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A Study on the Influence of Underground In-flow Water
to Coal Production in Changsung Coal Mine.

Doo Young Kim and Young Dal Kim

Abstract: A various kinds of harmful gases in the gallery and the increasing quantity of in-flow
water are the important factors causing mainly the decline in production.

In this thesis, the increase and dectease of in-flow water which effects the out put have been
investigated and analysed in the statistical method.

Through the results obtained together with the stastistical data some typical interreation formula
between the quantity of in-flow water and production have been induced and the productive percentage
in season was examined with special reference to Changsung Coal Mine.

The formulas are as fallows: @ Underground in-flow water to production; Y= -5.74x24108.9x}
6,346.6 where, Y: production(tons/day): x:in-flow water(m®/min), @ Rain and Snow fall to production;
P=6.555—1.591 R+1.282 S where, P;production(tons/day); R:rain falllmm); S : snowfall(cm), ® Pro-
ductivity ratio in season compared with the average annual production; 1st quarter of year:100.1 %s
2nd quarter of year: 100.3%, 3rd quarter of year: 97.2%, 4th quarter of year: 102.49;.
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Table 1. Pumping status of underground in-flow water(1978)
drainage Pumping depth Capacity of pump Actual pumping time (hr/
Level {Pump-|{Pump-| Sump Pump 1 9
of 1 inlg h n;l% quantitym?/
sump | level |heig] y
Pits ML) [y | o | ey | BB | No- min/EA| 1 2 4 5 6 7
- Ave. | Max.
—75 o 75 30 20 104907 0.7, 1.66
—s500 o so 30 30 1049|07 | 172 1.6| 24| 1.75 1.98 3.08 2.81
Jungang of 150 150/ 1,700, 100, 2 1.12 | 1.6 |13.25 16.96 17.3 | 17.25 17.53] 17.4 { 16.93
§ 1500 3000 150 1,560{ 250{ 4] 2.59 | 3.7 | 25.81] 24.38 20.43 18.4 | 18.6 | 17.96 19.13
300, 600, 3000 900| 400| < 4] 2.640 3.785 28.11 27.0 | 24.16| 21.83| 23.4 | 23.83 27.9
208 3000 2 30l s0| 1040]07 | 0268631014 9.44] 10.39 16.58 15.14
Total 4,250| 2, sso. 13 } | 78.15| 78. 57| 74.43| 64.67| 71.85] 79.55 83.63
Changsung 450 600l 150 700 250] 2} 2.59 ’ 3.7 | 178 1.15) 1.11 1.06 1.08) 1L.1]| 1.33
a0/ 600l 150 400| 250 2l 25037 | 468 421 396 3.8 3.05 3.36 4.0
Kumchon 600, 603 3 4000 40| 135 | 7.0 |15.53 15.51 14.93 14.18 13.2 | 10.78 8.%5
507 600, 3 30 30 1 238|34 1.93 6.63
Total ssol 570, 4 | 20. 21| 19.72| 18.89] 18. 04| 16.25| 16. 07| 18.88
75| 1s0] 7s] 100 sl 1 0.49]07 | ned 164 23| 18] 189 312 285
Mungok 150, 300 150| 440 250 2 2.59 3.7 | 7.09 7.06| 5.99 5.55 5.75 5.97 6.25
300 600, 300 440 400 2| 2.640 3.78 | 10.66 10.24 9.16 8.28 8.87] 9.04| 10.6
Total 890 1,330, 5 19. 43| 18. 88| 17. 45| 15. 68 16. 51‘ 18.13 19.7
Kaebal | 669 713 44’ 101 300 104907 | 43 403 474 441 4 86\ 7.75 7.61
Grandtotal | | |  |6680 5280 25 122.12122. 35/116. 62107. 86[110. 55/122. 6 [131. 15
Table 1. (continued)
\d rainage Calculated quanitity of in-flow water (m3/min)
N 1 9 7 8
Pits\1|2 314'5‘6;7}8|91lo<11;12
0.014) 0034 o0.024 0.0600 0.021] o0.02 0031
0.035 0.033 0.049| ;0.036 0.039 0.063 0.057 o0.040 0.063 0.041 0.033 0.033
0.583 0.758 0.758] 0.769] 0.779 0.735 0.699 o0.6911 0.650] 0.690 0.716 0.727
Jungang 2.167| 1.840| 1.840] 1.181] 1.189 1.126| 1.274/ 1.870| 2.847 2.211| 1.678/ 1.615
0.318  0.349 0.3490 0.423 0.576 0.692 1022 <2.221] 1998 2248 2202 1402
0.189 0.176] 0.176] 0.193 0.212 0.339 0.209 0.320 0.342 0.223 0.176 ©.176
Total 5202 5.156  3.156 2.602 2.795  2.960] 3.395| 5175 5060 5.434) 4834 3 087
Chang sung 0.192] 0124 0.124 o011l ou7 0.119 0144 0551 o0.818 0444 0339 0314
0.505 0.454] 0.454] 0.417 0.320] 0.363 0.432] 0.503] 0.653 0.567 0.491] 0.432
Kumchon 1.760 1.208| 1.808) 1.651 1.596 1.2090 0.771 2007 1.619 1.520 1.326 2. 098
0.191 0.657 0.189 0.813 0.884 0.566
Total 2.265 2262 2262 2068 1925 1763 1860l 26990 3085 2971 2383 2530
0.03¢ 0.033 0033 0.038 0.039 o0.064 0058 o041 0063 o0.043 o 037[ 0.033
Mungok 0.731] 0.729) 0.729 0.581 0.581 0.58 0.616 0.774 1.015 0.840| 0.716] 0.685
0.412] 0.368) 0.368 0.315 0.359 0.354 0.496 1.023 1.052 1.093 1. 0131 0.72
Total 1177 11300 1.130 .0914| o0.979 0.008 1.170] 1.838 2.130] 1976 1.766 1444
Kaebal | 0.088 0082 0082 0.000 009 0158 0155 0.167 0.173 0.115 0.091 0. 084
grand total | 7.014] 6.754] 6.754 5780 5.915  6.007  6.724] 10.430 12.196 10.040 ©.406 & 359
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day per each pump) Total quantity of pumped water (including repumped water)
7 8 1 9 7 8
8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
118 2.95 1.0l 1.43 1.5 I 0.014] 0.034] 0.024] 0.060] 0.021 0.029 0.031
1.98 3.11] 2.03] 1.6 | 1.63 0.035/ 0.033| 0.049 0.036| 0.039] 0.063] 0.057] 0.040| 0.063] 0.041] 0.033 0.033
16. 18| 16. 56| 16. 12| 16. 68 16. 95! 0. 618 0. 791 0.805( 0.818 0.812 0.790] 0.765 0.773| 0.752] 0.778] 0.791

24.33 33.55 27.46| 22.76| 22.3 | 2.785| 2.631] 2.205 1.986| 2.007| 1.938 2.064] 2.625| 3.620{ 2.963 2.456] 2.406
43.91) 50.9 | 47.21} 42.2 | 34.50 3.103| 2.980, 2. 667 2.409| 2.583| 2.630 3.086] 4.846 5.618 5.211] 4.658 3.808
16.12] 16.76| 10.93| 8.63 8.77 I 0.189! 0.176; 0.207| 0.193] 0.212 0.339] 0.309] 0.329 0.342) 0.223] 0.176 0.179

103.70:123. 83104. 76, 93.3 | 85. 65% 6. 730\ 6.611 5.935/ 5.429 5.659) 5.796| 6.340, 8.619| 10.476 9.211 8.130 7.248

5.11| 7.86] 4.11) 3. 08} 2. 91! 0. 192‘ 0. 124‘ 0. 1201 0. 114} 0. 117i 0. 119} 0. 144l 0.551] 0.848] 0.444] 0.332) 0.314

4.66/ 6.05 5.25 4.55 4.0 | 0.505| 0.454] 0.427} 0.417| 0.329 0.363] 0.432{ 0.503 0.653] 0.567| 0.491 0.432
17.21} 15.58| 14. 31 12.46) 17.35, 2.265] 2.262 2.177| 2.068 1.925 1.572) 1.203 2.510 2.272] 2.087, 1.817] 2.530
1.91 82 891 571 0.191] 0.657} 0.189 0.813] 0.834 0.566 ’

23.78] 29,83 28.47) 22.72] 21. 35| 2.770] 2.716 2.604] 2 485 2.254 2.126 2.209] 3.207 3.738 3.5%] 2.874 2.962

2.02) 3.11; 2.1i} 1.8 | 1.63) 0.034 0.033 0.047 0.038 0.039] 0.0564| 0.058| 0.041] 0.063] 0.043) 0.037, 0.033
7.55 9.99 8.18 6.98 6.65] 0.765 0.762 0.646 0.593] 0.620| 0.644| 0.674| 0.815 1.078] 0.883] 0.753 0.718
16.65 19.3 | 17.9 | 16.0 | 13.08| 1.177] 0. 130} 1. 011| 0.914] 0.979| 0.198| 1.170| 1.838 2.130; 1.976] 1.766/ 1.444

|

26. 22{ 32.40| 23.19) 24.78' 21.36 1. 976“ 1.925) 1 704 1 551! 1.638 1. 706] Looz| 2.604 2271 2002 2556 219

0.155/ 0.167| 0.173 0.115 0.091 0.034

8.16, 8.49) 5.62 4.44] 4.12 0. 088% 0. 032‘!‘ 0. 0971 0. 090} 0.099] 0.158

166. 97,202. 41/171. 15148. 32,135. 39 11. 756 11. 458/10. 460 9.69] 9. 767) 9.905/10.833) 15.233] 18506 16.210| 13.983 12.803

%

Power consumption for drainage (K. W.H.)

1 9 7 8 Remarks
1 i 2 { 3 ‘ 4 | 5 ‘ 6 | 7 ' 8 l 9 ‘ 10 1 11 12

Vs3] 7ed s46) 1,320 467 60 6o
1,193 1,003 1,665 1,175 1,336 2,608 1,950 1,374 2,088l 1,408 1,074 1,131
30,642 35,426 40,008 38,606 40,510 38,941 39,152 37,418 37,061 37,279 37.330] 39,199
149, 221| 127, 312| 118, 116| 102, 948! 107, 536] 100, 486| 110, 600| 150, 664 187, 712 158, 760! 127, 342! 128, 927
260,029, 225,90| 223, 490] 195, 422! 216, 459| 213, 326| 258, 641 406, 185| 455, 657| 436, 711| 377, 774 319,139
6,424 5,408 7,035 6,338 7,208 11,132 10,504 11,184 11,253 7,583 5794 6,084

447, 509] 394, 739| 390, 314; 344, 489| 373, 082! 366, 266, 421, 615 597, 371] 696, 0911 642, 208| 549, 954| 495, 174|

10,201 6,005 6,417 5931 621 6155 7,65 29543 43,977 23762 17,233 16,824

27,057) 12,985 22,895 21,597 17,634 18,799 23,126] 26,942 83,850 30,353 25,457 23,126
14,366 12,959 13,811 12.694 12,211 9,650 7,632 15,920 13,947 13,237 11,154 16,049
1,206 4,600, 1,325 5,505 6,182 3,834

I

| |
41,423! 34,944| 36,706! 34,251 29, 815 29, 745! 35, 358; 44,087 53,302 49, 772} 40, 45 39,175)

1,166 1,028/ 1,596 1,242 1,31% 2,095 1,977| 1,401 2,088 1,464] 1,209 1,131
40,991 36,867 34,631 31,052 33,242 33,402 36,134 43,650 55,894 47,293 39,053 28,447
98,609 85,557) 84,734 74,123 82,052/ 80,926] 98,054| 154, 019] 172,774| 165, 582 143, 322! 120,995

140, 766| 123, 452| 120, 961| 106, 417| 116, 605j 116,423 136, 165] 199, 070/ 230, 756, 214, 339| 183, 494! 160, 573§
3,004] 2,525 3,280 2, 961', 3, 373‘ 5,378 5,280 5,661 5,700] 3,899 2,981 2, 858
642, 993] 561, 665 557, 684! 494, 089! 529, 1491’ 523, 967 606, 107} 875, 73211028, 826/ 933, 980 794, 107| 714, 604
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Table 2. Monthly production of last ten years in Changsung coal mine

. Month 1 2 3 1/4 4 5 6 2/4
year ltem
W. D 28 25 27 80 27 28 27 82
6 9 A, D 6,505 6, 021 6, 522 6, 360 6,128 6, 034 6,333 6,163
T. P 182,142| 150,535 176,098 508,775 165,452 168,948 170,981 505, 381
W. D 29 26 26 81 29 29 28 86
70 A D 6,901 6,815 6, 630 6,786 7, 060 7,073 7,029 7, 054
T. P 200,136] 177,185 172,379 549,700 204,742 205,117 196,817] 606, 676
W. D 28 2 29 83 28 29 28 85
71 A, D 6, 142 6,474 6, 350! 6, 319 6,156 6, 079 6, 221 6,151
T. P 171,985 168,317 184,136] 524,438 172,375 176,290, 174,197] 522,862
W. D 28 26, 27 81 26 28 2 80
7 2 A D 6,392 5,981 5, 559 5,982 5,970 5, 861 6, 008 5, 944
T. P 178,976 155,513 150,090, 484,579 155,223 164,100, 156,200 475,523
W. D 29 26 28 83 27 29 27 83
7 3 A D 6, 606 6, 462 6, 507 6, 527 6, 587 6,539 6, 576 6, 567
T. P 191,565 168,014 182,182 541,761 177,862 189,630 177,556 545,048
W. D 29 2 29 84 28 29 28 85
7 4 A D 6, 858 6,753 6,727 6,781 6, 491 6, 763 6,748 6, 668
T. P 198,884 173,583 195,096 569,563 181,758 196,123 188,939 566,820
W. D 29 26 82 83 28 29 27 84
75 A, D 6,728 6,716 6, 688 6,711 6, 666 6,719 6,753 6,712
T. P 195,112 174,612) 187,269 556,993 186,649 194,862 182,328 563,839
W. D 28 27 28 83 27 29 28 84
7 6 A D 6, 056, 5,974 6,493 6, 177 6, 649 6,114 6,733 6,493
T. P 169,568 161,301 181,797 512,666 179,535 177,318 188,525 545.378
W. D 28 25 28 81 28 28 28 8L
77 A D 6,942 6, 573 6, 662 6,731 6, 750 6,787 6,733 6 756
T. P 194,372 164,336 186,526 545,234/ 188,986 190,032 188,510, 567,528
W, D 28 25 28 81 27, 28 27 82
7 8 A D 6,709 6, 612 6,761 6, 697 6, 878 6, 922 6, 812 6,871
T. P 187,856 165,306 189,313 542,475 185,693 193,815 183 920 563, 428
W. D 254 258 278 820 275 286 274 835
total A. D 6, 587 6, 437 6,492 6, 508 6, 539 6, 490 6, 598 6, 542
T.P 1, 870, 59| 1,660,702 1,804, 836| 5, 336, 184| 1,798, 275| 1, 856, 235| 1, 807, 973 5, 462, 483

W.D: worked day, A.D: average per day, T.P: total production
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7 8 9 3/4 10 11 12 4/4 total
27 28 28 83 29 28 29 86 331
6,172 5, 900 6, 622 6, 232 7,035 6, 309 6, 669, 6, 765 6,321
166,635 165,193 185,418 511,246| 204,019] 176,655 193,404 574, 078 2,105, 480
29 28 28 85 29 28 30 87 339
6, 249 6,072 5, 889 6,072 6,419 6,786 6, 712 6, 638 6,637
181,244/ 170,020/ 164,873 516,157] 186,176 190,010, 201,351 577,543 2, 250, 076
29 28 28 85 29 28 29 86 339
5, 285 5, 237 5, 581 5, 366 5, 920 6,429 6, 686 6, 344 6, 044
153,255 146,628 156,261 456,144 171,680 180,000 193,885 545,566 2, 049, 010
28 27 28 83 29 28 29 86 330
5, 999 3,668 1,552 3,741 3,455 6, 296 7,207 5, 645 5 321
167,962  99,042) 43,465 310,469 100,203| 176,294| 209,012 485,509 1, 756, 080"
28 28 27 83 29 28 29 86 335
6, 326 6, 337 6, 051 6, 240 6, 603 6, 730 6, 879 6,738 6, 510
177,130  177,446) 163,372| 517,948 191,485 188,443 199,497| 579, 425 2,184,182
29 28 28 85 29 28 29 86 340
6, 601 6, 445 6, 307, 6, 469 6, 665 6, 659 6, 694 6, 673 6, 647
101,424 180,456) 177,982 549,862 193,286 186,445 194,129 573,860 2, 260, 105
29 28 29 86 29 28 29 86 339
6, 683 6, 559 6, 251 6,497 6, 550 6, 364 6, 631 6, 517 6, 608
193,807) 183,659 181,287 558,753 189,951 178,201| 192,206| 560,448 2, 240, 033
28 28 27 83 29 28 29 86 336
6, 983 6,912 6,643 6,849 6, 396 6,753 7, 588 6,914 6,610
195,581) 193,535 179,365 568,431 185,492 189,095 220,048 594,635 2,221,110
28 28 27 83 29 26 29 84 332
6, 899 6,333 6,530 6,588 6, 847 7, 474 6,102 5, 855 6, 480
193 164) 177,320 176,310 546,794| 198,560 116,312| 176,953 491,825 2,151, 381
28 28 28 84 29 28 29 86| 333
6, 755 6, 755 6,790 6, 767 6,915 6,925 7, 050 6, 964 6, 826
189,133 189,165 190,110 568,408 200,548 193,908| 204,450 598,906 2,273, 217
283 279 278 840 290 278 291 859 3,354
6, 393 6, 030 5,822 6, 084 6, 281 6, 386 6, 821 6, 498 6, 407

1,809, 285/ 1, 682, 464| 1, 618, 463 5,110, 212 1,821, 400| 1, 775, 363| 1,985, 032 5, 581, 795

21, 490, 674
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Table 3. Monthly rain and snow fall through last ten years in Changsung area
month|
1 2 3 1/4 4 5 6 2/4
year
' 69 Rain fall 81.0 64.9 54. 5 200. 4 22.7 — — 22.7
Snow fall 0.2 — — 0.2 150. 8 78.0 55.3 284. 1
70 R 13.5 45.5 16.5 75. 5 — — - —
S — 17.0 - 17.0 48.7 124.8 142. 1 315. 6
7 R 23.2 6.5 34.0 63.7 — - - -
S 32.9 38.4 54. 6 125.9 38.6 124.8 151. 0 314.4
79 R 42.5 33.5 1.7 7.7 — — — —
S 87.1 15.0 171.9 274.0 88.8 152.9 71. 9 313. 6
73 R 100.5 — 3.0 103. 5 — — — -
S 32.0 6.5 6.0 44.5 140. 6 145.0 191. 1 476. 7
" R 28.5 38.5 8.0 75.0 — — — —
S — 4.4 4.4 38.8 187.7 — 53.8 241.5
75 R 81 20.0 58. 6 86.7 — — — —
S 2.6 — 26.1 28.7 125.0 127.5 186. 1 438.6
76 R 4.5 6.8 17.0 28. 3 — — ] -
S — 62. 4 26.9 89. 3 84.0 23.0 82.0 189.0
77 R 10.0 0.3 11.0 21.3 — — — -
S — — 23.9 23.9 210. 8 51.5 140.7 403. 6
78 R 35.9 29.0 16.0 80.9 — — — -
S 10.7 -—_ 36.5 47.2 23.5 19.0 286. 2 328. 7
total R 347.7 245. 0 220. 3 813.0 22.7 — — 22.7
S 165.5 143.7 380. 3 689. 5 1,098 846.5 1,360.2 3,305.2
Ave R 34.8 24.5 22.0 81.3 2.3 — — 2.3
S 16.6 14.4 38. 0] 69. 0 109.8 84.7 136.0 330.5
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... R:mm
unt:g i em

7 8 9 3/4 10 11 12 4/4 total
— - —| - — 7.0 10.0 17.0 240.1 cm
3021 3624  195.3]  859.8 1.2 11.7 - 12.9 1,157. Omm
_ — — — — — 2.7 2.7 78.2
318.2  291.2  274.4  883.8 49.8 2.9 3.3 108.0 1,324.4
- — — — — — — — 63.7
209.5  254.9 65.0,  529.4 8.0 10.0 17.9 35.9 1,005.6
_ — — — — — — — 89.1
165.1 6315 98.9  895.5 1.69 88.1 56.7,  206.7 1,689.8
— — — — — 4.7 13.6 18.3 121.8
141.5 88.9  137.6]  368.0 70.2 26.6 — 9.8 986.0
— — — — - 0.2 2.4 2.6 77.6
370.0  166.2 9.7 632.9 32.4 10.6 10.9 53.9 967. 1
— — — — — — 3.0 3.0 89.7
330.5 95.0  366.8  792.3 6.9  123.0 2.7 214.6 1,474.2
— — — — — 12.5 2.0 14.5 42.8
70.3  413.8 28.90  513.0 65.0 2.5 21.0 88.5 879.8
— - — — -~ 0.2 4.0 4.2 25.5
255.6  138.3  192.8  586.7 35.0 92.4 19.3 1467 1,160.3
— — — - — — 60. 0 60. 0 140.9
187.2  173.5 58.2  418.9] 1017 35.6 23.9 1612 956. 0
— - — — — 36.0 9.7 133.7 969. 4
2,350.0 2,615.7 1,514.6{ 6,480.3 4941  427.4  203.7 1,125.2 11, 600. 2
— — - — -~ 3.6 9.8 13.4 97.0
235.0 2179  15L.4]  648.0 49.4 42.7 2.4 112.5 1 160.0

E A e ZRERS ST B4
E REN R BEo] k3t flEnto] M) o
= Ao By}

olo] MBS K37l 13t MAHARS XmY
min, 4pERES Yton/day g el o] 59 FAE —
o2 —REEEGRE AT & Q4 ot g *ﬁ
BREES Rt st ohgad 2ol TGRS &
A

wheb] Z —fRe

Y=ax?+bx+c Z FxR3A )

o] —BRE M Kt 9 &3t 2},
2Y=aZx2+b2Zx+Nc

ZXY=a¥X3+bIX2+cIX

o yo
H fo

XY =aZX4+bIX3+-cIX2
#1 2 £2404 HA HAECF £ER (V) EH
ote] tabled & HHE MRS LK) KA g
sk 7ol
Bl 81,973a+95.82b+12c=81,884
7,499.14a--819.73.b+4-95.82¢=654,300.75
72,779.13a+-7,499.14b-- 81,973 =5,600,797.67
ARl A a, b, ¢ & Fal7] 3l FiFkon Tu
a=—5.74
b=108.9
€=6,346.6 7} &4 A},
webAl BRE —fRe o ReE HREd.
Y= —5.74 x2+108.9 X+ 6,346.6+++-+rvvv- ®
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Table 4. Inducing calculations for formula (@
i factorslin-flow water| production
\ (m3/min) | (T/day) X2 X3 X4 XY X?Y  |remarks
-month(N) X Y
1 7.1 6, 709 49,14 344, 47 2,414.75  47,039.09 329, 680. 29
2 6.75 6,612 45. 56 307. 55 2,075.94 44,631 301, 242. 72
3 6.28 6, 761 39.44 247. 67 1,555.39  42,450.08 266, 653. 84
4 5.79 6, 878 33.52 194. 10 1,123.87  39,823.62 230, 550. 56
5 5.92 6, 922 35.05 207.47 1,228.25  40,978.24 242,612.10
6 6.01 6, 812 36.12 217. 08 1,304.66  40,940.12 246, 049. 44
7 6.72 9, 755 45.16 303. 46 2,039.28 45,393.06 305, 055. 80|
8 10. 43 6, 755 108.78 1,134.63  11,834.15  70,455.65 734, 808.90
9 12. 20 6, 790 148.84 1,815.85 22,153.35 82,838 1,010, 623. 60
10 10. 94 6,915 119.68 1,309.34 14.324.16  75,650.10 827, 587. 20
11 9.41 6,925 88.55 833.24 7,840.77  65,164.25 613, 208. 75
12 8.36 7,050 69. 89 584. 28 4,884.56 58,938 492, 724. 50
z 5.8  s1s8 1073 7,499.14] 72,779.13) 654, 300. 755, 600, 797. 67
Table 5. Inducing calculations for formula®)
factors| production | snow fall [rain fall | ‘ R
\ (per/day)| (mm) (cm) PR PS ‘ RS ' P2 } R2? S2 ren;is
month P R S
1 6, 587 16.6 38.41  109,344.2 229,227.6 577.68 43, 388, 569 275.561, 2‘11. 04
2 6, 437, 14. 4 24.5 92,692.8 157,706.5 352.8 41, 434. 969 207.36 660.25
3 6, 492 38.0 22.0] 246,696.0 142,824.0 836.0 42,146, 064 1,444.0 484.0
4 6, 539 109. 8 2.3 717,982.0 15,039.7 252.54 42,758,521 12,056.04 529. 05
5 6,490 84.7 0 549, 703. 0 0 ] 42,120,100 7,174.09 0
6 6, 598 136. 0f 0 897, 328.0 0 0 43,533,604 18,496.0 0
7 6, 393 235. 0| 0 | 1,502,355.0 0 0 40, 870, 448 55,225.0 0
8 6, 030, 261. 6| 0 | 1,577,448.0 0 0 36, 360, 900 68, 434, 56 0
9 5, 822 151.4 0 881, 450. 8 0 0 33,895,984 22,921.96 0
10 6, 281 49. 4 0 310, 281. 4 0 0 39, 450, 961 2, 440. 36 0
11 6, 386, 42.7 3.6/ 272,682.2 22,989.6 153.72 40,780,996 1,823.29 12.96
12 6, 821 20 4 9.8 139,148.4 66,845.8 199.92 46,526, 041 416.16  96.04
3 76,876 1,160.0  97.0| 7,207, 112. 0] 634,633,202, 372. 66| 493, 266, 8561190, 914. 38} 4109, 54|

@) BF L BEES AERSTY RE

MW 2 BZES} AEET] HGE KR KA
HBEARE 7 ol s HBMGE ke
ot 2 ks BT A5 RS BREY -
S #£% 2REWE ook sz A =
BEOL A RE Ao® wol 1 kEME od=
BHSFE T B G Aom wyd k@ mA
HUKES EERSLY) BGAs fgke) BEe o 6]
fote] RS R(mm), BEES Sem) 2 A s
< P(ton/day)z} b3

P=a-+bR+cS = #Hziso),

el BithE 71 Ao ge ARe] BT = 9o

2E ol E durehd

ZP=aN+bIR+cIS

JP-R=aYR+bIR2+c3IR-S

2P-8S=a¥S+bIR-S+cXS?z o}
Table 2 ¢} Table3 o A FERIE(R) 2 FBEES)H 4
BERPYE HHsI] table 55 Mg o= A
W oA 2] g,

12a+1,160 b-+-97 c=76.876

1,160 a+190,914.38+2,372.66 c==7,297,112

97 a+2,372.66 b+2,409.58 = 634,633.2
A71A K a, b, c & 27 9ot 94 ko=
il

bl
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a=6,555
b=—1.591
c=1.2827} Hx
AS AERS BE 2 BREEA HEHERS RO
2 FRE,

P=6,555—1.591 R--1.282S-cxcnn. ®

() AWM Mt SHid k3 BEhkKR

LERS WAHKC 713 & EROFE BW, &
BEY pES wgomw AR EHES WANEK
& 3 W, BREES BT Be dde 24 g
}.

2 ERE ol HWHY #HEHEY B4 JdE £
By EEERES HETENeZ Shrstd $A9 ORF
QA9 HRMS i) £ BE/F geomz g
o] ZEEME ket

< WAEHK BEMES SBERES BEsd ®3
F ol E WS PAEE Rl REEKS table 651
Zol Hitstgloh

ol & R st SHIG FEEHKE HRERS 3
ERE PIGEE A &3t R oS3} golh & ok

% gk

27 1 100.1%
204 1 eeeeeenanns 100.3%
3/4 11 ceerennennns 97.2%
414 1 eeeeeeennn. 102.4%
AE R ceererenenns 100%
3 FER W B

ol gt ko] ALEER] HAHIKEC fkale wme =
As HEL =3 N AR EEPSS 3= g
W R BERREoE WMot W MBS WHes %
bz [l B3 FoHAS ERe fkalo] e}
FEH (50 EEFES BRI HHES 44 W
sk =t

of MiRE EHA BA 2o BARES A ik
PHRES] A7 A 4 Ho] 4 5.8m%/ming] Mkt
A= vlsle] 9 folE 122m%/min Be BE n
ol lot 459 ffEfko]l 43 6,539ton ol KiF 9
Aele 2318 A& 5822 tonoz Ve 9ok, o=
WA E REREKS A% WNHARC) iRl
A 9% AA P1Ae Aow HEiE o

T BTRES 189 59 348em i) b wr &
WES 7TAE 870 REMEY 235mm 9} 218mm & %
# ez gt o] fRE 1285 159 gEme)
AR K] Fol MK 3FRY Sy K

2 WAH 7, 8F el go] 7 BRI —ERHiL A
G AR HAHE AL 4F o o MAKER
RobA RAKES A5 RANEE R EfE
FG7A Y AR HHE BRTY HHEMY #E
R N Hie] @RS KT A, BAES I
miy AL fEolst B o e ¥ 4R b 2
#BiEhol 9l Aoz vol Wik} BW 2 BHol K
HEZRS 34 g8 Aos AEE o= £EET
WAH KRS BRGNS Rotx g5 sleh <14
<= BHH 5F 10m3AA = ARl WREE RIkst
A ot 2 Lk HikelE Aol WS ¢
T ek

A BEEHS HEZ Bol BN £ERS &
FIABEE L 9729024 3% Bt doinz &
KRE EER S Hale] 5% BmES JeEis
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R AZMA Bl RS BES S¥El S
R GIREAK R BN, BEESHY MG
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ol &AM BRfE Atolo] Z/he] EHA A
7le AL RECHT o] £t #HEMED Leddzn
= ow BRIV HIKS) ] KT MES HE
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HEAHiAS] Bhnfgel & REEIA = L 22 #isth
6 3 FEGES AT EEY REH 4R
RARAKE ¥ BW BRIE GRS Hi
FoREA BEL B> o] A0z A=Y

4. # £

VEHBIR) vHE SRR SelA Bkt
SEES PR W, RERT AERETY) HEES
R WIE G R,

(1) SEPIHIAR AR B

Y=—5.74X2+108.9X+6346.6

Q) WG, BERE SRR BEHL

P=6,555—1.591R +1.282S
@) SRl K B

273 ;IR 100.1%
24 11 eeeeeenneen 100.3%
3/4 11 cereeenieeeene 97.2%
414 11 ceeririiianen 102.4%
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Table 6. Production ratio in season induced by link connection method of time order
factor Compared producin ratio to last month
‘ | - 1 ]
month 69 | 70 71 72 73 7t l 75 76 77 78 1 | 2

1 — 103 92 96 92 100 101 91 91 110, 91 91
2 93 99 105 94 98 98 100 99 95 99 93 94
3 108 97 98 93 101 100 160 109 101 102 93 97
4 94 106 97 107 101 99 100 102 99 102 94 96
5 98 100 g9 98 99 104 101 92 101 101 82 98
6 105 99 102 103 101 100 101 110 S9 98 98 99
7 97 89 85 100 96 28 99 104 102 99 85 89
8 96 97 99 61 100 98 98 99 92 100 61 92
9 112 7 107 42 95 <9 95 96 103 101 42 95
10 106 109 106 223 109 105 105 96 165 102 96 102
11 90 106 109 182 102 160 97 106 65 100, 65 90
12 106 99 104 114 102 101 104 112 136 102 99 101
Ave. ‘ 100. 45| 100. 08 100. 25 109.41] 99.66, 99. 91I 100. 08| 101.33; 99.08 101.33] 84.08 95.33

Table 7. Comparison of actual production tc cajculated quantity with the application of formulas

\\Yea’ 1969~1978 1978
\ Actual Calculated | Calculated | Calculated | Actual Calculated | Calculated | Calculated
i\ ITEM Out Put |Out applied| Out put | Out Put. | Out put ap-| Out put remarks
Production| applied by|by one yearlapplied by Production |applied by| plied by one |applied by
\ (daily) 10year rain|Ave in %rlow season | daily) 10year  Iyears av. in-| season
month fall water | index | rainfall |flow water| index
1 6, 587 6, 477, 6, 828, 6, 571 6, 709 6, 901 6, 828 6,584
2 6, 437 6, 369! 6, 820 6, 564 6,612 6, 785 6, 280 6, 592
3 6,492 6, 401 6, 820 6, 523 6, 721 6, 819 6, 820 6,517
4 6, 539 6,433 6,784 6, 383 6, 878 6, 853:: 6, 784, 6, 517
5 €, 450 6, 394 6, 790 6, 420 6,922 6, 812 6, 790 9,525
6 6, 589 6, 458 6, 794 6, 339 6, 812 6, 881 6, L94] 6, 100
7 6, 393 6, 356 6, 819 6, 181 6, 755 6,771 6, 819 6, 257
8 8, 030 6,221 6, 858 6, 208 6, 755 6,628 6, 858 6, 279
9 5, 822, 6, 099 6, 821 6, 314 6, 790 6, 498 6, 821 6, 462
10 6, 281 6,433 6, 851 6,476 6, 915 6, 853 6, 851 6, 393
11 6, 386 9, 497 6, 863 6, 487 6, 925 9, 922| 6, 863 6, 498|
10 6, 821 6, 747 6, 856 9,523 7,050 6, 188 6, 856 6, 517
Ave. 6, 407, 6, 407 6, 825 6, 416 6, 829 6, 826 6, 825 6, 437
ot BT HEHERZE wiXHe] glojok dlm o] F Fem, BEZEe] KT MIRHAK HE8E Sd gt wo

R Rfpe] pEEts £

o] LUt SiRHAES AEFEES] BE 2

2
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SHAE, 1968. FIRKIES HiAKS} piping Bigol %

HRWT.

B P detek $Res B

® B

o) 8154 418+3] %] vol. 5 no.1
Shoard, 1973. R. L. A. history of water problem in
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amount order from min. to max. average| link g(()irrec- E.:;(:irrec-l il:due())( romarks
3| 4| 5| 6| 7| 8] o 10 medmindex o e e
92 92 9% — 100 101 103 110] 9 | 100 | 0. | 100 | 1001
% 98 9% 9 99 9 100 105 985 985 —0.1 o84 994
9 100 100 101 1001 102 108 109 100.5 9 | —0.1 o989 990
o7 %9 100 1001 102 102 106 107 100.5 88.5 —0.2 99.3 100.4
% 9% 9 100 101 100 101 104 9.5 9 | —0.2 088 oo8
99 100 101 101 102 103 105 110 101 100 | —0.f 99.7 100.8
% 97 98 9 99 100 102 104 985 985 —0.3 o982 990
% 97 9% 98 99 99 100 100 98 965 —0.4 o061 o7.1
05 9% 97 9 1001 008 107 112 98§ 946 —0.4 o402 052
105 105 105 106 106 109 109 223 1055 99.8 —0.5 99.3 100.4
97 100 100 102 106 106 109 182 101 | 100.8 —0.5 100.3 1014
102 102 104 104 106 112 114 13 104 | 1048 —0.6 1042 1053
97.50] 98.66] 99. 66| 100.90] 10189 103. 80| 105.33 125.16) 100.08 99.25 —0.3 98.95 100.0
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