The vertical structure of each zome is assumed to be expréssed by
the series of four tanks with the same parameters,

Consequently 4 x 4 tanks are required for a river basin to be
simulated as shown in Fig. 2.2.1 in which the direction of water
released from each hole is illustrated. :
2,2,2 Data

Rainfall data summarized on 10-day basis are presented in Table
2.2.1. Intake discharge records of Senggowar area are presented in
Table 2.2.2,

2.2.3 Estimated results of runoff

The estimated results of runoff are tabulated in Table 2.2,.3 for
Kedungwarak river and in Table 2.2.4 for the Ketandan river.
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TABLE 2.7.1 & ESTIMATED TEN-DAY RAIN & (1/4)
EHLEACR SRR RN RS ERERRERES
TENPURAN
Dodorth ! 1950 ' 1952 ¢ 1953 ' 4934 ¢ 1955 0 1954 ¢ 1957 ! 1958 ¢ 9959 ! 190 !
an, Ist! 86,00 U 108,00 ' 69.00 ! 166,00 ¢ 79,00 ' 90,00 ! B5.00 ! 158.00 ' 138.00 ' 83.00 !
o Znd! B6.00 1 BO.00 ' 79.00 ! 20360 ! BZ.00 1 1700 1 39.00 1 410D ! 10300 ! 43.00 !
Poo3pdl 8001 ISLOO L 7900 1 7300 Y LB.00 1 60,00 ! 22500 ¢ 64.00 1 75,00 1 43.00 !
tFeb, 1st! 1000 ¢ 93.00 1 13800 1 43.00 ! 99.00 ! 11700} 3B.00 ! 15500 ' 63,00 ! 69.00 !
U et 115000 73000 13001 98,00 1 25,00 1 28,00 ' 36.00 ! 106,00 ! 110,00 ! 48,00 !
o 3rg! 39.000 69.00 0 285.00 ' 148.00 ' 27,00 ¢ B8.00 ' 26100 ! 4100 ! 3300 ! 10700 !
Mar, fst! 123.00 ' 14,00 1 54.00 ' 75.80 ' 122.00 ! 10700 ! 148,00 ! 5700 ! 75.00°! 55,00 !
U ged! 2200 1 36,00 1 7A.00 ' 142,00 ¢ 80,00 ! 13600 ! 153,00 ! 74,00 ! 7500 ! 3700 !
Poo3rd! 0001 J7.00 1 L4A00 ! 33001 41001 600! 79.00 ¢ 174.00 ¢ AL00 ! 104,00 !
Mpr. Istt 600 U 148,401 320.00 1 28.00 ' HO.00 ! 2000 1 HS.00 ¢ 120.00 1 5600 ! 130,90 !
Coogedt 0,000 0,000 49.00 0 110,00 1 106,00 1 18,00 1 0.00 ' 414,00t 900 1 7700 !
C3rdd 40.00 1 0.00 1 179.601 3000 ! 38,001 4200 400! 11200 ' 48.00 1 2300 !
ay fst! 0,001 0.00 ¢ L7001 17.00 ' 26,001 1800 ! 5300 ! 29.00 ! 29.00 ! 10,00 !
vogadt G100t 88,000 4B.00 ! 62,00 ' 10.00 ! 1B.00 ! 200! 46.00 ! 66,00 ! 59,00 !
C3rdt 0000 3000 000 A0 000! 63001 000! 29.00% 2500 ! 300!
use 1st! 113.00 1 0,000 0.00 1 0.00 ' 26,001 61001 0.0 ! Q.00 ¢ 45.00 ' 1300 !
Coodt 0.00% 0001 000 B0 3000 %OOT 0000 000 000 0.00!
b 3rdt 23,000 0000 0001 0.00 ¢ 0,00 5L00' 000t 400! .00 ! 200!
Guly fstt 700 52,0000 52,00 ¢ 45,00 0 48.00 1 0.00 ' 1L00! 13.00 ¢ 7.00 ! 5.00 !
C w000 0,000  0.00 ' 1500 56,00 ! 3B.00 ! 13.00% 10.00 ¢ 0.00 ¢ 0.00 !
L 3rd' 4000 0001 0001 0001 134000 17000 23.00 ! 7.0 ¢ 0.00! 0.0
hug, fSt! 0,00 1 0000 000! 27.00' ATO0 L 000! 49.00 ! 15001 0.0 ! 0,00 !
U oged! 0001 0000 0001 880 Y 20,007 15001 0,000 600! 000! 000!
Coo3rdt 0000 2,000 0.0 0001 000! 3300 000 11000 0.00 ¢ 0.0
‘Gep. fst! 0,001 0,001 000! 500! 900 9.00% 500! 000 400! 200!
v ognd! 0,900 0001 0001 Q00! 000! 400 000! 500! 0.00¢ 0,00
Poo3rdt 0000 3000 0.00%  0400% 28000 000! 000! 190! 0.00!  0.00!
Wct, fst! 0001 40,001 0001 000 0001 000!  0.00! 1200'  0.001 0,00
Cooang! 0001 000 000! 14801 8001 35001  0.00' 10001 000! 20.00!
Poo3rd! 000 ¢ 28601 000! 57,00 Y 50000 000! 4000 0001 0.00! .00
tov, fst! 0,00 | 148,00 ¢ A.00 ' 85.00 ' L6R.00 ! SO0 ZLOD! BLOO!  0.00 ' &0.007
o' 0.00 0 89.00 ' 6400 ¢ 1BLO0 ! 16,00 '  0.00 ! 65,00 5600 8.0 ' 54:00 !
C3rg' 13,00 0 78001 3900 ¢ 16000t 32,60 ' 3700 55.00 ! 2000 ¢ 39.00 ! 109.00 !
hec, 1st! 110,00 ¢ 12200 ! B7.00 ¢ 24200 ! 3400 ! 85,00 ' 77.00 ! 11200 ! 100.60°! 34.00 !
o Zadt 219.00 T 20800 ¢ 46:00 ! 130.00 ' 55.00 1 135,00 ¢ 122,00 ¢ 10100} 145.00 ! 48,00 !
U 3rd' 170,00 1 18160 ! 226.00 ' 12,00 ! 100,00 ! 66,00 ' 56.00 ¢ 5300 ! 29.00 ! 91.00 !

__________________________________________________________________
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TABLE 2.2.1 + ESTIMATED TEN-DAY RAIN ®  (2/4)
FEHEEEHEERREEREERFRE IR RIS D

TEHPURRN

T e

tJan. ist! 105.00 ' 74,00 ' 010,00 ' 8300 ' 7200 ' 89,00 ¢ 150.00 ! A9.00 ' 5400 ' 40.00 !
Yo Ind! 75,00 0 208,00 ! 55,00 ! BBOD ¢ - 3,00 TAGD Y BB.GO ! 4L.00 ¢ HI2.00 ! 7100
! rd! TLAG Y 130,00 0 66,00 ' 9400 1 122,00 ! 12890 ' LLO0 Y 47,00 88,99 ¢ 210.00¢
tFeb, fst! $14.00 ¢ 41,00 1 82,00 ' 155,00 ' 138.00 ' 14,00 ' 124001 224,00 ' 35,00 ! 155.00 !
! Zod! 120,00 1 9B.00 ' 95,00 ! 5100 ¢ 130,00 ! 171,00t 7400 1 469,00 ! 164,00 ! G200
! Jedt 20000 A3.00 ! 10980 ! A7.00 ' 43,00 ' 13L.00 0 132.00 1 RG0! 16040 ! &2.400°
tHar. {st! .53.00 Y7000t 140,00 ' 139,00 1 5500 Y 147,00t 30.00 ¢ 138.00 ' 87,00 ! 115.00!
: 2nd? {42,000 T.000 99.00 ' 4700 % 9400 ¢ 14100 2500 ! 5700 ! 139.00 ! 194,00 !
! Ird! 2,00 ) 47000 94,00 | 135,00 ' 34,00 ' 01,00 % 325,00 7 270,00 ! - 9R.00 1 Q.00 !

Chpr. Ist! 23,000 3400 ! 130,00 1 35,000 9400 ! 75,000 83,00 ! 183,00 1 43.00 1 BLAOO!
! Indt 32,00 ' 152,00 ' AR.00 ' C4A0O Y 000 49.00 0 SO0 ! TAO0! 1300 % 0.00
! Ird! 41,000 18200 ! 90,00 ' 6007 000! 105,00 ! 52.00! 500! 12,001 45.00!

e n e —————— L L e g e L B A P o 1 8 P R

Hay Ist?! 9.0 ! 46.00 ! 2500 ' IBLOG ! L0 7SO0 0000 130001 TH00 % 17,00
! Znd' 9LOO! G007 .00 H00°Y  H0DY 6,00 12,00 200! 0u00 ! 21,00
! Jrdt 006! 0.00% 3800 12,000 17,00 ¢ 8200 ! 0.00 ' 110,00 ! 45,00 ! 25.00 ¢

Qune Ist! 25,00 ¢ 42,00 ' 15,00 1 49.00 ' 0.00 % 30,000 0,001 3700 800! 35.00
! Znd! 000! 35.00F 900! 29.60 ! 42,00 500! 000! 48,000  G.00!  1B.0O
! Ird? 100 700 goet 000! 3000 600! G000 HOM.00 ! F.00!  4.00 !

_____________________________________________________________

g 108! 00! .00
L0 105,007 A00Y 5001
Voshee !t 200! 500

'Gep. 1st! .00 ' 000!  0.00 ! 400! G006 000! 000! 60001 9.00' 13,90
! od! 000! 000 8007 G0 000 000! 0007 0.0 000! 26,001
! Ird! - 000! GO0 0000 1606 OG0! 0000 A00F 000! 000! 800!

Mict., Istt 000 D00 0,006 % NMA00! 060 A0 000 B500Y 0,00 G0
! 2nd! 000! 000 0000 1290007 0,00 ) 42,00 000! 15.00'  0.800 3OO
B Ird! 000! 20,00 - 000! L0 !  g.00! MA00! 0,000 000! 2000 35.00
o, tst! BA.00 1 325._% R0 D 125,00 0 00t 0000 000! BL00!D .00t 000!
! nd! 97.00! 4001 000! 30007 0001 A9.00%0  2.00!' 19000 0,00 ! 30,00
! rd' 16,001 96,006 ! 55.00 ! 3000 ¢ 3500t 21,00 % (F5.00 ! 120,000 0,00 ! 39.00 1
thec. {st!  ¥.00 135,000 37,000 5.00 1 4300 ! 201,00 ' 240.00 ! 115.00 ' 12,00 !  8.00 !
! 2nd! 3B.000 139,00 ' JALL0H ! 0001 207.00 ' 146,00 ' 20,00 ' 70000 ' 0.00 ! 40.00 ¢
! Irdt 0 3400 U 13400 0 135,00 1 18500 7 111,00 % 47,00 7 202,00 ! 15,00 ! 49.00 ! 113.00 1

"Totl ist! 1433.00 ! 1901.90 ' 1603.00 ! 1850,00 ! 131700 ! 1965.00 ' 1750,00 ! 2456,00 ! 1232.00 ! 1573.00 !

.................... w— - - ————
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TABLE 2.2.1 + ESTINGTED TEN-DAY RAIN & (3/4)
TEAERENEEREARREFTREERRANLEE
TENPURAN

CoRonth ! 1970 ¢ W92 0 1973 f 974 L1915 0 1976 ' 1977 ' 1978 ¢ 1979 ! 1980 !
Han, fst! 99.00 ' 85,00 | 106,00 | 35.00 1 124,00 ¢ (5700 ¢ 75,00 ! 246,00 ! 11900 ! 0,00 !
U gngt 11800 1 60,00 1 54001 6200 ! 115,000 500 ' 1,00 7400 107.00 ! 0.0 !
Tt 80001 67001 6H.00 1 94,00 1 106,00 ¢ B3.00 ¢ 75.00 ' 56,00 ' 130,00 ¢  0.00 1
'Feb. Ist! 63.00 1 3.00 0 55.00 ' 80,00 ' 750.00 ! 6300 ! 306,00 ! 137.00 ¢ 146.00 1  0.00 !
' gndl 128,00 ' 48.00 | 166,00 {2700 ' 30.00 ' A0.00 1 69.00 ! 137.00 ! (46,00 !  0.00 !
o 3rdd 95000 1100 ! 9L.00' B3.00 ' BLOO ! 65.00 1 4.0 ' 12400 1 94001  0.00 !
Mar, Ist! 40,00 ' 20,00 ' 53,00 [ 138.00 ! 217.00 ! 12000 & 4100 ' 119,00 ¢ 56,00 ! 0,60 !
v gl A3.00 1 70.00 0 .00 0 60.00 ' 5000 ! 5900t BA00 ! 70,00 ¢ 4100 ¢ 0,00 !
' grat 220,00 | €3.00 ¢ 110,001 36001 55,00 ! 109.00 1 212,001 95.00 ! &3.00! 000!
pr. fstt 32,00 1 0,061 ALO0 Y 99.00 1 600 ¢  0.00 ¢ 45.00 ! E500!  0.00 ! 0,00
' ad! BIS.00 1 69.00 ¢ 9.00 ' 232,00 ' 152.00 ¢ 7A.00 ! 53,00 ¢ 30,00 ' 189,00 1 .00 !
| 3rdt 000 0000 138001 0.001 9,001 0,000 24,00 ' 2800 43000 .00
Way 1st! 98.00 ' 48.00 ' 110.00 ! 600 ' 39,000 900! 400! 3100 ¢ 10500 ¢  0.00

© 2! 20000 000 .00 34000 18.00¢ 0.0 000 74.00¢ 25.00! 0.0 !
U 3ral 90,000 0.00 ' 92001 0000 22,00 ¢ 0.0 5500 75.00% B7.00! 0.00 !
Nupe 1st! 13600 ¢ 1000 ' 700t 0.00 ¢  0.00 1 0.0 ' 9L00 ' 22001 111001 0,00
U ot 0.00% 0000 200! 0.00% 000! 0.00% 300 &3.00% 0.00! 0.0 !
b 3rdt AD0 T 000 2000 22,00  0.00 ¢ 000! 17,000 9100 0,001 18,00 !
Nuly 1stt 5001 0000 0001 0.00' 0001 000 0.0 135000 0.0 0,00 !
Caadt 0001 0001 42001 62001 S.000 0.00% 000! 35000 0.000 0,00 !
E 3t 0.600 0.000 0000 3000 0.000 000! 000 0.00% 000! 0,00 !
g fst! .00 1 0.001 4,00 0 B7.00 ' 0.00 ' 000 000 ' 20,001 000! 19,90 !
U ond! 0001 0.00¢ 0001 A00!  0.00¢ 000 000! 22.00% 000!  0.00 !
L 3rdl 0.001 0.00%  6.00 ¢ 7.00 1 0.0 ' 000 ¢ 0,00 ¢ 7,000 000 ¢  0.00 !
e, fst! 0,00 ¢ 0,001 0,00 1 27.00 ' 14,000 0087 0,00 10.00! 000! 000!
o gndl 0,00 ' 0,000 2700 ¢ 16,00 530001 000! 0.00  2.00 ¢ 0.00¢ 0.0 !
L 3ral 0.00 1 0.00 1 560 G.00F 0000 0000 0.00 0.00! 0.0 000
Mot fstt 19001 6001 0.00 ¢ 32000 UTLOO L 0.00 1 000! 400  0.00 0 0,00
L gpdl 1200 1 000 0.00 ! AT.00 ! 1400 ' 300! 0.0 0001 0.00!  0.00!
L 3d 116,001 0001 7.00 0 60.00 1 20,00 ¢ 16500 ¢ 0,00 ' 2,00 8200 ¢ .00 ¢ .
Mov. 1st! 2700 1 0001 63001 19.00 ' 85,000 73.00' 0.00' 17.00 ¢ 23.00! 24.00 !
' 7nd! 145.00 ¢ 15000 8100 ! 101,00 ! 2000 ' S3.00¢ 0,00 ' 28,00 ¢ 3600 ! 31.00 !
D 3rd! 125.00 1 92001 25.00 1 7000 2200 ¢ 36,000 49001  9.00 ¢ 5100 ! 149,00 !
Dec, 1st! 120.00 ¢ 12800 1 110,00 ! 560.00 ¢ 135.00 | 45.00 ! 109.00 % 58,00 ! 56,00 ! 364.00 !
' gadt 99.00 ¢ 5200 ¢ 173,00 | 150.00 ¢ 4000 ' BB.0D ' 74,00 ¢ 204,00 ' 106,00 ¢ 9,00 !
L 3rd' 060 ¢ B000 ¢ 60.00 1 4100 ¢ 39,00 79.00 ' 12000 ! 235.00 ! 195.00 ! 140.00 !

! 145300 ¢ 232400 ! 2009.00 ¢ 754,00 !
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TABLE 2,2.1

FRLERRERESNERRARRKRRERERREE

+ ESTIHATED TEN-DAY RAIN

1

1112323232223 2223323322222

'an, 1st! 106,00 ' 154,00
! nd? 40,00 1 39,00
! Ird! 73000 74,00

'Feb, 1st' 77.00 !

! Ind! 86,00 ! 47,00 !
! JIrd! 108,00 1 31,08 !

Har, 13! 194,00 ' 172.00
U ndd 19,00 ' 149.00
U Irdl 45,00 ¢ 26.00

thpr. 1st! 4700 1 1600
' gt 400 0 20,00
U 3rdt 30000 183,00

Hay tstl 8300 ! 10,00
; Ind? 4100 ' 0.00
! Jrd? 080! (.00

ture 1st! 0.00 1 0.00
! nd!  0.00! 0,00
! Irdt 006! 0.00

Huly 1st! 2300 ¢ 0.00
C gt 20000 5.00
Co3rdt 0000 0.00

Oct. tst! 0,00 ! 0,00 ' -
t ndt 0,00 0,00 ¢

! Ird? 2B.000 000!

"Noy, ist! 49.00 ¢ 3.00
i nd? 139,00 ' 22.06
} Iré*  95.00 ¢ 0,00

Pec. Ist! 129.00 1 122.00
Yoo Ind! 78,00 ! 115,00
! Jrd! 161,00 1 177.00

Totl 1st! 1827,00 1 1580.90

TEHRURAN
t 1983 ! sean !
Yo219,00 ' 104,51 !
UOI3LO0 | ThAS !
tO27.00 1 BY.3A Y

235,00 | 189,00 ! 106,50 !
Uo42,00 ¢ BO,&9 !
IOB7,00 ¢ 91,30 !
U400 ' 9h.43 !
OI53.00 ! B7.49
L1900 ¢ B9.48
Eo158,00 ' 73,09 !
Eoa0.00 Y 75.30 !
EO79,00 ' 55,48
Co70,00 Y 84,90 !
UO83.00 26,54 1
'OB2.00 ' 30.28 !
LoA00 ) 27,30
W L
Vo000 1230
L0000t 12,84
E0.00 ' 12,011
Eo0.00 Y T7.90 !
to0.001  B.00
U000 248!
o000t 309!
006! 2,81 !
Eo0.00 1 400
o000t 575!
L0001 14,75
P00 1348
L3500 0 7109 ¢
tOBE.00 ! 45.12 !
ro170.00 1 51,78 !
to97,00 ¢ 5687 ¢
CosR.00 ! 11433
C15.00 1 97.8% !
12900 ! 103.27 ¢
1°2728,00 ! 1754,49

2.7

(4/4)



Table 2,2.2 INTAKE DISCHARGE RECGRDS OF IRRIGATYON
NIT SENGGOWAR EXCEPT NGLUYL AREA  IWIT:L/SEC

it ke e b 2 o b Ak B S U B A 8 1 e L e L A A s e e o e i e —

WONTR 576 1077 1973 1979 (980 1981 1982 1983 1984 AVERAGE

N1 1103 424 806 581 581 1037 039 TS 37 0
2 1043 276 &84 689 1128 1017 957 502 520 A2
3 807 354 1041 830 114 07 B4 IS 104 8m
FEB 1 750 436 1085 653 1290 73 (158 MY 843 B84l
2 494 454 1326 HBA 980 T2 1224 454 892 43
3 708 578 128t 74 1M4Y B 1248 5P 917 8w
HER 1070 578 943 732 1181 833 404 B99 712 848

1437 451 943 732 821 719 et b44 4B} TN
1074 780 TS bR 360 702 763 B3 3BS - 494
1491 780 345 583 50B 430 939 536 - {28 429
485 494 - 345 583 S39 a7 803 72 M0 St
934 - S08 MY 5 475 B34 670 6h2 107 U
: 69 377 811 595 481 0 % 4R
720 268 363 485 293 70 433 9 %0 3N
167 282 35T 339 307 %40 I 430 287 - 38
124 37 I TR O I o9 40 193 290
90 38 424 388 104 163 159 300 199 3%
7 7 3 2 8 22 72 26 W6 9

P
=
=0

]

= =

= 4

[ R R FTE K EE B X T VRN % e

[
—
ra
[
=
e
i
cre
(%3

I 56 157 0 S W7 4z 192 M oAl 1 18
2 S8 90 337 M3 30 W 34 1M 14 A
30 4 s 2\ M3 30 nuz 3 19 9 U3
MG 1 8 48 3714 - 100 H2 M OB i H
2 ¥ 42 WM - 82 4% 1 AR (1 I
-3 w42 W - 50 3 18 2% 12 4
SEP | 0N M4 3% 42 15 8 B[ s 87
2 K3 IS T U7 LR B B | 7 W 1% s
3 I ST AT S ¥ 0 3 %3
ocy i % 16 WM. 14 4. 0 W W/
2 15 17 42 0®n U3 0 M 8 N
3 5 T I /| & N VO S S IS
Nev 1 180 7.3 0 - 3 N DV ¥
2 43 $ T - - 58 VI VR B
3 e e M 119 - g 0 281 1s 1N
DEC 1 155 178 U9 . M5 484 25 193 AS 2w 252
2 13 199 My 1% 718 495 477 133 e 34
3 226 803 . 535 473 914 5N M9 30 126 487

AVERABE 383 2BG - 43 | 433 41 40l | I

2.8
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Table 2.2.3 + ESTIHATED TEN-DAY RUNDFF ¢ - (1/4)
(1331813382312 2332223223323

RUNGFF OF K, HARAK RIVER

b Month ! 1951 ' 1952 ' 1953 ! (954 ! 1955 ! 1956 ! 1957 ' {93 ! 1959 ! 1980 !

Man. tst? 0.4 0 L4300 088! X3! LAY LAl LES! 2220 LaS! 477!
D Zad! LAY LB3Y 0911 272 LIBY O 084! 0.5 ¢ 097! Lét! 126!
Pt 109! 223 L7EY 33! OLSTY 054! 93! 0830 L2 239
fFeb, 1st!' 0.61% 172! - BALY 10! L33! 0% ! LIT! 498 075! 0.9
o 2adl 105! 5,36 POLEY Lt 091 02' 2431 LT LOA!
Yooo3rd! 1B LIBY O 303F 0 280 073! 103! 4MY 139! LY 245!
Mar. Ist!  LBO! 123! 459! 235% LA2' LMY Ade! 084! Lo1! 335!
boood! LU 577! L0 ! . LES? LB 281 277Y Les! 1081 &5
C3rd! 054 2,290 252! L4B! 083 090! 248! Las! 085! LI2!

L73Y 05! LAT! 329t 103! o 09!

pr. tst! 03B! 314! 6201 073
toZad! 023 28! B! LSIY LIE! 047! nAe! I2IRY L3 1,09
C Fdt 0.2 0.78¢ 3.85¢ 0780 L3 0.34f 0760 295! 483 158 ¢
May Ist! 020! 053¢ Z74% 055 077! 029! 062! L3B! 71! 150
v ed' 07! 0.5AY LIS 073! 658! 022! 6501 103! .62 056!
Do 3rdl G5! 0370 LIZ! O 050! 0.42F 0230 033! 0,800 093! 0.40 !
tJune 1st! 1490 028! 0.BO ' 035! O34 0850 0270 0t 055 0,291
b oad! 0 040 ' 0.260 0581 027! O33Y 044! 025! 0.4 ' 082! 0.28!
' 3rd! 0200 025! 0.43%  0.28' 030! 084 0231 033! 030! 042!
Huly Ist! - 0081 0420 0.60 0 034 G4L' 038! 022! 030! 0.22!  0.80 ¢
U nd! 01! 0320 0491 0270 053! 0220 0200 028! 0.20% 0.3
U 3rd! 010

P02t 038 02t LIS 020! Q1R 427t 019! .23

Fug. 1st! 009 ! 049t 033 F Q%' LMY RBE! 43! 023 -7 Y 0,201
! 08! - 007 QM6 &3 48 0.8 DM 0.2 823 005 008!
! Ird! - 006! 04FY 0.290 06! 043D 021 05! 6! 03! 0.A!
Gep. Ist! 004t 013 0.26% 004! 620 M. Q.03 ooyt ot 014
! ndt 003! O 0.3 p12' 03V 1t GMY 07V 4160 0.t2

4.0% ! ! 13! 4080 G0

CiDct. 1st! 0 0.03 1 0090 0.8 009! Q.22 008! 007! 03! 006! 0.08!
bt 02! 008! 05! 007! 047 E 007 006 0.
U 3rd! 0021 0.05% 03! 0.07¢ 045! 006! 0.8 ! 0

!_Nov.._ 1st! 002! 1,380 400! 630! L3 020! 0030 055! 002! .03
! Ind' 00270 0 067 0217 0 LAY L2209 07! D54 0 002! 0,03
! ¢! 002! 087! 010! 258! 0 005t 008! 020! G021 0.40!

Mec, Ist! 070! 195! 00! AT 02! .57
Coondt LBO L X370 39 Gt 071 . !
U 3rdt o RAT! . 2400 2460 LOS! M 0730 055! Loo!  0.63! .20

ot ;gt! 0.53 1 10! L2901 147! .82 0.50! 0.8 L8 ! Q.59 ! 0.94 !

- 2.9
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Table 2.2.3 & ESTINATED TEN-DAY RUNOFF ¢+ (2/4)
EETEREERERELRERERRLEELRREREY

RUNDFF OF F.4ARAK RIVER

______________________________________________________

flam. Ist? 0830 034! fE8! L2902 1.48 ! gt 185! 4Tt 053!
! Zodt o 0.9F Y LB 092 0TE! 0B 0930 150! 099 L1201 049!
! Srd' - 085! 344! GBG! 0.96! f.10! f.80 ¢ L2zt 06t! 0bl Y 283!
'Feb, Ist! LB ! 0,710 1A7 Y 2490 24270 0.8h ! 20 L0005 0 386!
! ! L67T) LMYt L2ty LY L&Y L7 LBt 2500
! b LOBY O LOBY LATY O LO2! LAY 245! A3 LIBY Y 205!
War. it 075! 198t L2 LAY LAkt 3T Y LTt o et bt LT
! d! L7 LBOY BB L3 LIS 2,45t L7et L2BY O 1,39 ! 2.9
! It B4l M7t ST ORI 480! 1220 420 LAWY 2481 t.ag !
fpr. tst! 046 0E2! 23 098 LEIDOLILD O 40 A0t (12! Lod!
! Znd! 0BT LSF! O LGAY 0E3! 0 060! 090! a0 232! it 6!
! Irg! Lt 2.t 2160 456 439+ LMY 08! LA L1 076!
Way tst! 2,23 Y L9 LYY RI9Y 4H ! 1,48 0.89! LO%Y 0467 108!
! 2nd! L3 0.6BY 072! QWY 0B 079 050 1B 033 L6
! Iré' 08B 046 054U g4B! 4Tt LAY 83! LU W2 Y O 058!
une Ist! 0460 041+ 0,730 059! 45T LD 0t Lot o.M 045!
! Zng! 032 03! 037! DAY O34T GSLY . D23 Y LA oY 0.3
! Jd! LY 07 42 039 &IFY O 037 023 b8+ 021F 077!
'Jul‘;r Isty 0.8 &2vF 927! Q2! 0.18! 029 0.22' 2400 019! 0.5
¢ gt 7Y Y 4,330 2L St 260 420! LI3Y 0aT! 0B
! Irg! 045 07t 023! 020! 0000 g4t 0! 122! 015! 411!
Yug, fst' 03¢ GMFt 021! QB! Q08! 022! 008! 7! 0430 6T
! Zodt OME Y 043D LMY RMe! 007 020! 044 F 05U Q41 Q7!
! Irdi M0 000 017 04 0 005! M8 Ottt ! 637! 008! 005!
'Sep. 1st! 008! 0.10' 414 012! 063! 0t t Q0! 432! 007! 013!
! md! 0061 Q08! 2! ot 0020 013 .08t 030! 05! - 0N
' rdl - 005 006 010t 007! SO0 0! 006! 028! - 603! 0.10!

e e A R b at o - J— -

Moy, st 4080 487! 44030 050 .01 Y 605 40! ﬁ.bb 0T 0.t
t
1

-

=
[l
o=
o<
-

bl
£
<
.

—
—

! nd! 045! 0.82'  0.02' 090! 000! 623 001! D,
! Id! 009 LAY 0,23 0270 00! 60 005

(=]
e
~t
=
LB
R
o
s
.
-
m

Wer, fst! 032! 027! G050 Q7! 025! 2390 205! L0S' Q2! Lo
! Znd! 047! S 207 Y 009 2242 3! Lot d o 258 0.BE Y 0064
! Ird! 008! LATY L19! L08! Lbbt 069 305! L3 !

‘Toth Ist! Q.58 ! ¢.82! 482! 079! (.40 LO0 ! 095! L2 0.2 0.9}

__________________ - —_—— am -
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Table 2.2.3 * ESTINATED TEN-DAY RUMDFF +  (3/4)
BRI RN RS C AR R RS

RUNDFF OF K.HARAK RIVER

PoMonth !o19M 0T 1972 Y 1973 P 19m 918 0 1976 D 1917 ! 1978 ! 1979 ' 9B !

Han, Ist! L& ! 090! - 481 074 78! f.34 L2t et 419t L
! gt 4,600 1060 2.7 7! L7300 092t 4837 Lttt 1Lt bLee!
! ! 273! 89! ! 02! 678! 064 L36! 248 % 148! 2t
'Feb, Ist! LW L4ZY 080 920 LAP! O dAh - L9TD O 097! LMD 09!
! ! LY 05 622 LA 8 0.38! 246! 231! 50! 082!
! Jrd? 2,98 054! LAY LI ¥y DG GBS 2B LAY LAY
Har, {st! 1,987 0.62! 3.89! LG A0 09t 04! tar !t teot! 4,81
! ! LEZ2T 43! L9 LIG! st 0% 683 L3P 083! 0601
! Ied! 297! .01 1400 0.7 4! oMy 2420 L7 D LD 045!

ifpr. Ist! L9100 7% 2o Lt 83t 82 AR 471! 051t 032!
! rd) 2,88  0.89! .23 MY 3 bmY L3y 05! 0.2 buBe!
! ¢! LO2Y 03! L3 2030 33T 641! 089! 038 09! 059!
May tst! G2 427 2.37Y 0,84 2060 0.2BY G471 0.2%) L3 0.32!
! gt LIF! L8 Lt 23t LIt eyt 4t 0t 467! 032
! Jed! 2491 0.4 L7y 682 LAY ! 01l 040 Lt 0.23 1
Hupe Ist!  L93) 0.28! Lo ! 633! 091! 17! LD Ll 080! 67!
! ng? Loal 0.23) 0.4 03B! LAY OM6) LY DAY 088 005
; gt G2V 0200 055 430 44 E 0 A At 0.5R Y 036 g
Huly st 0547 020 042! 028' 039! bzt 030! L¥FP 4Nt G2
! nd? 040! o.18! 638! 02! 03P of0! X! 059Y 620! 011!
! Irdd 03F! 046 Y 035! 0250 033t G.0% 0 Q8P 038! 0.4F! 015!
‘g, Ist! 032! 013! 4.33' 0.3 A3t 007t AMEt 031 Y 7Y 034!
! ndt 030Y 1Y ol 0B3Y 0N Y 043 S B LRt 07
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Table 2.2.3

EFEREREIRERIN LR R RN RERUEE

# ESTINATED TEN-DAY RUMOFF #
FERRREESNREL KRR HEH HERRREE

(4/4)

RUNGFF OF K.HARAK RIVER

' oWenth ! 1981 1 1982 1983 ' mean !
Nan, 1st! 2670 24301 2130 LI
r ! LAY OS24 L3
U 3rdt 0910 208! LI2¢ LeL!
'Feb. st! 079! 3780 250! 159!
Coaadd 000! 303 F LI 147!
U gt f.0B! 2000 LM L7
Mar, 1st! 140! 4,08 LB2! 198!
Co2md! 1520 8091 247! 2040
' 3rd! 083! 450! 081! 73!
Mpr. 1st! - 0.8 2061 142 L59

o amd! 041! LATY O LO4! 148 !
L 3rdt B! 1500 078! L3
May fst! 243! 0930 L9 ! L4
t adt LMD 0400 .87 ¢ 6.1
Vo 3rdt 057 0431 0.85 1 0.64
ure Ist! 0400 034! 077 0,63 !
P omd! a2t 0320 049t 0.4 !
b 3dl 073! 0300 035! .34

uly dstt 0,331 028! 0.27! 039!
b et 636! 6t 625! 0.3
' 3! 0200 0361 023! 628!
ug, Ist! 07! 0230 024! .25
ot 045t 620! 049! 0.20 ¢
C St 030 08! 047! 047!
Sep. Ist! 001! 045! 045! 014!
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U 3l 20 2970 0.9 ¢ 154!
otl 1st! 076 ' 133! 0.88B¢ 0,90 !
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Table 2.2.4 © ESTINATED TEN-DAY RUNOFF. & (1/4)
SEEERERERNERLALELELARRRLERER
KETANDAN
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! mdt ALY BRI LISY O O0TAY O £93 Y D20 BARY A00Y DB Y 0.3B
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; and! 0.0 005 LMY 006 T A1t 003 8050 008! 0040 0061
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! nd! 001 Q04! 007 E 003! 0.08Y 603! 002! 005! 002! 003!
d Ird! 0.01 1 0.02F 006 0030 007 % 002 02! 4047 G00 ) 002!
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Table 2.2.4 ¥ ESTIMATED TEN-DAY RUNOFF +  (2/4)

FREARER R LR IR E R R RS

KETANDAN
CoMonth ! 1951 ¢ 1962 1 193 1 194 ¢ I%5 | 1986 ! 1967 ! 196 ! 1969 ¢ 1970
an, fst! G310 046! 692! D43t 0991 073 087! 081! 037! 026!
CZng? 0410 DA 045! 035! 025 045! 093! 048 055! 0.24 !
Vg 0320 LA9 0390 0470 058 088! 042! 030! 030! 139!
eb, Ist! 0.97 ¢ G350 07! L2 LI 0320 LI AT el 190!
O ot 0820 08U O 0550 107! L3 078% 0.8B! 089! 123
b o3dt 052 049! 082! 0.50¢ 075! L' L30! 058! L3 L0
War, fst! 0370 0970 LS LI19! @520  LB4!  OSTD L2 09! Lo
C gt 097 % 088 076t 055t 061! 120! 037! 063! 098! 145!
Vo gt 0410 G370 LObY  LIE' 044! 0.60f 227! LET! L3221 043!
pr. tstt 0,23 025! LOS! 0470 065! 0.88% LI7Y ZL16! 0.5 0.5
Cadt 0280 0771 0811 040! 0290 0440 D691 Li4! 039! 046!
b o3dt 0831 LIZ! LOS ! 0271 009! .84t 04! 088! 030! 037!
May 1st! LI0! 0970 QB LO7D 042! 072! 034 854 02! 053!
o 7adt 0.5 0331 0350 0380 0.090 039! 024 051! 016! 059!
Lyl OR!OR! G2 02! 008! 049! 017! 0B 002! 0.8
Nune fst! 0220 0200 0360 029 0070 083! 03! 049! 02t 0.22!
Ul 06! 09! 049t 022! 047! 025! 0421 049! 011 0.6
Cod 000! QI3 00 09 0890 0B 01t 0400 0001 043¢
guly It .09t 0001 0130 0030 0.08' 04! 010! 098! 009! 0.12!
Ul 0081 0030 Q2 00¢ 005! 042! 010t 053! 0.08! 0.1
U Zat 070 008 GAL! 0090 0.03% Q01! 009! 04801 007! 010!
tug, fst! 0061 0.07 1 QI8¢ 0.09 ¢ 0081  0ult 007! 033! 0081 009
© o 0050 D.0B! 0.09%  0.0B!  003). 0.0¢ 0.06% 025! 0051 .08
Vo odd 0051 0.05 1 GOB! 007! 002! 009! 005! 018! 0.08' 007!
g, tat! 0040 005! 0071 0.06 1  001F 007! 0081 006! 0031 .05
C gt 0030 0,041 0.06% 0,05t 001 0.061 0081 05! 002! 005!
Codt 0020 0,030 0050 0061 000! 0.05! 003! 03! 001! 005!
gt fstt 0.010 D020 008 0391 0.00% D05 002! 0121 0.01 1 008!
Ut 00D D01 003 % 0821 0.80f 0.06¢ 0.01¢ A1 000! 003!
b3 0010 001 - 0,020 022! 00071 Q.04 0.00% 0000 0.00 1 0,02
Nov. Istt 0001 0431 0,001 0271 0000 0.02¢ 0.00! 029! 003 0,02
Cgndt 0220 0D BOEL 0441 000t 0Pt 0001 037! 002!  0.05 !
Cood o 0.09 0 057! 001t 043¢ 0000 0.081 602! 023! 0031 035!
Dec fst! Q06! 0431 0021 0081 602! LAY LOLY 05! 006t 054!
C ozt 008 0790 102! 0.081  LI9'  LSEY 0491 L2501 o420 031!
bl 0040 0700 0580 053¢ 0.82¢ 033! L350 07! 0.9 ¢ 148!
Motl tstt 0200 0401 040 0.38¢ 0.29 ! 049F 086% 0.39f 0301 0.4
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Table 2.2.4 ¥ ESTIMATED TEN-DAY RUNDFF ¢ (3/4)
EERENEREREREAREES LSRN ERFRERY
KETANDAN

UoRonth ! 1971 0 1972 ' 973 L 974 11975 ' 1976 ' 4977 ! 1978 ' 199 ! 1980 !
an, fst! 0710 08t RIS U 0360 LITY 0860 085! LO2ZY 2061 054!
Coamt 2260 057! L34 0440 085 045 042! 079 063 039!
Co3d! L3S0 L7 LIZY G50 0380 031! Q4T LAY 073! L83
Feb, Ist! 8950 0,700 102! LA3! Q.58 0231 097! 047 06b ! 0.54 !
boooandt 064 0291 306 74! OSBY QB! B2 LMY 074 040!
voo3rdt LA 0260 LB 07! 0491 0090 042! LAO! 0.9 0.80 !
Mar. 1st! 0970 030! LA2! 676 LB 648 032! 0520 049! 039!
roooamdt 0790 LIS 0B 08h' LSS 04T 0810 0.55' 042! 029!
boo3rdl LA 099t 0691 0360 LAY 036 L9 @52 05! 012!
or. Istt 0940 039! 059t 059 075 D40t LIT! 035! 025t 0.5
tgnd LALY O 0380 0800 179! L6502 045! 025! 030!  0.39!
b 3rdt G300 025 07801 1,00 Lest 020! 034 017! 047! 019!
May fst! G40 070! LY 04t LOL' 03! 03 812! 055! 025!
boogndt 048 0581 078! L0t 0740 040t 05 08! 0341 0.8
U 3rdt LOTY 0200 087! 0400 .60 0091 0B 0200 043! 011!
Uune 1st! 0950 Q81 049t 026 044! 008! 056! 054 0.3 0,08
tognd? 051 0ME ! 0360 0a8Y  0.37'  0.07' 059t 039! 0.2 007!
o3t 0350 0000 027t 045! G248t 007! 022' 027! 08¢ 9,07
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Cooret 70 007 87t 0420 006t Q.04 8091 0.8 009! 007
fhug, fst! 006! 0061 0061 047! 005! 603 ¢ 008 0051 008 .16
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Bep. Ist! 0121 004 612! 0.08' 01 001! 005t  0.08' 005!  0.02°
om0 B03' 05 08¢ 020t 0001 004! 007! 0.04'  0.02¢
U 3rdd 000! 002! 673 0091 000 600! .03 606 004! 0,011
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Co3rdt 0700 087 056t 050 6890 042! 034! LAB! 048t 167!
Totl fst! 074! 032!  0.74% 053! 0.kt 0091 0370 038! 034! 034!
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Table 2.2.4 ¥ ESTINATED TEN-DAY RUNDFF
BRETEARTRRNRL LA DL LA ERET
KETANDAN
t Month ' 1981 ! 1982 ' 1983 ! aean !
tan, tst! L3 119t 1,050 0.87 !
ol 0730 0520 115t 0.67 !
ro 3rd' 0.45 0 LO2' 055! 079!
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v gt . 04 2L 040 0,85
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Hay fst! 104! Qa6 0.9 0,56
U ozmé! 56t 030! 083! 040!
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Vet 0t 045 BT btk d
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T gt MY 04D 0.2 04!
Pt 00 07! 0t 003!
hug. fst! 0.0 01 00 0,20
0 omd! G0 B0t 009 000
' 3t 006! 009!  0.08' 0081
tsep, fst! 005! 007!  2.07 ! 0.7 !
v dt 004 006 005 0.06 !
1 3rd 057 005 005! 0.08 !
et, Istt 0,29 ' 004t 0040 008
v Zadt .05t 003t 005 .08
boodrdt p02Y 0 B8ZY 032 .00
tov, 1st' 0 0.1 ' Q.01 611! 0.7
booodt B3 001 03B g
U 3rd! 43tU 0 0000 0.B3 Y 0,29
bec. fst' 047 % 0350 041 ' 058!
oadt G760 LD 02t 0B
P rdt 10B' LAEY 088! 078!
ot fst! 0.37 ' 065 ¢ 0431 0.44 )
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2.3 Flood Flow Analysis

Flood distribution analysis in the Widas river basin was carried
out as a part of the entire Brantas River Basin in the Part 1 Study.
- In the Part-II Study for the feasibility study on the Widas flocd control
and drainage project, the detailed study on flood discharge estimation
is performed incorporating the additional hydrological records as much
as possible. ‘

The flood analysis consists of the following components

- modelling of the river basin and channel,

- construction of a river system model in which the river basins
and channels are linked,

~ rainfall analysis for determining the design rainfall duration,
rainfall amount and pattern,

— runoff calculation for the present river condition using the
river system constructed and the results of rainfall analysis.

2,3.1 Methods and Procedures

Probable flood discharges are estimated from probable rainfall using
the storage function method. The flood analysis 1s consisted of -
coustruction of river system model, rainfall analysis, and flood dis-
charge calculation as mentioned in the previous section.

The general proceduré of the analysis are 1llustrated in Fig,2.3.1,
Table2.3, 1 shous the comparison of the procedurs between Part 1 and Eart—
IT study,

1. Construction of River System Model
(1) Basin Division / Base Point

The Widas river basin is divided into sub-basins taking'into account
the base points which are the site for estimating the probable flood
discharge. The base points are distributed at the following site,

- Before/after the confluence with the major tributaries

- Proposed/existing dam site
~ Proposed/existing flood diversion



(2) Storage Function of River Channel

River channel has a retarding effect for flood discharge according
to the river width, ghannel length, and river bed slope. 1In this study,
it is assumed that the retarding effect is considered for the river
channel in the flat plain taking into account the viver bed slope.

The effective river width for retarding flood discharge is assumed
by using the regime theory as below '

B« eq®

Where, B : River width (m)
Q- : Flood discharge (m3/sec.)

e ! Constant

. In the above formula, flood discharge is estimated from the catch-
went area for the river chanmnel and the relation between the catchment
area and specific discharge studied in the Part-I study in case without
retarding basin. However, if the diking system exists in the channel,

the width of the system is applied.

The storage function of river chammel is estimated from the river-
cross section, river bed slope, and length in addition to the above
- river width using the non-uniform or uniform flow calculation method.

. The basic formula of storage function is shown below.

s = KQ©
Where, 'S : Storage volume ( m3/sec. )
Q : Flood discharge ( m3/sec.')
K,P : Constant '

?

(3) Dam / Reservoir

' If the dam/reservolr has the flood control space, the effect is
calculated based on the relation between reservoir water level, storage
volume and ocutflow from the spillway using the following equation.

dsfdt = I - 0
Where, S : Storage volume ('m3)
: Inflow into reservoir ( m3/éec”)

0 : OQutlow from reservoir ( mB/sec )



(#) Retarding Basin
(a) Natural retarding basin

Natural retarding basin has a vetarding effect for flood discharge
like a dam/reservoir having a flood control space because of a
small discharge capacity of the river channel and a large retardlng
volume on the flood plain. In this analysis, natural retarding
basin is expressed as a model like a dam/reservoir.

Retarding volume is estimated based on the topographical map of
1/2,500, and the water level-discharge curve is calculated by means
of uniform or non-uniform flow calculation method.

(b) Controlled retarding basin
Controlled retarding basin is designed as a side channel type with
overflow weir. Therefore, runoff retarded in the controlled re-
tarding basin is estimated by substracting the control volume

assigned from the flood volume from the peak on the estimated flood
hydrograph,

(5) Flood Diversion
The flood discharge downstream from the flood diversion is estimated
by multiplying the diversion rate to the flood discharge flowing into

the flood diversion point. Diversion rate for the existing flood
diversion is estimated from the operation record or structural condition.

(6) River Sysiem Model

River system quels for the present river condition are constructed
based on the topographical map of 1/2,500, and 1/50,000.

2. Rainfall Aunalysis
(1) Design rain storm duration

Design rain storm duration is determined by examination of the
rainfall characteristics and pattern in the basin, based on hoiurly and
daily rainfall records.

{2) Hourly rainfall distribution

Based on hourly rainfall recorded at rain storm in the basin, 3
observed rainfall patterns are examined for estimating probable flood
discharges, Out of 3 flood discharge, the maximum are adopted as design
flood discharge,

Hourly rainfall distribution in sub-basin for the above patterﬁ is
estimated by means of Thlessen's method.

(3) Probable rainfall

Probable rainfall is estimated by Gumbel's method using the basin
mean annual maximum rainfall at base point. This estimation is made for
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the duration from l-day to desipgn rainfall duration with different return
periods.

Basin mean annual maximum rainfall at base point is calculated by
means of Thiessen's method,

{4) Probable hourly rainfall pattern

Probable rainfalls are distributed as follows on the basis of the
observed rainfall pattern.

(é) Probable l-day rainfall is distributed to the maximum l-day rain-
fall among the observed rainfall. '

(b) Tor probable 2-day rainfall, the difference caleulated by sub -
_ structing l-day rainfall from 2-day rainfall is distributed to the
observed according te the observed pattern.

(c) Probable rainfalls from the 3¥day to the design duration days are
distributed to other days by the same way.

The hourly pattern of the ralnfall distributed by the above method
is given as below.

n = Rd/Ro
Ri{t) = n x Rioc (t)
Where, Rd :  Distributed rainfall amount to a day
Ro :  Observed rainfall amount in a day
Ri(t) : Hourly rainfall of probable rainfall
Rio(t) : Hourly rainfall of the‘observed in a day
n : Ratio of the observed to the probabie rainfall

The above rainfall pattern for design rain storm are modified on
the assumption that possible l-day and l-~hour rainfalls shall be equi-
.valent to or less than the amounts estimated by the following formula.

Rp, l-day = Ri ~ day x exp (-0.2 x AO'Z) / exp. (-0.1 x A'O'z)

Where, Rp, l-day : Possible i1-day rainfall in a sub-basin
Ri -~ day : Probable l-day rainfall at the base point

A : Catchment area of sub-basin
Al : Catchmént area at the base point
Rp.24 (R, /8) x (8/1)%/3
Where, Rp.24 : Possible l-hour rainfall in a sub-basin
R24 t 24 hours rainfall is a sub-~basin
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The rainfall which exceeds the above possible rainfall is diétri~
buted to other basin and/or hour.

3. ‘Base Flow

In the area which has a half-year wet season, the base flow for
river channel is high because of daily sequence of rainfall. And if
there is a flood control works such as a river dredging and flood di -
version, the base flow will change from unatural or present conditioun.

In this study, base flow is estimated by using hourly rainfall in
a month corresponding to average of annual maximum rainfall amount in
the basin. In this simulation, the rainfall is input to the river sys-
tem model, '

Probable flood discharge is examiﬁed_ under the condition of the
simulated maximum base flow.

4, Flood Discharge Calculation

Flood dlscharge is calculated by the st01age function of Wthh
bhasic equation is described as below.

"Sub-basin
T - q = dSofdt

50 = K.qp
q = qp (& -1
' = 0.2778 (fq + (1-f) qsa)'A +Q
Where, T : Basin average hourly rainfall (mm/hr)
q : Runoff depth from a basin (mm/hr}
Q, : Run-off depth from a basin with lag time, Tl
(ma/hy) o
9en :  Bun-—off d8pth_frdm a basin after satufation
rainfall, RSa3 (m@/hr)
.t Discharge (m™/sec.)
f ¢ Run-off coefficient (r = Rsa £f = fl r RSa
_ £=1,0)
A '~ : Catchment area (kmz)
Q : Base flow _(mg/éec)
K, P : Coefficient
t : Time (hr)
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(b) Kuncir flood diversion

Diversion rate for the Kuncir flood diversion/operational condition
for present condition, and from the downstream discharge capaclty
and flood control plan for alternatives.

(¢) Reservoir

In the Widas river basin, the Bening dam had constructed in 1982,
The Bening dam has a emergency flood control space., However, this
volume is operational ‘allowaice for the design flood having a rapid
rising rimb in hydrograph. From the above consideration, these
reservoir give no influence to flood discharge.

2.3.2 Rainfall Analysis
1. Design Rain Storm Duration

Judging from the river length of about 80 km in the Main Widas, the
flood discharge flows into the Main Bramtas in 10. - 15 hours, assuming
that the flood flow velocity is 2 m/sec. However, there exists the
retarding basins and the inundation continues for one or two weeks
averagely since it rains almost every day with a duration from 8 to 12
hours in a wet season. Therefore, the examination of rainfall duration/
characteristics is needed for determining design rain storm,

Based on the daily rainfall records at ;
- Nganjuk located at the center of the basin, :
- Semantok, Ngluyu and Ngrambek located at the northern hills, and

- Sawahan located at Southern mountaneous area.

Daily rainfall amount more than 10 mm occures continuously within 6
duration days as shown in Table 2,3,2.

Cousequently, 6 days are adopted as a design rain storm duration,
2, Hourly Rainfall Distribution and Pattern

The following 3 rain storm records are used for comparison of flood
discharge by the difference of the rainfall pattern,

- January 23 - 28 1982
~ February 3 - -8, 1982
~ January 26 - 31, 1984

- The above patterns are selected from the duration, rainfall amount
and its distribution in the basin.

.Flg 2.3.2 shows the distribution of l-day and 6-~day rainfall amount
and Fig. 2.3.3 shows the hourly rainfall pattern at the confluence with
the Main Brantas.

_Thiessen polVygaon and coefficients for calculation of hourly ratin-
fall pattern are shown in Fig.2.3.4and Table 2.3.3, respectively.



3. Probable Rainfall

There are 37 stations where the dally records are avallable.
Out of these stations, 13 stations 1llustrated in Fig.2.3.5 are selected
from the location and representative area in addition to the available
period of the records.

Thiessen's pelygon and coefficients are shown in Fig. Z.3.6 and
Table 2.3.4.

Table?2.3.5 shows the annual maximum basin mean rainfall with
duration from l-day to 6-day and the frequency curves are described in
Fig. 2.3.7.

Probable rainfalls are shown in Table 2.3.6.
4, Probable Rainfall Distribution

Probable rainfall distribution is determined according to the
hourly rainfall pattern observed on Jan. and Feb., 1982 and Jan. 1984.

2.3.3 Flood Runoff Coefficient

Relationships between storm rainfall and flood run-off depth at the
Karangkates and Selorejo damsites and Ngudikan water level station are
as shown on Fig. 2,3.8 based on data at damsites in 1981, 1982 and 1984
and at the water level station in 1976. From this figure, the prelimi-
nary run-off coefficient is set at 0.3. The maximum limit of rainfall
to saturate rhe pround surface, depressions, etc. completely is set at
200 mm, taking into account the gecological,: scll and vegetation conditions
in the basin,

2.3.4 Base Flow

Base flow, which is runoff just before the increase in discharge
due to flood, is expected to be high in a wet season. And then, the
base flow will be varied by construction of floood control facility.
Therefore, the base flow for probable flood estimation is simulated by
using this rainfall - runoff model and hourly rainfall in a mouth,

Monthly rainfall pattern on Jan. 1983 which are corresponding to
the average of annual maximum basin mean monthly rainfall amount in
Table 2.3.7 1is applied for the simulation. Fig. 2.3.9 shows the basin
mean monthly rainfall pattern in the K, Widas basin, In gemeral, it is
considered that the base flow is formed by loeg-~term tunoff. Therefore,
the runoff coefficient is estited to be 0,47 according to the runoff
record at Ngudikan in Table2.3.8 water level gauging station which is
studied by the Bening dam project,

in this pattern, total amount is 380 mm and 70% of total amount
falls in 15 days. Therefore, the base flow at the end of 15th becomes
the maximum, 94,0 m3/sec, on the present river condition as shown in Fig.
2.3.9.

From the abové, prdbable rainfalls are set at 16th to 2lst for
estimation of probable flood discharge. '
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Qpannel.Flow

g = xqb
ds =1 -0
t
Where, 5 : Channel storage (m3)
Q Outflow from the channel stretch (m3/sec)
K, P : Storage functions
dt : Unit time (sec)
ds : Incremental channel storage corresponding to
' dt (md)
I : Inflow to the channel stretch (m3/sec)

2.3.5 Results of Basic Study
2.3.5.1 River System Model
1. Storage Function Mecdel

Aeéording to the flood contrel plan, the Widas basin.is divided into
26 sub-basins as shown in Fig.2.3.5 taking into account the location of
base points, '

The storage function of sub-basin in Kedung ridge and foot of G. Wi-
lis is determined from the results of Part-I Study and the emperical formula,
which is studied on 6 rivers flowing in flat plain in Japan, is applied to
sub—basin in the alluvial plain,

The catchment area, river length, coefficients of storage function
and lag-time of each sub-basin are summarized in Table 2.3.9.

For 11 channels illustrated in Fig.2.3.10 the coefficients estimated
by the uniform and non-uniform flow are listed in Table 2.3.W In hydrau-
lic calculation, it is assumed that the water level in the Brantas is set
to the design high water level of the Brantas Middle Reach River Improve-
ment Project, IInd Stage,

2, River System Model

The river system of the K. Widas under the present condition are
shown in Fig. 2.3.10.: 1In the construction of the river system, the follou-
ing structures and conditions are considered based on the topographic map.

—~ Retarding basin on K. Widas, K., Kedungsoko, and K. Ulo

~ Kuncir flood diversion

~ Bening and Kedungwarak dam/reservoir

(a) Retarding basin on K. Widas, K. Kedungsoko and K, Ulo

. These retarding basin is $till on natural condition., Therefore, the
model as same as dam/reservoir is applied for present condition.

Table 2.3.1Ishows the relation between the water level, retarding
volume and cutflow discharge of these 3 retarding basinm.
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2.3.5.2 Probable Tlood Discharge

" probable flood discharges at base points under the present river
condition are listed in Fig.Z.3.11. And then, the flood hydrographs for
25-year probability, which is a design scale of overall flood control
scheme are described in Fig. 2.3.12.

Fig.2.3.13 shows the flood peak discharges at the principle site
when the probable rainfall occures in the entire K. Widas basin.

Basic high flow discharge on 25-year probability which mean the

flood peak discharge in casé of full confinement of X. Widas are shown
in Fig.2.3.l4axd the hydrographs are illustrated in Fig. 2.3.15.
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Table 2.301 COMPARISON OP THE PROGEDURE IN PART-1 AND PART-11 STUDY

Item’

Part - 1

River Svsiem Modol

{1} Base Point

(2) Basin Division

Nos. of subebasin

Yos. of river channel

(3) 3torage function of
sub-basin

Mountaneous ares
Flat plain :
(4) Saturated rainfall/
. Preliminary runoff
cogfficient
Saturated rainfall
Preliminary runoff

coefficient

{3) Storage function of
river channel

{6) Retarding basin
Present Condition

Alternatives

(7} Base flov

Rainfall Analvsis

{8) Desiyn rain storm
durazion

(9) Rainfall pattern
{10} Probable rainfall

{11} Probablé rainfall
pattern

{a) After/before the confluence with
the main tributaries such as the
Kuncir and K. Ulo.

{b} Dan/resarveir and floed way.

According te the topoegraphicsl
characteristic and flood control plan.

14 ¥Nas.
7 Nos.

Estimated from the runoff records at
Lengkong Widas and ¥.L. stations on
the lower reaches in K. Brantas.

14 Nos.

Estimated From the runoff/rainfall

. records at K. Kates dam/Serclejo dam

and Ngdikan W.L. Station. .
200 me
Q.3

Estimated by means of unform/non-
uniform flow celculation.

River channel model

Cut of flood peak discharge according
to design capacity

Estimated from runoff records at Pakel,

Kederi and Plogse W.L. Station.

3 days are sdoptod teking into
‘account the scale and length of

K. Brantas.

January 1981 and April 1984.

Based on the rainfail records from
1960 to 1983 at 5 stativns in/around
the K. Widas basin. Gumbel method
is applied for frequency analysis.

Observed rainfall pattern.
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"Part-I is gpplied.

Part - E1

- {a) After/before the contluence with

tributaries in K. ¥idas basin.

(b} Dam/reservair and flood wvay.

Seme as Part - i

26 Nos.
12 Nos.
In the mountaneous area, the modal in
In the flat plain,
the empirical formula is adopled.
8 Nos.
18 Nos.

Same as Part - I

- dg -

Dam/reservair model
Seme as the Part - I{ 

Based on the simulated base flow by
using a rainfall pattern observed on
Jan. 1933.

6 days from the rainfall charac-
teristies. - :

January and February, 1932 and Jenuary
1984,

Based on the raiofall records from

1950 to 1933 at 13 stations in K. Widas
basin. Gumbel method is applied for
frequency analysis.

Observed rainfall pattern.



Table 2.3.2 DURATION AND RAINFALL AMOUNT OF

Nganjuk

RAIN STORMS

2.28

Sawahan :
Date Amount Duration Date Amount Duration
(ram) (day) (mun ) (day}
1. 18-22. Teb, 51 139 5 15-20. Bec, 52 = 242 6
2, 30~ 5. Nov, 52 164 6 29- 1. Apr, 55 237 4
3. 7-12. Dec, 54 . 141 6 11-16. Feb, 58 188 6
4. 12-15. Jan, 57 115 4 5-10. Jan, 59 267 6
5.  10-13, Apr, 58 130 4 31- 2. Feb, 60 226 3
6. B8-14, Feb, 59 305 7 20-23. Jan, 62 296 4
7. 23-24, Mar, 60 137 2 16-19. Jan, 63 184 4
8. 16-20. Feb, 61 194 5 25-28. Apr, 66 249 4.
9. 9-12. Feb, 63 122 4 19-24, Jan, 69 280 6
10. 28-31. Jan, 64 150 4 22-24. Mar, T2 209 3
11,  2- 3. Mar, 64 173 2 1- 5. Jan, Th 192 5
12. 11-15. Feb, 66 133 5 29— 2. Apr, 75 243 4
13, 13 . Apr, 67 163 1 3= 7. Jan, T7 227 5
14. 14-15. Feb, 19 137 2 15-16, Teb, 78 227 2
15. 2= 5. Mar, 70 193 4 23-27, Teb, 79 178 5
16, 6- 9., May, 72 198 4 22-27. Jan, 80 182 6
17.  9-13, Dec, T4 222 5 8-12. Mar, 81 161 5
18. 29-31. Dec, 78 292 3 10-13. Jan, 82 230 4
19, 10-15. Apr, 79 259 6 12-15. Mar, 83 321 4
20. 12-16. Apr, 84 166 5 9-12, Jan, 8k 141 4
Amount Puration - .
Date (iom) (day) Station
1. 10-11, Dec, 82 83 2 Semantok
2. 18-19, Dec, 82 95 2 Semantok
3. 25-27, Feb, 83 93 3 Semantok
4., 26-30, Jan, 8k 137 5 = Semantok
5. 1-4 , Feb, 84 195 4 Semantok
6. 5-7 , Feb, 83 159 3 Ngrambek
7. 11-1h, Feb, 83 149 4 Ngrambek
8. 25-27, Feb, 83 124 3 Ngrambek
9, 25-26, Mar, 83 160 2 Ngrambek
10.  11-13, Nov, 83 166 o3 Ngrambek
11. © 27, Jan, 81 103 1 Ngluju
12. 25-26, Sep, 81 95 2 “Ngluju
13. L-8 |, Feb, 82 157 5 Ngluju
14, 3-7 , Mar, 82 170 5 Ngluju
15. 30-4, Feb, 84 214 6 Ngluju



Table 2,3.3 THIESEN'S COEFFICIENT FOR ESTIMATION
OF BASIN MEAN HOURLY RAINFALL
RAINFALL STATION

Sub Sawa- Leng- Kerto- Kali Bulak Ngli- Seman- Kali Gema-

Basin wan kong  sono Bening mojo - man tok Pace . Mati - Noluyu _Tang Tunglur
1 0.069 0 0 G.459 0.° 0.064 0O 0 0 0 0.089 - 0.319
2 0 0 0 n.767 0 0 0 0 0 0 0.052  ©.181
3 0 0 4] 0.783 O 0 0 ] ] 0 0 0.217
4 0 0 ] 0.270  0.059 O 0.6711 0 ] 0 0 a
5 D 0 4] 0 - 0.078 O 0.709 0O 0 0.213 0 0
& 0 0 0 1] 0 0 0 0’ 0 1.000 O 0
7« 0 0 0 ] 0 0.652 0 0.087 0,261 O 0
B 0.484 :{JA 0 0 ] 0.359 O 0.018 0 0 0 0.139
5  0.121 O 0 4] 0 0.268 0O 0.611 0 0 0 0
iu 0 a 0 0 0 0.156 0 0.638 0.206 O 0 0
10 0 .0 0 0 0.058 0 0.166 0.776 0 0 g
12 0.29% 0 0O 0 0 0.651 0 o 0 6 0 0.075
15 0 0 0 ) 0.289 O 0 0.714 @ i 0 0
14 0 0 0 0 0.791 © 0 0.024 0,185 0 0 0
15 D o 0 ] D.345 D 0 0.576 0.082 O D ]

16 0 0 0 0 0 D ] 0.094 0,906 0 0 0
17 0.196 O 0 0.164  §6.102  0.009 0 0.233 0 0 0 0.386
18 0 0 0 0.168 '0.832 0 ] 0 0 0 0 0
19- 0 0 0 0 0.683 O 0.061 0 0.256 O 0 0
2 0 0.009 0 | o 0 7.696 0 0.184  0.111 O 0
210 0.855 0 0 0 0 0.019 0 0.042 0.084 0 0
22 0 IO 0 0 0 0 0 0 0,229 0 0
23 0 0.183 0.276 0 0 ' .G 0 o g0.580 0 0 0
20 0 0 0 0 0.050 © 0 0.700 O 0 0 0.750
25 0 o 0 0 ] 0 4] 0 1.008 0 0 0
26 0 0 0 0 0 0 § 0 1,000 0O 0 0
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Table 2.3,4

THIESEN'S COEFFICIENT FOR ESTIMATION
OF BASIN MEAN DAILY RAINFALL

BASE POINT NO.

Station 1 2 3 4 5 6 7 8 9 10
Ked. Rejo 0.403 0,321 0.146 0.112 0.0 0.0 2.018 0.0 0.0 0.057
Sawahan 0.597 0,273 0,193 u;1a7 U.Q 0.094 0,318 0.618 0.344 0,430
Matokan 6.0 0,352 . 0.148 06.124 0.0 0.0 0.0 0.0 0.0 0.0
Ngan juk 0.0 0,027 0.064 0.04% 0.002 0.089 0.092 0.0 0.318 d.Dé&
Kacangan 0.0 0.0 0.186> 0.078  0.131 0.113  0.177 0.051 U.U§1 0,295
Klodan 0.0 0.0 0.147  0.112  0.389 0.312 0,253 0;325 0.181 0.129
iretes 0.0 0.027 0.ﬁ33 0.055 0.0 0.0 0.005 0.0 6.0 0.017
Jati 0.0 4.0 6.090 0.069 0.241 0.192_ D.156 0.0 0.051 0.0
Mrican D.b 0.0 0.077 0.658 0.237 0.160 0.130 0.0 . 0.0 0.0
Bangle 0.0 4.0 0.0 0.680 0.0 0.0 0.0 0.0 0.0 0.0
Lengkong 0.0 0.0 0.0 0.c48 0.0 0.0 D.O_ 0.0 4.015  0.009
Warujayeng . 0.0 0.0 0,0 0.028 0.0 0,040 0,035 0,0G. 0.0 0.0
Kertosono 0.0 0.0 .0 0.039 4.0 0.6 0.0 0.0 0.0 0.0
Catechment 212 490 1176 1538 392 572 684 79 141 112
Area (Km™ )
Note Base Point

1 Ngudikan

2 : K. Widas before the confluence with K. Kedungsoko

3 : K. Widas after the confluence with K. Kedungsoko

4 : K. iidas before the confluence with K. Brantas

5> 1 K. Kedungscko before the confluence with K. Kuncir

& 1+ K., Kedungsako before the confluence with K. Ulo

7 : K. Kedungsoko before the confluence with K. Widas

8 :. Kuncir flood diversion

9 : K, Kuncir before the confluence with K. Kedungsoko

10

K. Uls before the confluence with K. Kedungsoko
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Note; l-day to 6-day means rainfall duration.

Table 2.3.5 ANNUAT, MAXIMUM BASIN MEAN RAINFALL (1/6)
Unit : mm
T NGUDIXAR - T T
YEAR 1=dAY T2=DAY 3<bAY 4=DAY S=bAY 6«BAY
3950 _JUN. 23 ?z. FEBo 20 B4y FEBs 20 105. FEB, 9 146, FEB, & 172, FEB, & ¥4, __ .
1951 MAR. &4 93, MAR., 6 102, FEB, 18 4§11, FEB. 18 135, FER, T8 145, FEB. 18 148,
1952 DEC. 15 66 DEC. 15 1064+ DEC, 15 123, DEC, 15 t61, DEC. 15 189, DEC, 15 223,
1933 APRs 21" 72, MAY 4 103, APR. 21 137, APR, 21 151, BAY 1 1Bé, APR. 3D 228,
1954 NOVL 1 43, NOV. 1 103, 0CT. 31 113, OCT, 31 119 DECs 9 134 DEC. 9 142,
1955 FEBs 9 8B, FEB, 9 103, MAR, 30 13&a HAR, 29 173, MR, 28 77. MAR. 27 208,
1956 REBL & S&. JUN, & 75, JUN, & 114, DEC. 10 117. JuN, 1. 142, JUN. 3 180,
TUUUNSSTORPR, 29T Bda JANe 26 1A JAHL 257 95s JAW. 24 17hs JAR.T24 T129. JARLT2777150,
1958 DpELa 31 904 APR. 11 106, DEC. 29 142, FEBs 8 1494 FEB. 7 177, DEC. 26 210,
195¢ pEC, 7 B2. JAN, & 102, JAW, 5 135, FEB. 9 154, FEB, B 199, FEB, B 212,
1960 JAN. 1 106, 3AN. 1 106, JAN, 31 137, JAN, B8 147, JAN. 7 153, JAK, 25 183,
1961 APRW3 59, FEB, 15 11 98 APRs 10 124, APR, 9 _ 136, APR. B V&b,
— 19827 Ik, T R3T  T2.IAN, 22 21T A6V JARS 2077177, JAR, 22772124 JANGTR1T 233,
1963 FEB. 3 86, DEC. 30 - 95. FEb, 38 106. JAN. 13 125, JAX, 13 14k, JAN, 13 165,
S 1964 JAH, 12§70, ROV, 9 932, NOW, 9 143. NOV. B 150, NOY, % 158, NOV, 10 - 16%.
1945 KOV, 29 3B, DEC. 22 . 46. DEL, 22 7%, DEC. ?2. 108. DEC. 21 120, DEC. 2% 120.
1966 JAN. 29 81, JAN. ZB Y294 JAN. 28 14ha JAN. 28 152, MAN. 26 1485, JAR, 26 173,
1967 DEC, 2 87, BECo 2. %04, DECs t 117 FEBs 2% 120, FEB, 19 1404 FEB. 19 161,
T TTASAETRARG 2T AR ARG 1T TR AR RS T 32, HARY 29156 HARL T 26 T 2060 RERL 25T 233,
1969 JAN. 12 8%. FEBe 14 129, FEBW T4  142. JAH. 20 1564 JAN, 20 188. JAN, 1% 213,
1970 aAY 23 46, XARs &  B1, FEB, 5 10B. MAR, & 130, HAR, & 14k, KAR. & 150,
1979 FEB, '5 72, MAR, 16 7791, FEB. 5 104, FEB. 5 125, FEB. % 143, FEBs 5 1358,
1972 FEB. 11 T4y MARe 22 1134 MAR, 22 14854 MAR. 22 156. MAR, 22 188, MAR, 1% 213,
T TUIRTSTRAR,T 8 ST T MARG B 7ATTRPR, 23 IGEL T MARY 11T 127, RAR, T8I0, BAR, T E T 145,
1974 FEB, 13 63, PEC. 10 T4, DECs. 9 113. FEB. 27 124, FEB. 26 133, FEB. 27 161,
1975 00T, 24 " T2, APR. 18 7 91, HAR. 29 123, MAR, 29 444, MAR, 29 182, MAR, 29 %74,
1976 HAR. % 75, WAR., & 122, BAR, -8 125, AR, £ 125, ¥OV. 21 133, JAN, 1 154,
1977 JANS 4 0 89, JAN. & 138, JAN. 3 170 JAN. 3 182, JAN. 3 194. FEB, 19 207,
1975 FEB, 13 100, FEB. 15 140, FEB. 162. FEB. 13 207. FEB. 12  2%1. FEB, 11 221, e
T T AT ARRY A 89‘—TEﬂ“zr—'1UU‘"IPR““13“T31““1ﬁa7“21‘“13o:—ivk:'iz““ﬁ63:‘?13:“27"‘1?1:"““ ’ ’
1980 JAN, 22 64. JAN, 21 U85, JAN: 21 96. dANL-21 111, JAN. 21 2%, JAH. 17 158,
1921 PEC. 10 66, DEC. .9 &8, JAN, 26  78. JAN. 25  9b, MAR. 2 $04o MAR, & 114,
19E2 BECL. 26 66. BARS 12 7 92, JAR, 11 7130, JAN, 10 163, HAR. % 12%. MAR, % 393,
1983 MARy 2 Té. MAR, 14 114, MAR. 12 147, MAR, 12 211. MAR., 11 211, BAR, 12 259, o
KoWIDAS BEFORE CONFLUENCE WITH X KEDUNGSOKO
YEAR 1=DAY 28 Y ] 3+DAY L-paAY S«DAY &=DAY
__ . 1950_JUN. 23 75, MAR. 30 86, FEB, 8 - 94, FEB, 9 140, FEB, 8 165, FEB. 7 _ 170, .
195t FEB, 18  9b. FEBs 16 106, FEB, 1B 12Z. FEB, 18 137, FfBe 18 147, DEC, $7 151,
1952 DEC. 20 54, DEC, 19 . B&, DEC, 18 _3$13. PEC, 17 137, DEC, 16 143. DEC., %5 203,
$955 APR, 23 8BS, FEB., 27 114, APR, 21  160. APR, 21 178, APR, 20 178, APR, 30 185,
1954 NOV, % 59, HO¥e 1 79, DEC.. 9 90, DEt. ¢ 111, DEC, 9 135, DEL. 9 141,
1955 FEB. 9§ 65, HARs 30 93, MAR. 30 137, RAR, 29 161, MAR, 28 166. WAR, 27 123,
- 1956 MAR, B_ 92, MWARs 8 131. BAR, 7 13%. MAR. B8 156, MAR, 8 19T. AR, '8 205, -
1988 TAN G 227 93, 3AR. 21 121, AN, 2V 136« JAN. 21 146, JAN, 21 6%, JANW, 22 7198,
1958 APR, 1 . 51, APR. %1 91, FEBa. 7 105. FEB. & 119. MAR, 2B: 145, MAR. 27 160,
1959 FEB. 20 40. JAN. 6305, JAR. 5 127+ FEB. 9 151. FEB, B8 179, fEB, 8§ 189,
1980 JAHe 17 B TINNG TATTPEL IRRLTYUUUEB, JARS 8T 100, RARS TS 117, HAR. T 128
1961 _APR, 11 64 APRy 10 76 APR, 11 943 APR, 10 106. APR, 9 _ 194, APR, & 119, e
- TTAYESTAPRL T30 T S ROV. 2 95 ROVL 2 AXACTHOVS T2 isé, WOV, 2 176, WOV, 2 1k,
1963 JAK, 3 B9, JANa . 3 102, JAKe 1 12%& JAWo 1 '134. FEB, 18 138, FEB, ¥7 149, .
1964 HOVL 10 T 85. WOV TSROV, Y T 1204 ROV T8 23 AR, 1T 130, RARL 1144,
1965 DEC, 17 72, DECS: 17 B&g DEC. 22 93¢ DEC, 16 120, DECo 13 Y54 DECe 13 165,
1966 FEBs 15 85, FEBo 147 7142, FEB. 13 7155, ¥EB. 12 179, FEB, 12 184. FEB, %1 989, =
1967 DEC, :2 &7, BECa 3 Bh, DEC, 1 9ks DEC, Y 965 .JAN, 10 114e JAM, 9 132, .
T T A9eE MARY 5 85, MARG. & 9B DEC. 15 110, RAR, & 138, DFC, 14 154, MAR, 35 177.
1969 FEB, 14 5%, FESe 14 90, JAMe 21 118. JANe 21 144, JAN, 20 162, JAN, 19 - 177,
%70 FEB. 6 5%, FEB, & 103, FEB. 5 126._!23. A V41, PEB, & 177, FEB, & 184,
1971 FEB. 'S 42, KAR. 30 58I WOV, V8 73, ROV, 17 90, JAN, 12 99. MOV, 15 112,
1972 BAY & k1, BAY b . TBo MAY 6 0B MAY- . 5 ' 1%h, MAY ‘4 125, MAY__ 3 Q26
1973 FEB, 12  59. FEBa 11 10Zs FEBa 10 125« FEB, 11 157, FEB, 10 177. FEBS 11 184,
1974 FEBo 27 ~ 60, DECo 10 101, BEC, 9 i 319, FEB, 27 127, FE8. 26 137, FEB, 27 152,
1975 AFR, 38 65+ APRL 18 100. APR. 1877135, APR. 177 149, APRJ 16 160, MAR, 5 174,
1976 0CT. 17 43, NOV. 21 79, HOV, Z1 104, NOV. 20 130, MOV, 2D 132, HOV, 20 144,
1977 MAR. 267 Téa JAMa & 108, JAK, 3. $32. JAH. ' 3 137, JAH. 3 145, JAaM, 3 145,
1978 DEC, 31 83, DEC. 30 123, DEC, 29 155, DEC, 28 - %72, DEC, 27 201, DEC, 26 207, R
TIETVF rEa. 75 56e AFR, 15 83, FEB. 23 T25. FEB. 22 152, AFR. 1¢ 160, FEB, 22 163,
1980 JAN. T3 SEL JAR. 2177 &3 pEC,T 3T 77. BELL 3 95, DEC, 2 110, Jan, 4777138,
1987 DEC. 10 53, MAY 9 40, NOVL 22  67. DEC. 7 . The JAM, 24 B2, MOV, 22 - 92,
1982 DEC. 26 71, #MAR. 12 10%, MAR, 12 123, MAR, 10 146, MAR, 9 170, mAR, 9 192,
1983 MAR, 92 5B, FEB. b T4, 3RM, 3% 96, WAR, 12 136, HAR. Y1 VAB, BAR, 12 146, e



Table 2.3.5 ANNUAL, MAXIMUM BASIN MEAN RAINFALL (2/6)
Unit : mm
HIDAS AFTER CONFLUENCE WITH K. KEDUNGSOKD T T
YEAR 1-DAY 2unAY B-phy T 4~DAY S=DAY S=DAY
e YOS50 MAR, 24 55, 00T, 31 68, FEB, 10 80, FEB. 9 113, FEBs & 132, FeB, & 1&0,
1o5Y FEEL ¥E 77, FEB. 8 A9, FEB, 18 102 F€@. T8 121, FEO. 18 127, FEo. 18 1200
1952 BECs 15 44 PEC. §5 81, DEC. 15 103. DEC. 15 126, DEC. 15 151, DEC, 15 190,
V953 FEBs 28 81, FEBe 27 791, APR, 21 104, APR. 21 130, APR, 30 145, APR, 30 175,
1954 DEC. 9 44, ROV, % 80, NOV, 1 90, DEL. 9  107. DECa 9 120. DEC. 9 132,
1955 #re, 9 47. FEBL 9 81, KAR, 30 112, HAR, 29 139, MAR. 28 141, MAR, 27 162,
. 1956 DEC. 2 52. DEC. 2 B8O, DEC, 1 94, MAR, B 115, MAR., B 13%. MAR. B 345,
TTUTA9ST UAN. 22 S8, JAN. 22 7. AN, 2% 924 JANL 2% 114s JAH. 22 135, JAN, 22 169
1958 APR, 11 70, APR, 11 105, APR, 10 118, APR, 9 123, MAR. 28 145, BEC, 24 15§,
1959 JAN, 7 55, Jak, 7 94, JAN. & 127, JAN. 3 148, FEB. & 187, JAR, & 193,
:96? AN, Y 73. JAN. 11"“54;'IAE;‘ 17798, JRK. B TD8, WAR, 3 315, MaRr, 1 128 0
961 _APRs 13 FEB, 18 &7. FEB, 17 94, FEB, 16 100. APRs 9 110. APR
T T a1 a1 1802 TR T ek T
1963 FEB, 3 58, DEC, 30 YO, JAK, 1 80, FEB, 18 9%. FEB. 17 114, FEB, 1B 125,
1964 Hova 10 71, MARS 2798, HAR, T 1T A6, MAR. T2 1264 MAR, 2 U151. MARL 1 149, T
. 1965 DEC, 17 49, DECa 22 70, DEC, 22  85. DEC. 22 99, OEC. 13 106, DEC, 17 122,
1968 RAR, 14 60. FEBa 147 91, FEB, 13 307. FEB. 12 124, FEB. 12 138. FEB. §1 k4. "
1967 OEC. 2 5%, APR. 1 84, AR, 31 93, MAR, 30 735, MARs 29 134, MAR, 2B 14k,
1968 Mar, &5 56, WAR. & 95+ RAR. & T13. WARD & 139, MAR. & 153, MAR, 25 176,
1969 MAR, 17 3%, FEB, 1& 72, JAN, 22 80, JAN. 21 105, $AN. 20 116, JAK, 19 127,
el ... Y970 FEB, ¥ _ 59. FEB. 6 100, FEB, 5 128. FEB. 4 i56e FEBs & 175, FEB. 4% 181,
1971 FE8, 5 7 'S3, FEB. &  63. FEB, S B4, FEB. 5 102, FEB, 5 128, FE@. & 138,
~ I9T2 MAY 6 4D, WAY 6 T3, HMAY & 99, DEC. 13 118s DEC. 13 125, DEC, 11 134,
V973 Khus 24 &2, FEBa 11 78, FEB. 10 100, FEB. 11 111. FEB. 10 133 MAR, 23 139, T
i 1974 FEB, 13 &4, BEC. 10 _ 83, bEC, ¥ 974 DEC, 10 112, BEC, 9 125, DEC, & 142,
1975 oY, 24 &7. 0CT, 23 79. JAK, 28 96e JAK, 28 120, 3AN, 28 145, JAN, 27 154,
1976 NOV. 2% 52, NOV. 21 _ 85, RAR, 9 103, KAR. 1 115, FEBa 28 136. FEB. 28 145,
1977 MAR, 26 61, JAM, & 7 94, JAKN., 3 107. JAH. 18 112, AN, 18 12T. JAN, 3 335,
1978 DEC, 31 60, FEB. 15 - 94, DEC, 2¢ 1Y%, DPEL. 28 138, DEC, ?7_ 156, DEC, 76 163,
1979 FEB. 25  62. FEB, 24 83, FEB, 23 111. FEB. 22 126, APR. 12 159, APR, 11 67, N
19860 JAN, 17 5B, JAR. 17 7&, JAN, 17  93. HOV, 26 104. NOV, 26 122. JAN. 17 1635,
1981 BEC, 10 57, DEC, 10" 463, JAN, 26  ¥2. MAR, 9 92, HAR, B 100, bDEC. 10 108,
1982 bEC. 26 S¢, HAR, 12 75 MAR, 11 101, MAR. 10 125. BAR, 9 154, HAR, 9 174,
1983 mAY & 59, HAR, 11 T6s FEB, 26 115, MAR. 12 139, RAR. 11 158, MAR. 12 184, o
T CORFLUENCE WITH K. ORANTAS .
TEAR 1+BAY e=pAY 3=DAY LA-pdY S=DpAY a=-DAY
1930 WAR, 24 A7y ¥E8. 11 64, FEB, 30 B3. FEB. 9 118, fEba & 136. FEO, 7 146,
195V FEEL, 18 EX, FEB, 38 95, FEB, 1B 307, FE8, 18 427, FEB, T8 139, DL, 717 7335,
1952 MAR, 1 42, DEt, %5 71, PEL, 15 92, PEC. 15 112, PEL. 15 134, DEC. 15 169,
1953 FEB, 25 57, FEB. 27 97, FEB, 26 106. APR. 21 120, APR. 30 140, APR, 30 169,
1954 0EC. 9 42 MOV, 1 74, DEC, 9  B64 JAN. & 17I, JAN. & 119, bBEC. 9@ 125,
1955 JAK, 16  4&, FEB., 9 77, MmAR, 30 1G3. MAR, 29 3125, MAR. 2B  128. MAR. 27 145,
1956 _MAR, b 5%, MAR, E B0, DEt. 10 92, WAR, B 117, MAR, 8 139, MAR, 7 1%50.
T TTTTTTTIUUARS YT IAN, BT UTSL TIARG B2 vv. INNLTEY 9Y. AR EE NOBL IRRL BRIV, AN T2 154,
19%8 MAR, 15 64, APR, 13 93, APR. 10 101, AR, 28 113, KAR, 23 137, MAR, 27 144,
1959 JAN, x '52. FEB, 20~ 90, JAN. & 112¢ FEB. g 141, FEB. ) 172. JAH, 3 133,
1960 JAK. 1 T1e 4ANS 82e JAN, t 94, AMAR, 1 105, WAR. 1 127, mMAR. 1 132,
1967 kPRe 11 &0, FEB, 17 65, FEB, 17 89, FEB. 16 101, FEB. 16 105, FEB, 14 110, o
I TO6T APE, 30 &6, JAR, 21 Y, Thh, 21 1127 FAK, 39 125, TAN, 19 155, JAn, 187 174,
1963 rEd. 3} 53, PEC. 30 - 59, MAR, 2 74, FEB. 18 93, FEB., 7 107. FEB, 27 114,
1964 KOV, 10 65. HAR, 2 100, MAR, 1 116, HAR, 2 124, MAR, 2 145, MaAR, 1 151,
1945 BEC. 17 45, DEC, 22 64, DEC, 22 60, DEC. 22 94, PEL. 13 108, DEL, 17 118,
1966 FEBo 15 &3, FEB, 14 "407, FEB. 13 123, FEB, 12 146, FEB. 12 157« FEB. 11 164,
1987 DEL. 2 53. BEC. 1 75. BECL. 1 §3, HAR, 30 99, MAR, 29 125, MAR, 28 %45, o
T TTEG88 TRAKE 5T 54T KAR, & B&. HAK, & 1020 HAR, b 123, MAR, T & 138U NARLT2S T YET. o
1969 MAR. 17 53, FEBa 14 6%. FEG. T4 75, JAN, 21 90 r§59_15 114a FEB, 1& 323,
1970 feB. T 62, FEB, & .103, FEB, 5 132, FEB, & 164, FEB. & 184, FEB, & .192,
1971 fEB. S AL, NOV. 19 62, NOVY 18 - EB1, HOV, 17 92, FEBs 5 113, FER, & 121,
1972 MAY & 3E. HAY [ 70. ARY & 91, DEC. 13 100, DPECs 13 113, DEC, 11 122, . -
T T 1973 mAR. 2% 0 38, FEB. 13 €9, FEB, 30U 67, FEB, 11 103, FEB. 10 V22, FeR, ¢ 127. T
1974 DECo 11 47, DEC. 10 92, DEC. . 9 103, DPEC. 10 120, DECs § 130, DEC, 6 3404
1975 0CT, 24 54, APR. 18 75, APR. 18 93, APR. ¥7 111, JAK. 26  135. JAM, 27 143,
1976 BAR. 1 47, WARs % B2. MAR, 9 99, MAR. 8 10%, FEB. 28 130. FEB, 28 141,
1977 MAR, 28 $2o0 JAHe & Bhe JAN, 3 T 04, KAR, 26 113, FMAR. 26 125. MAR. 25 137.
1976 PEC. 31 50. FEBa 15 794 DEC, 29 107, DECs 28 133, DEC. 27 149 DEC, 26 156, o
N9 TFEl. 25 Sk, APRs 1% BB. VBB, 23 AUTLTAPR. 13 129, TAPR. 12T A6, aPR. 1Y 171, -
1980 JAN, 22 T 47, DELST 3T TR, PETYT T UUOBLDEC, T 2 7112, DELL 11264 JaN. 17 148,
1981 o£¢, .40 5B, DEC. 10 63, MAR, % T4, MAR, & 93, MAR: 8 101. DEC, 10 111,
1982 DEL. 26 62, DECS 25 7767, PEC, 247 790, MAR. 917742, MAR, 10 134, MAR, ¥ 157,
1983 MAR. 20 52, FEB. 6 69, FEBa 26 97, MAR. 12 117« MAR, 11 132, WAR. 12 1352,

Note; l-day to 6-day means rainfall duration.
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Table 2 3.5 ANNUAL MAXTIMUM BASIN MEAN RAINFALL (3/6)

Unit : mm

K. KEDUNGSOXO BEFORE CONFLUERCE WITH EoXURCTR ™™ T T

YEAR tebAY ' 2=pay 3-DAY L=DAY S-DaAY b=bAY

- 0 L D AR L s 3 B D 3 e e D e P G AR e T e S P N D

1950 ROV, 26  Sb4 MOV, 24 TB. WOV, 25 86, WOV, 24 93, HOV. 23 100, KOV, 21 113, o )
THOSVIUNLT & B2y JAH, 5 TBe SAR. 3 105, JAK, T STT136. JAN. T 51524 JANG T 5T Ti8e,

1952 FEB, 17 59, FEBL 17 90, OECs 15 1310, DEC, 15 128, DEC, 15 148, DEC, 15 171,

1953 APR, 30 60, APR. 30 101, APR. 30 107, APR, .30 125. APR. 30 145, APR, 30 158,

1954 DEC, ¢ 5B, NOV, 1 B0, WOV, 't  ¢5, DEc, . % 107, DEC. 9 115, DEC, 9 128,

1955 FEB, 10 58, FEBw 9 ~Bbs FEBW % 95+ MAR, 29 113. FEB. § 114, MAR, 26 13&,

1956 duhy 1 66, MAY 31 94, WAY 30 1004 MAY 29 1D8, FEB. 4 124, FEB. 4 _ 143,
V37 MARL &7 B9 RAR,T 4T TYVHRRLT T YAV HAR, AL MAR, ¢ 1524 FEB, 27 Tle9. T -
1958 APR, 11 90. APR, 1% 143, APR, 10 148, APR. 9 155, APR. 11 151, APR, 7 182,

1959 JANL B 7T JAKS T 14%. JAKS 7 3804 JAN. T 21%. JAK. 6 233, JAN. 5 257,

1980 APRY Y8BT TB2, APR, 17 1DV APRY 16 118, APR. 15 122, FEB. 13 135. FEB, 12 140,
196 APRa 1. 55, MAR, 31 72, JAN. 16 924 JAK, 17 105 JAN. 17 307 JAK. 15 130,
1962 FEB, 2% 70, JAK= 21 99, FAN. 21 134, JAN, 2077952, JAN, 39 18D JAW, 157208, T
4943 MAR. 17  64a MARS 87. KAR. 3 108, MAR., 15 120, MAR., 13 135, MAR, 13 1350.
1964 APR, 17 48, MAR. 106, BARS 717 117, MAR, 2 138, MAR, 2 1730 mAR, 1 184,
1965 FEBy, 4 57, FEB. B0. FEBe 3 100. FEB. 3 100, FEE. 3 114, JAM., 31 117,
1966 MAR, 14 7 73, MARY T4 " 92. BAR, 14 "110. DEC, 5 122, DEt. % .152. DEC, 4 156,
19867 FEB, 26  TH. APR, 120, MAR, 31 143, HAR, 30 86+ MAR. 29 203, MAR, 2% 218,
TTTI96B DEC. 25 51. MAY BEL WAN, & TRV MARTTTU I32.TRARY TR 1620 RARLTT3IT170, T
1969 APRa 13 52, APR. 82, APR. 100. PEC, 15 $1B, APR., G 146, APR, B 144,
&

TN A d

8

1970 FEB, ¥ 6B, FEBa & 9B, FEB. 5 131. FEB, & '15%, FEB, 180, FEB., 4 184,

1971 FEB, T 5 65, MAY 97 87. FEB. '$° 04, FEB. 5 130. FE€6. 5 172, FEB. & 138,

1972 HAR, 26  60s MAR, T 75, HARs T 97, DEC, 14 120, DEC, 13 141, JAK. 2 150,

YOPATHAY TR0 52, KAWL Z& 75 RAVT T YL TRAR, 2V TNDOL TRARL T2 I8, AR 24T A58, T T T

1974 FEB, 13 59, BEC, & 72, JAN. ¥1 96, JAN, 11 113. JAN, 11 127, JAN, 11 141,

1975 0CF. 24 BBy O0CT, 23 111, HAR, 29 124, JAK, 28 157, JAK. 28 171 JAN, 27 177,

1976 #AR, 1 67, FEB. 29  97. MAR, 1 132, FEB., 29 161, FEB, 290 173, FEB. 28 178,

197 JAn. 4 534 JAN, 19 T B7. JARLIE 1150 JAK. 18 129. JAK. 18 V46, JAN. 17 150,

1978 Fig, $8., FEB. 15 105, FEB, 15 9§19, FEB, 13 135, FEB. 13_ 149, fEB, 12 162,
TRy ?59“25“‘39. FEB. 237 92,7 Jhn. 10 MV TFER, 24T IOV TAPR, 12T et AN 0 T T T T

1980 JAN, 17 924 JANY VT 1240 DANL 1T VLNV IARL 17 151, JAN, 16 152, JAR, 17 217,
1981 APR, 29 76, DEC, 10 _ 85, MAR 10 105, MAR, ¢ 121, RAR, & 131. 8AR, 6 145,
1982 JAH, 26 6%, JAN, 28 BT JAN. 25 112, JAN. 24 137, JAN, 23 158. JAH, 23 165,
1983 mar ) 63, FEB. 27 95, FEA, 26 123, FEB, 25 134. FEB. 264 165, APR. 29 182,

Note; l1-day to 6~day means rainfall duration.
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Table 2.3.5 ANNUAL MAXIMUM BASIN MEAN RAINFALL (4/6)

Kedungsoko before confluence with K. Ulo

Unit : mm

YEAR 1-DAY 2-DAY 3=DAY

54, 0CTa 31 B5, 0CY. 20 85, 0CTe 31 10k. 0CT. 31 107, FEBs 8 17.
1951 FEG. 18 59, JAH., 3 77« 4AHs 3 Y6 JANe 5 F25. JARs 5 1h%. JAN. 5 147,
1952 FEH. 17 52. PELs 15 9fa PEC. 15 1144 DEC, 15 1322 DPECs 15 153, DECs 15 180.
1953 APRW 30 55, APR. 30  9B. APR, 29 109, APR. 30 121, APR. 30 144, APR.: 30 162,
1954 bEC. 9 Sha KOV. 1 BZ. KOV 1 96, JAM: 4 103, APR, 12 114. APRs 11 126,
1955 FEG. 10 51, FEBs © Bha MAR, 29  9Bs MAR, 29 1254 HAR, 28 1264 MAR. 27 139,
1956 Juna. 1 &1a HAY B4. MAY 30 $0. HMAY 29 98, FEB, & 122, FEB. & 142,
1957 MAR, 4 51, MAR. 4 70+ HARY 2 98, MARs 2 114+ MAR. 2 134, TLB. 27 158,
131, APRe 10 140, APR« 9 147. APRs B 1334 APRs - 7 173,

1950 MAR. 24

w
-

1958 APR. 11 874 APR. 11

1959 JANs 7 Sho JAN. T 128+ JANa T 161, JAN. 7 195. JAaH, & 214, JANS 5 239,
1940 APR. 18 77. APRs 17 95, APRs 16 110, APR. 15 113, FEB, 13 129« JAN. 8 137.
1941 REC. 18 49, MARs 31 67« FEBs 17 95, FEB. 17 10D, DEC, 12 103, FEB. 156 105,
1962 FEB. 21 77+ 4AN. 21 99. JAN, 21 140, JAH. 20 157 JAH. 19 183, Jad, 18 209.
19463 nar. 17 b4e HARs 3 7%« MAR, 3 98. MARs 14 113« HAR, 13 124, MAR, 13 140,
1964 RaRrs 2 66, HAR. 2 1124 MAR. 1 127, MAR. 2 142, MAR, 2 178. HaR, 1 193,
1965 FEBs & 50, FEBa & 70. FEBe 3 88, FEDs 2 91, FEB. 1 10¥, JAX, 37 108,
1966 AR 14 7. HAR. 14 89. MAR. 14 108, MAR. 14 115, DEC, 5 134. DEC., & 138,
192467 FEBa 26 58 APRe 1 114, MAR, 31 132. MARG 30 1467, HAR. 2% 184, MARs 29 199,
1968 HAY 4 A8, HMAY 4 85, MAR, & 113 MAR. & 132, MAR, & 153, MAR, 25 147,
1969 APR. 13 S1, APR. 9 7is APR. 8 85, DECs 15 104 APR. 9 135. &PR, & 150.
1970 FEB. 7 68. FEDe & 94. FEBa 5 12%. FEBe 4 1524 FEB. & 172, FEB. & 177,
1971 FEBa 5 41. MAY § 82. FEBa 5§ 98. FEBs 5 122, FEB, 5 158, FEbhs & 172,
1972 RAR. 26 524 KhAe T T&s HMARL T 4. BEC. 14  117. GEC, 13 138, JAN. 2 148,
1973 HAY 20, 4B, MAR. 24 71. MAR. 24 EBs MAR. 24 101, MAR, 24 134, MAR, 24 130,
1974 FEB. 13 57, DECa 10 6%, JAN. T 5. DEC, 10 107, DEC, 10 1Zt. bEL. & 140,
975 0CT, 24 85. OCTs 23 105. MAR. 29 125s JAH. 28 T45. JAN. 2B 161, JAN, 28 168,
1976 N0Vl 21 61, MAR: % 96, AR 1 124, FEB, 27 149. FEB. 29 162, FEB, Z8 172,
1977 JAH. & S6e JAN. & . B, JAN» 18 1084 JANs 18 . 119, JAH, 18 136, Jan, 17 142,
1978 FEB. 15, 62 FEBe 15 113, FEB. 13 1264 FEB. 13 147, FED. 12 160, FEB. 12 173,
1979 FEBa. 25 48, FEBa 25 B7. APR,. 264 107 FEBo 24 120, APR. 12 149, JANH. 10 1604
1950 JAN, 17 BZe JANG 37 109, JAW, 7 127, JAWe VT 135, DEC, 20 . 138, JAM, 17 199,
1981 APR,. 29 68+ DECs 10 Té. HAR, 10 95, MARs 7 1174 MAR. 8 1264 HAR. & 138,

1982 fE8, 24 504 JAMs 1D B0, JAN. 24 92, JAN. 10 #17. JAN. 23 131, HAR, 8 147,
1983 HAY & 65. FEBa 27 B89. FEG. 26 121. FEBs 25 135. FEB. 24 157, MAR, 12 175,

Kedungsoko before confluence with K. Widas

YEAR F-pAY 2~DAY 3-nAY 4=DAY S=pAY s=DAY

1950 HARs 24 §8, GLT. 31 804 0€T. 30 £1. 0CT. 31 182, FEB, B 10B. FED. 38 121,
1951 FEB. 18 43, FEB. 18 ?7a JAH. 5 92. JAN. 5 117, JAN, 5 134, dMW. 5 139,
1952 HAR. } 4% DEC. 15 91, DEC, 15 112, DEC,. 15 1324 DECL 15 153. DEC. 15 180,
1953 APR. 30 55. APR. 30 99, APR: 29 112, APR. 30 121, APR, 30 149. APR, 30 167,
1954 pEL. 9 525 ROV 1 81, HOV. 1 Ghe JANe & 104. JAN, 3 111. DEC, % 126
1955 Ffp. f0 45, FEBs 9  T%. HAR. 29 4. MAR. 29 122, HAR, 2B 123, HAR, 27 139,
1956 JUns 1 59« mAY 31 80, DEC. 1 8%« HOV. 30 96. FERs & 120, FED, & 38,
1957 HARs & 454 MAR. 4 424 MAR. 2 B85, MARs 2 102, FEB., 28 125, JAN, 22 149,
1958 APR., 11 53%. APR« 11 122, APR. 10 13%. APR. ¢ 138. MAR. 28 144, APR, T 172.
Y959 JAN. T 62, JANs T %64 JANe. 7 145. JAH. 7 1804 JAN, & 198, JAN, 5 223,
1960 JAR. 1 77. APR. 17 90. APR, 16 102, JAN. & 113, FEB. 13 122, JAK, & 139,
1961 AFR, 13 57+ FEBa 18 63, FEB. t7 100. FGCBe 17 104, FEDL 164 107, APR, 8 111.
1942 FEB, 21 Fha ANe 22 99, JAN. 21 $37. JANL 20 157a JAN. 19 181, JAl. 18 205,
i943 FEp. 3 83, PEC. 30 75. nAR. 15 91 MARa 14 106, MAR, 14 119, HAR, 13 130,
1964 MAR. 2 64, MARs 2 307, MAR, 1 124e MARs 2 136, MAR, 2 170. HAR, 1 187,
1965 Fth. & 47 FEBa 4 tée FEB, 3 84, DEE, 22 93, EC. 21 - 101, pEL, 22 108,
1946 nAR, 14 Toe MARN 14 00, KAR, 14 110, MAR. 14 115, DEC. 5 144 DEC. 4 T4B.
1967 APR. 2 £8. APRs % 107« HAR, 31 122, KAR. 30 153, HAR, 29 2. MAR, 29 187,
1968 MAR: 5 4%e MAR, 4 ¢1. MAR, & 117. MAR. 4 139, mMaR. 4 158. MAR, 25 174.
1969 HAR, 17 50, APRs % 654 APRs 8 78, DEC.-15 192, APR. 9 130. APR, B 143,
1970 ftB.s 7 71s FEBy & 98, FER, § 131. FEO., & 154, FEB, . & 171, FEB, & 177.
1971 iEBy 5 60 FEB. 4 73, FEB, & 98, FEO, 5 122, FEB. 5 155, FEB. & 168.
1972 HAR, 26 49, MAR. 7 T7s DEC, 14 98. DEC. 14 121, DEC. 13 143, DEC, 12 147,
1913 HAR, 24 Lb, RARL 24 76, MAR, 2% 95, MAR, 24 110, HAR, 24  T42. HAR, 24 1358,
1974 FEd, 13 53, DEC, 10 70, bFCu # 80, PEC, 10 114, pEC, 9 121, DEC, & 137.
1975 0fTs 24, B, 0tT, 23 107. #AR, 29 117. Fan, 29 136, Jht, 28 151, AN, 28 157,
1976 nov, 21 . 61, HAR, % 93, MAR, 1 119, FEB, 29 140. FEB. 29 1534 FEB, 28 165,
1977 JAN, & 554 JAN, 4 824 JAN, 18 104, JAN. 18 1184 JAN, 18 134 JAN, 17 1430,
1978 fEB, 15 61. FEBy 15 112 FEB, 15 124, FED, 13 147, FEB, 12 163, FEB, 12 175,
1979 e, 25 67 FEB, 24 B5. APR. 24 1DB, APR, 24 122, APR. 12 155. APR. 11 184,

1980 Jaw, 17 79. JAH. 17 100, JAN, 17 118. JAR, 17 125, NOV. 28 133, JAN. 17
1981 APR. 29 45. DEC, 10 &9, MAR, 10 94e BAR. 9 -115a MAR. & 125, PARL -6 136,
1982 FED, 24 494 JANL 10 7. JAH., 10 P1e HAR, 9 110, RAR, ¥ 14&s HAR. @&
1983 BAY 4 47, FED. 27 91, FED, 28 130, FEB, 25 164. FED. 24 168, MAR. V2

Note; l-day to 6-day means rainfall dufation.
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Table 2,3.5

ANNUAT. MAXIMUM BASIN MEAN RAINFALL

(5/6)

Unit :

mng
KUNCIR FLOOD DIVERSION
YEAR 1=DAY 2-DAY 3-DaAy S5=DAY &=-DAY
SA950 MAR, 24 64, 0CT, 3 7?. $€B, 10 B3, MAR. 21 136, MAR. 20 145, mAR, 21 4§51,
195% BAR, 6 7t, JAK, 5  B¥. DEC, ¢ 10&es JAH. 5 122. JAHs - 5 153 MARe ¥ 161,
1952 DEC.L 15 B, DECs 15 141, DEC. 15 171, DEC. 15 19%9a. DEC. 15 223. OEC. 15 254,
1953 HAY 1 7T6a APRo 30 126, APR, 147, APR. 28 14Bs APR. 3D 196« APR, 30 225,
1954 ROw, 2 7T, NOV, 1 142, HOV¥, 5 151, OCT, 31__15B, MOV, 1 148, 0CT, 3% 175, _
1955 FEB, " ¢ T B0, FEB, & 129, NAR, 30 172, MAR, 2977 215. MAR, 29 215. mAR, 27 231,
1958 JuN, ¢ B%s JUKa § 110, FEBo 2 115, JUN, 1 145, JUN, 1 992, JUN. 1 225,
1957 HAR, & 66 JANe 25 5 MAR, ¢ 126, RAR, 2 150, RAR, & 17%s BAR, % 197a
A 1958 DEC, 31 - 117. APR, 17 129, BPEC, 29 201, DEC. 28 205, DEC, 27 223, DEC, 25  257a_ .
1959 FEB, 12 108, JAK, T 164, JAN. 7 199 T3ANS 7 T 24B. FEBL B T277. AN, S5 304,
1960 JAN, YT N2, TUARG T T Y28, JAN, 31 IS UANG 31 TI0E AR T30 2100 AR, 36 228,
1963 APk, 13 - 67, KAR. 31 9%, FEB. 17 1063, APR. 10 122, APR, % 137s APR. B 348.
196 JAN, 25 190, JAR, 22 209, JAN, 21 352, JAN, 20 27&e AN, 19 £29be JAR, 21 334,
1963 FEB, 3 107, DEC, 30 112, JAN, 186 134. JAM, 13 157, JAN, 13 1864 JAN, 13 227,
1964 APRa 17 1270 HOVa 10 7135, MAR: 1 151, FEB, 20 159, MAR, 1 20k, HKAR, Y 228,
- . Y985 NOV, 2% 5S4, DECy 22 7S5 DEC, 22 96, OEC. 22 127s DECe 21 ¥46. DEC, 21 146,
1966 MAR, 14 Bb, JAH, 23 109, MAR. 14 TH31, APR. 25 156, APR, 25 164, mAR, 11 471,
1967 APR. 2  7he APRs 1 142, MAR. 31 155. FEB. 23  196. MAR. 29 206, FEB, 21 214,
1948 BAR, 10 71, MAY & 104, APRa 1 133, KAR, 24 156, RAR, 28 193, AWAR, 25 231,
_ 1959 JAhe 2 90, ¥EB,. 14 117, FEB, 14 129, APR, & 137, APR, 5 160, JAN, 19 177.
o 1970 MAR, 7 66 MARs 6 99, BAR, & 124, KAR, & Yhi, MARe 6 157, HAR, 3 _ 148,
1971 FEB, 5 103, FEBs & 1§20, FEB, 5 143, FEB, 5 "176. FEB, 5 203, FEB. 5 22ba
1972 FEB. 1% 90. HAR. 22 110, MAR, 22 138, MAR, & 166, MAR, 22 187. RAR. 1% 208,
1975 MAR, & 65, DECs 1 94, ARR, 12 1331, RAR, 11 185, AAR, B 183, HAR, & 215.
) . 1974 FEB, 13 107. FEBy 13 312, FEB, 13 140, FEB. 13 164, FEB. 13 183, FEB, 13 193,
T1975 001, 24101, OCT. 23 1180 MAR, 297 178. HAR, 29 211, RAR, 29 225, MAR, 29 229,
1976 MAR, 9  96. MARs 9 140, RAR, & 146, MAR, 7 154s MAR. & 159, MAR., S 179.
TY9TT FEB. 21 9h, JAN: & 1470 FANL TR 16D. FEB. 29 191, FEB. 20 224. FEB. 19 249,
1978 FEB. 15 146, FEB. 15 205, FEB, 15 222, FEB. 13 277, ¥&9, 13 2%4. FEB. 31 305.
197§ APR, 24 117. APRa 2% 122+ APR, 2k 175« AFR, 24 205, APR, 24 2084 APR, 2k 204,
TERBD IAN, AT VOV UANL AT RESLJAN, T 39, JaN. 17 145, JAH, 22 1624 JAN. 1T 243,
198t FES, 18 B3, DEC. 4 8B4, MAR, 2 108, FKAR, 9 141, WAR, & 159, MAR, & 159,
1982 JEN, i1 Ble JAKe 10 138, JAN. 10 148, Jad,. 10 104, JAN. 10 200. 2i%, 10 231,
1983 #AR, 12 93, MAR. 1% 132, WAR. 12 184, MAR. 12 246, HAR., 11 260, HAR, 12 301,
K. Kuncir before the confluence with K, Kedungsoko-—-—--
YEAR 1=DAY 2=bAr 3=DAY 4=DAY S=paAY 6=DAT
1950 KOVe 1 72. OCT. 37 178, FEB, 10 120, OCT, 31 142, FEB. 8 168, FE8, & 178, _
1951 FEB. 18 &¥. FEB, 18 3%, FEG, 18 97, FEB. 18 1224 FEBs 18 124. JAR, 20 137,
1952 FEB. 2 60, OEC, 15 105, PEC. 15 130. DEC, 15 153, DEC. 15 ¥75. PEC, V5 213,
1953 FEB. 2B . 5k. APR. 50 92, APRs 29 132, APR, 29 134. APR, 29 152, APR, 29 1492,
1954 JAN, 7 56, HOV. 1 97. BOV. 1 T07. JAN. 4 196, JAN., 3 125, MAR, 13 140,
1955 FEB., 9 49, FEB. 9 87, MAR, 30 119, MAR, 29 157, MAR, 28 138. BAR, 27 189.
1956 JUN, § 5B, DECs 2 B1s DECs %0 97, JUN. 1 302. FEBs & 131, JUN, 1 149, o
$987 JULL &L 5. dULo 27 68, JAKD 2% YO TTANLTETTAOT, IANG 25 1354 JAN, 22T 156,
1958 AP, 11 87. APR, 11 115, DEC, 2% 136, DEC, 28 138, DEC. 27 150, DEC, 26 1488,
° 1959 JAK, 7 72. FEB, 1t 131, FEH, 10 158, FEB, % 1B&, FEB. & 252, FEB, 8§ 261,
- 1960 JAKR, 9. Jau;"i”'ioz. FANG TUTTTINR L TIANLT B 1260 JANL T 133, JAN, B 1464
: 1941 APR, 13 634 FEBa FES, 17 127, FEB. 17 133, FEB, 16 137, FEB, 16 341, —
T T TTASETTFEBL 2T Th. Jnh“‘zz‘—iza. FAKe 21 170, 7TAR, 207 185, TAN. 997209, AANTIBT 23T T
1943 FEB, 3 72, MAR. 17 B1, MAR, 15 90, MAR, 14 110, RAR, 14 T21. JAN, 13 139,
1964 HOY, 10 63, MAR, 2 123, MAR. 1 352, FEB, 29 158, HAR, 2 188, MAR, 1 216.
1965 GEC. 22  4C. DEC, 22  &B, DEC, 22 79, DEC, 22 99, PE(e 21 1104 DEC, 22 121,
1966 HAR, Y& &6, JAN.‘za T6. MAR, 14 97, WAR, 13 107, MAR, 12 120, BRAR, 1% 131,
1967 _APRs 2 T&e APR, 117y FARs 31 124, MAR, 3D 147. ®AG. 29  17D. WAR, 23 187, o
1968 KRR, T8 615 nAn;‘XT TR HAR, 25 Y20, HAR, 75 135, WAR. 28T YETLTMAR, 25T 197,
1969 MARL 17 63 FEH. 14 114, FEB, 14 120, FEB. 14 136, FEB, 14 160, FEB, T4 170.
1970 Fe8, 7 60, FEBo, & 83, FEB. 5. 113, FEB, 5 139, FEB, 4 145, HAR, 3 164,
1971 FEB, 7% 62. FEB. 14 81, FEB, 5 ~ 97, FEB, 5 120. FE&, 5 142. FEB, 5 155,
1972 FEB. 11 52. MAY 7 B7. KAY e 1310 RAY 6 143, DEC. 13 148, 0EC, 12 151,
i9YY APR, Z¥ 50, FED. 11 7EFEB. 10 100, KAR. & 3484 RAR. 24 T34 TRAR,2Y 155,
1974 FEB. 13 62, DEC. 10  72. DEC. 9 97. PEC. 10 121, DECs 9 147, DEC, % 1560
1975 0CT, 24 B3, OCY, 23 ' 5, MAR. 29 134. MAR. 29 156. MAR, 29 165. MAR, 2% 171,
1976 BAR, % . &0, MAR, 9 103, MAR. 9 121. HAR, 1 129, mAR, 1 141, FEB, 27 143,
- 1977 44N, 774 7T T3 0AK. 4 1097 3AKY 3 122, JAK, T3 §29. DEC, 21 147, DEC, 21 154,
1976 FEB, 15 Bh. FEBRs 15 447, FEB, 15 157, FEB. 13 191, FEB, 12 204. FEB. 11 216, IR
1979 APR. ¥4 78, FEB, 24  TUT.APR, 24 127, APR, 2k 144, APR. 12 187 AFR.TTG 182,
1980  JANL 17 T 6b. WOV, 26 BB, WOV, 257115, KOV, 26 140, NOV. 257 1684 WOV, 2%  4ET,
1981 BEC. 10 564 JANo 27 724 JAKa 26 . 92, HAR. 9 112, -RAR; B 124, KAR, & 124,
L1982 PEC. 26 BB, JAH. 30 93, DEC, 24 111, JAK, 10 136. HAR. 9 154. MAR, B 175,
1983 HAY & 73, DECs 25 85, FEBy 26 128, HAR, 12 . 163, MAR. 12 179, RAR, 12 220. R
Note; l-day to 6-day means rainfall duratilon.
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ANNUAL MAXIMUM BASIN MEAN RAINFALL (6/6)

2,36

Table 2.3,5
Unit ! mm
- K. Ulo before the confluence with K. Kedungsoko R
YEAR 1=paY FRYY] I-DAY L=pay S<DAY 5=DAY )
1959 MAR, 24 70 MARe 24 22, MARy 24 84a MAR. 2% 116. FEE, 8 1244 rse. 7 _136s
195V RAR, "&7 72, HWARS 5 T9. FEB. 18 95, FEB. 18 119y TANs 5 132. WAR, 1 129,
1952 p£€, 15 67+ DEC. 15  $09. DEC, 35  132. BEC, 15 158, DEC. 15 180. DEC. 15. 211,
1953 MAY 1. &0. APR. 30 $13, APRy 29 1334 APR, 29 137. APR. 30 177. APR, 30 204,
1954 JANG 17 614 NOV. 1 §03. WOV, 1 112, 0CT, 31 119, WOV, 1 - 124 JAN, 17 433,
1955 FEB. ¢ 56, FEBe 9  B7. MAR, 30 120, MAR. 29 151, HAR. 28 152« MAR, 27 176,
1956 DECa 2 654 DECy 2 89, DEC, 10 101, JuN, 1 116, JUN., 1 146+ JUN. 1 372,
P57 JUls 22 53, JAN, 26 724 JAN. 25 102, JANL &k 1Zks JAHs 23 1k0e JANs 22 165
1958 DEC 31 . BB, APR, 11 101, DEC,:29  146. DEC. 28 149, DEC, 27 163. DEC, 25 202,
1959 FEBa 12 25, FEB. 11 198, FEBS 10 146, JAN. 7 168, FEBa B 218a FEB. B  225a
1940 IANSTTY 1EE. AN TUTTHET AR ST YN, TTARLY 8 M. JFANL T3 taB. JAN, TR 8T T
1941 APRs 13 85, APRe 12  85. FEB, 17 113, &PR, 10 133, APR. ¢ 147, AFR. & 155, .
TE62 +E0, 17 Bl, JANg 22 V&%, JAK, 21 175« TAR. 20 203, FAN, 19 223% JAN, 18 240.
.~ . 1983 FEB. 3 83, FEBs 3 8bs FEB, 18 104y FEB. 17 124, rza.waz_ 1376 JAN, 13 152,
1964 N0V, 10 92, KOV 10 T Y11, HARL T 1274 FEB. 29 133, MAR. 1 181, MAR, 1 186.
1965 PECs 22 55, DECa 22 83, OEL, 22 95. DEL, 22 126, DEC. 21. 137, BECs 22 Y4ba
1966 DECy, & . 874 DEC, 5 "101, RARS 14 121. MAR, 13 127, nAR, 127 141, MWAR, 191 151,
_. Y967 APR, 2 64a APRa 1 10k, APR. 1 119y FEB, 23 14%. MAR, 29 148, MAR, 2% 163, e
1968 WAR, 26 67« MARY & 1971, WAk, & 134 KRR, & 1460. MR, 24 152. mAR, Y 2R
1969 JaNy 12 88, FEB, 14 106, FEB, 14  1%4. FEB, 1% 136, FEB. 14 158, FEB, 14 170,
1970 FeB. 7 83, FEB. & 9%, FEBs -5 130. FER. '3 148, FEBs & 145, FEB, & 170,
1974 FEBw 5 T4, MAR. 16 B&. FEBa 5 116. FEB, 5 143. FEB. 5 1674 FEB. 5 181,
1972 FEBy 11 62, MAR, ‘7 92, DEC. 14 117, OEC. 13 148, DEC. 13 173, OEC, 11 . 178,
- TOT3I MAR, 24 U530 HARL 24 92.TWAR, 24 120. MAR. 23 1hS, MaAR. Z4TT187, MAR, I 192,
1974 FER, A3 65, FEBy 13 68, BEC. 9  B9. FEB, 13 103, DEL. 9 425, FED. 23 138.
1975 0€Ys 24 © 88, 0CT, 23 10T, HAR, 29 120. HAR. 29 143, WAR. 29 153, MAR, 2% 159,
1976 WAR. 9 Fi. JAN, 5 104, KAR. B 120. WAR, B 123, MOV, 21 133, JAH., 1 181.
1977 HAR, 26 66a JAN, &7 111, JANG 3 122. JAN. 3 131. FEBa 20 150. FEB,. 19 471,
1978 FEB. 15 - 90. FEG. 15 145, FEB. 15 158, FEB. 13 201, FEB. 12 219, FEB, 12 ‘232, .
YePOTAPRY VX BY, KPR, 12 109, APR. 25 137« APR. 24 V64, APR. 12 RLITRCL P L
1950 IAKL 1T T3, ROY. 26 90 JAN, 17 104l ROV, 26 13%. NOV. 25 V47. AN, 17 184,
1981 FEB, 18 435, JAN, 77 70, MAR. 10  95. KAR, 9 122, KAR. & 136. HAR, B 1317,
1982 MAR, 9 61, JAR, 10 94, MAR, 9 129. MAR, 9 174, MAR, § 209, RAR, ‘B 227.
1985 mARo, 12 B6, MAR, 12 111, HAR, 12 154, MAR, 12 2375, MAR. 12 243, HAR, %2 288, .
Note; l-day to 6-day means yxainfall duration.



Table 2.3.6 PROBABLE BASIN MEAN RAINFALL
AT BASE POINTS  (1/3)

Unit : mm

Rainfall buration _
l ~d@ay 2 -day 3 - day & - day 5 - day 6 - day

Return
Period

(1}  Ngudikan

1.05 . 54 71 88 113 121 133

2 73 97 120 140 158 176

5 87 118 142 165" 185 . 209
10 : 98 133 157 183 206 234
25 Sl 151 176 205 231 263

- 50 120 265 190 221 249 284
100 129 178 204 237 267 306

(2) K. Widas before the confluence with K. Kedungsoko

1,05 . 46 69 84 100 113 125

2 64 21 i1l 131 - 146 159

5 : 78 " 110 133 155 172 186
10 - 89 : 123 149 173 192 707
25 102 140 168 194 215 231
50 111 ~152 - 182 210 232 . 249
100 120 163 196 225 249 2606

(3) K. Widas after the confluence with K. Kedungsoko

1.05 44 67 87 98 110 121
2 " '55 80 99 117 134 148
5 63 91 - h2 131 153 170
10 70 - 99 - 122 142 166 186
25 77 108 : 133 155 183 206
50 - 83 115 142 164 195 220
100 88 122 151 174 - 207 234

{4) Confluence with K. Brantas

1.05 338 59 75 92 - 104 113
2 51 75 92 . 109 126 139
5 60 86 104 124 143 159
10 67 95 113 135 156 173
25 75 105 124 148 171 190
50 81 113 132 157 183 203

100 87 120 140 167 194 216
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Table 2.3.6 ' PROBABLE BASTN MEAN RAINFALL
AT BASE POINTS (3/3)

Unit ¢ mm

Rainfall Duration
Return : .
Period 1 -day ~2-day 3-day 4 -day 5 ~day 6 - day

{(8) Kuncir Flood Divers;on . .
1.05 62.5 83 100 121 142 154

2 88 118 143 170 190 210

5 108 146 177 209 228 - 255

10 122 168 202 238 257 238
25 140 193 232 272 290 327
50 . 153 211 254 297 315 356
100 © 166 230 276 - 322 340 385

(9) K. Kuncir before the confluence with K. Kedungsoko
1.05 50 69 . 90 104 115 - 127

2 64 93 115 133 149 166
5 76 111 135 154 177 197
10 84 125 150 171 197 221
25 94 142 168 190 221 248
50 101 154 181 205 239 268
100 109 166 194 219 . 256 288

(10)7 K. Ulo before the confluence with K. Kedungsoko

1.05 54 73 93 109 121 193
2 70 96 118 140 157 175
5 82 113 137 164 186 208
10 - 91 125 . 151 182 208 234
25 102 140 168 - 203 233 263
50 110 151 180 219 252 285

100. 118 162 . 192 235 270 : 307

2.38



Table 2.3.6 PROBABLE BASIN MEAN RAINFALL
' AT BASE POINTS (2/3)

Upd-tss 3 mme

Rainfall Duration

Return l-day 2 - day 3 -.day 4 - day 5 - day. 6 - day

Period

(5) K. Kedungsoko before the confluence with K. Kuncir

1.05 50 71 88 100 115 123
2 64 91 L1l 128 146 160
5 74 108 130 151 172 189
10 82 120 143 169 191 211
25 91 135 159 189 213 237
50 : 98 l4e 171 204 230 256
100 105 156 183 219 247 2715

(6) X, Kedungsoko before the confluence with K. Ulo _
1.05 46 67 83 96 110 i21

2 60 87 106 123 - 140 154
.5 70 103 124 144 163 181
10 78 114 137 159 181 202

© 25 87 128 153 178 201 - 225
50 94 138 165 191 216 243
100 100 . 149 176 205 231 © 261

(7) K, Kédungsoko before the confluence with X. Widas

1.65 - 46 67 83 G7 110 122
2 59 84 103 121 138 154
5 69 g9 120 140 160 . 179
10 77 - 110 133 154 i76 198
25 B6 123 148 170 195 220
50 93 1132 - 159 182 210 236

100 100 _ 142 170 185 224 253



2.40

Table 2,3.7 ANNUAL MAXIMUM BASIN MEAN
: MONTHLY RAINFALL IN K. WIDAS BASIN

YEAR MONTH RAINFALL YEAR ~ MONTH RAINFALL
(man) (mm}

1950 FEB 365 1970 FEB 372

1951 DEC 182 1971 FEB 363

1952 MAR 404 1972 DEC 320

1953 APR 363 1973 FEB 359

1954 JAN 423 1974 DEC 342

1955 MAR 394 1975 MAR 391

1956 DEC 343 1976 MAR 366

1957 MAR 436 1977 MAR 359

1958 MAR 409 1978. DE(: 377

1959 FEB 530 1979 JAN 367

1960 JAN 357 1980 DEC 349

1961 FEB 240 1981 JAN 306

1962 JAN 421 1982 MAR 401

1963 . MAR 416 - 1983 MAR 493

1964 MAR 413 - MEAN 379

1965 DEC 102

_1966 MAR | 351

1967 JAN 356

1968 MAR ‘514

1969 MAR 286



Table 2,3.8 BASIN MEAN RAINFALL AND RUNOFF
' AT NGUDIKAN

Hydrological Year

Month 60/6L  61/62  62/63  64/65 ©65/66  T2/13  T3/14  T4/T5
Nov. 2.7 0.6 4.3 5,4 0.8 1.2 2.5 5.2
Dec. 5.5 3.7 11.6 8.7 6.7 6.7 10.0 6.2
Jan, 5.2 11.6 4.3 1.5 9.2 13.3 12.9 13.3
Feb. 5.9 9.2 12.8  13.4  16.4  15.3 14.7 9.9
Mar. 6.1 8.6 22,9  14.0  14.3  22.0  18.4  11.4
Apr} ' 4.7 8.6 10.9 7.5 8.0. 11.0' 12.5  11.5

.May 2.6 3.3 1.3 2.9. 3 13.7 4.9 7.8
Jun. 0.8 1.1 1.0 0.4 1.7 1.4 0.9 1.0
Jul. 0.6 0.7 0.8 0.3 0.3 1.5 0.7 0.7
Aug. 0.5 0.6 0.6 0.2 0.2 1.3 0.7 0.6
Sep 0.5 0.9 0.5 0.2 0.2 0.6 0.6 1.0
Oct. 0.4 0.4 0.4 0.2 0.5 0.4 4.7 6.2
Mean '2.5 4.1 6.7 5.3 5.1 7.3 6.6 6.2

Runéff

Volume ' : . :

(106 m3) 92.8 127.8 211.0 167.8 160.8 229.1 .208.7 194.0
Rainfall

Volume : . .

(100 w3) 261.0 307.8 364.4 290.9 337.1 376.3  425.9 584.1

Runoff )

Coefficient 0.36  0.42 . 0.58  0.58  0.48  0.61  0.49  0.33

Average runoff éoéfﬂicient_0.47

Source: Feasibility Report on the Widas Irrigation Project



Table 2,3,9 STORAGE FUNCTION OF SUB-BASIN

Catchment Area River Length Coefficient

No. (km?) {1m) K P T

1. 122 30.0 20 1/3 1
2. 90 8.0 20 1/3 0
3. 21 7.5 20 1/3 0
4, 118 22.0 25 1/3 0
5, 72 15.0° 25 1/3 0
6. 32 4.0 30 1/3 0
7. 35 13.5 35 1/3 0
8. 28 10.0 20 1/3 0
9. 118 23.0 20 1/3 1
10. 155 23.0 20 1/3 1
11. 91 30.0 30 1/3 1
12, 79 23.0 20 1/3 1
13. 17 7.0 35 1/3 0
14. 13 10.5 11.4 1.0 0
15. 37 7.0 11.4. 1.0 0
16. 34 8.5 11.4 1.0 0
17. 63 16.0 25 1/3 0
18. 6 5.0 11.4 1.0 0
19. 18 C11.5 11.4 1.0 0
20, 54 " 16.0 35 1/3 0
21. 38 10.0 35. 1/3 0
22. 73 23.0 35 /3 1
23, 191 30.0 11.4 1.0 1
24, 22 7.0 25 1/3 0
25 1.5 11.4 1.0 0
26. 6 3.5 11.4 1.0 0

2.42



Table 2.3.10.

STORAGE FUNCTION OF RIVER CHANNEL

River Storage Function
River Length Lag — Time
Channel - { km ) K P (hour)
A 12.7 - J2
B 8.3 10.55 0.643 Q 240 1
0.04 1.646 Q240
C 5.3 6.32 0.657 1
0.19 1.376 _
D 7.0 4,71 0.737 qQ 202 1
0.24 1.302 Q@ 202
E 3.8 4,14 0.652 Q .260 0
) 0.95 0.917 q 260
F 8.1 4£.66 0.761 Q 400 1
1.94 0.907 ‘@ 400
G 2.8 i.50 0.747 360 0
0.42 G.962 8 360
H 3. - - -
I i5. 7.79 0.782 q 30.8 ]
2.48 1.116 Q 30.8
J © 5.0 - - -
K 10.0 14,50 0.513 Q 10 1
: 8.43 0.748 qQ 10

2,43



Table 2.3.1! RELATION BETWEEN WATER LEVEL,
' STORAGE VOLUME, AND OUTFLOW 1IN
THE RETARDING BASIN

Water Level Storage Volume  Outflow
(EL.m) (x106 n3) - (@3/sec)

(1) Widas Retarding Basin

37.6 4.0 0.0
38.0 7.8 132
38.5 13.7 230

(2) Ulo Retarding Basin

43.5 0.0 : 53.0
44,0 . "_ 2.0 68.0
44,5 4.8 _ 81.0
45.0 7.8 : 96.0

(3) Kedungsoko Retarding Basin

43,6 0.0 48,0
44,0 1.4  60.9
44,5 4.8 74,1
45,0 9.3 92.0
45.5 1644 ' 110.0

2.44
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NO. 1.05 2 5 10 25 50 | 100
1 139 | 187 | 213 | 236 | 257 | 273 | 289
A 4T 5.1 6.8 84 103] 11.3] 130 152
2 238 | 319 | 374 | 411 | 456 | 492 | 530
3 196 | 263 | 295 | 321 | 355 | 379 ‘| 404
|4 214 | 268 | 308 | 338 | 377 | 405 | 432
5 1219 | 274 | 317 | 352 | 387 | 420 | 448
6 220 | 292 | 367 | 425 | 487 | 533 581
7 59 |- 75 | Ba | 89 98 | 104 | 112
H & 30 38 53 66| . 86 10.2 12.0
8 108 | 138 | 157 | 174 | 195 | 224 | 264 |
9 | e7 87 | 110 | 128 | 165 | 223 | 290
0 | 57 74 80 | - 84 87 92 109
g 41 38| a8 60| 70 94| 102z| 1.0
N 219 | 285 | 354 | 402 | 458 | 508 | 557 |
12 | 30 39 | 53 67 | 85 | 97 | 104
3 | 218 | 273 | 346 | 400 | 461 | 510 | 857 |
14 78 110 | 140 | 182 188 21 | 236
15 | ss | 77 98 | 113 | 132 | 148 | 165 |
T 23 33 4z | 49 | s6 | 63 71
L1 Retarded volume (10%m?®) in retarding basin

Fig.2.3.11  PROBABLE 'FLOOD PEAK DISCHARGES AT BASE
POINTS UNDER PRESENT CONDITION
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Fig. 2.3.12 FLLOOD HYDROGRAPHS ON TH.E PRESENT CONDITION (1/2)
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K. Widas after the confluence with K. Kedungsoko
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Fig. 2.3.12 FLOOD HYDROGRAPHS ON THE PRESENT CONDITION (2/2)
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Fig.2.3.13
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POINT RETURN PERIOD (YEAR)
NO. 105 2 5 10 25 | 50 [ 100
1 139 | 187 | 213 | 236 | 257 [273 | 289
A4 51| &8 84! 10.3] 11.9| 130]| 152
5 2 2328 | 319 [374 [ 411 | 456 [492 | 530
3 180 | 240 | 275 | 300 | 332 | 364 | 382
4 179 | 238 288 | 313 | 352 | 337 | 4l
5 179 | 238 | 292 | 319 | 357 | 407 | 416
6 137 | 183 | 232 | 268 | 303 | 341 | 363
7 53 7t 75 77 80 ' 83 86
H 4 2.2 30 40 44 50, 55| 6.0
8 92 1122 | 138 1152 | 168 |:180 | 193
9 41 55 69 80 93 | 103 | 112
10 53 70 76 80 84 | 87 89
gL 3.0 40| 51 60| 68l 72| 9i
1 190 [ 253 | 313 | 360 | 412 |452 | 493 |
. 12 19 25 3 35 41 46 | 51
138|179 | 238 | 296 | 341 | 391 | 429 | 468
14 21 28 | 37 44 | 52 | 59 65
15 15 20 26 31 16 41 45
16 6 8 H 13 36 | 18 20
£.1 Retarded volume {10%m®) in retarding basin

ENTIRE K.WIDAS BASIN
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K. Kedungsoko before the confluence with K. Widas
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2.4 UNTT HYDROGRAPU METHOD OF FLOOD ANALYSTS AT DAM SITES

The method df unit hydropgraph analysis by using dimensionless

hydrograph is as follows ;' (refer to Fig. 2.4.1 and 2.4.2),

‘2.4.1 Assumption

Storm duration and distribution over a watershed affect the shape

of the resulting unit-graphe. Direct averaging of unit-graphs of

different storm durations gives erroneous results. However, such unit-

graphs can be averaged by covering the unit graphs to dimensionless form. .

2.4.,2 Hydrograph Analysis

Given : Recorded hydrograph at given point on a stream.

Required: Factors for deriving unitvgréph to be applied at point

of derivation, at another point on stream if of comparable run-off

characteristics, or to comparagble ungaged watershed,

Procedure

(a)

(b}

(e)

(d)

(e)

Plot recorded hydrograph on cartesian coordinate paper and on

semilog paper,

Estimate base flow by trial and error. Subtract base flow from
recorded hydreograph and plot net hydrograph. If the base flow has
been estimated correctly, the descending Limb of hydrograph will

be a straight line (exponential recession),

Compute volume of net hydrograph as follows
(1) Add average hourly discharge to a point such as y on the

exponential recession.

“(2) Total volume is sum of volume to y plus ﬁolume after y.

Compute time of occurrence of one-half volume of hydrograph. The
time to centér of volume Tcd’ equals time from beginning of yain

of net hydrograph to time one-half volume has passed measuring point.

Compute dimensionless graph as folldws and plet on semilog paper,
(1)  Abscissa —- hours from begimning of excess rain expresses

as present of T .
. cv

" {i1) . Ordinate -~- discharge in'm3/sec of (at respective abscissa)

multiplied bychv, all divided by net hydrograph volume
expressed as m [sec, o

Days Chgﬁzﬁﬁ
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