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Table 2.1
Mt. Unzen-Fugen

F61E £15

EMEBEHHKIEORLETTEFET

Some remarks of aerial photos taken before and after the volcanic eruption of

Date Watershed” Scale Remarkable events
1991. 3. 2 M. 1/15,000 2.12 ummit crater explosion
1991. 6.16 M. 1/10,000 6.3 pyroclastic flow disasters
1991. 8. 8 M. 1/10,000 6.30 debris flow disaster
1992, 2.19 M. 1/10,000 9.15 pyroclastic flow
1992. 3.11 M. 1/10,000 3.1 debris flow
1992, 5.10 M. 1/10,000 3.15 debris flow
1992. 8.28 M. 1/10,000 8.8-15 debris flows
1993, 4.10 M. 1/15,000 pyroclastic flows
1993. 5. 3 M, N. 1/10,000 4.28-5.2 debris flows
1993. 7.24 M., N. 1/10,000 debris flows and pyroclastic flows
1994, 3.31 M, N, Y. 1/10,000 pyroclastic flows in Yue R.
1994, 7.22 M, N. 1/10,000 pyroclastic flows
1994.12.19 M., N. 1/10,000 pyroclastic flows

* M.; Mizunashi River, N,; Nakao River, Y.; Yue River
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Figure 2.5 Geometrical segments in Mizunashi River, Unzen
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Figure 3.3 Gully distribution in the upper Mizunashi river
(March-May, 1993)



AN BT 5 LR RE TS 2% (LEF) 25

QTR RTE
i

(3) 19934F 7 A22 HIRBZFELHIFIC L B A — 540
Gullies on June 22, 1993

(5) 19944F 7 H22 A B B S & 5 7Y — 534
Gullies on June 22, 1994

(4) 19944 3 A3 HIEHEEHGFRIZ L 5 ) — 70
Gullies on March 31, 1994
GRfa iS5 mbllk, HFH 3 ~5m, ZIE3mLT)
(lines in red: gully width more than 5m, blue: 3 to 5m, dark: less than 3m)

REEN| LGB AT —5mOEFE (1993.7
~94.3)
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F£—3.1 EZMWF) —-FHIEH Table 3.1 Gully length and numbers in Mizunashi River, Unzen

Akamatsu A=2.392 ko
Gully Length Gully Numbers

92

SN B R Y BEE

1% 9%

B=1-3 m A-1 A-2 A-3 A-4 A-5 A-6 A-7 subtotal B=1-3 m A-1 A-2 A-3 A4 A-5 A-6 A-7 subtotal
1991. 6.16 0 0 700 535 601 248 0 2,083 1991. 6.16 0 0 6 1 1 1 0 9
1991. 8. 8 0 264 100 100 200 119 0 782 1991. 8. 8 0 2 3 2 1 1 0 9
1992. 2.19 0 0 0 169 1,290 8 0 1,467 1992, 2.19 0 0 0 4 11 1 0 16
1992. 3.11 0 899 | 1,946| 1,335 | 1,252 18 0 5,450 1992, 3.11 0 1 31 19 11 1 0 73
1992, 5.10 0| 1,210| 5,781 | 6,362 | 1,529 366 99| 15,347 1992. 5.10 0 16 77 73 16 3 1 186
1992. 8.28 0 747 402 668 256 0 0 2,073 1992. 8.28 0 13 10 7 2 0 0 32
1993. 4.10 0| 1,400 3,157 | 1,833} 1,968 476 0 8,833 1993. 4.10 0 12 17 16 14 3 0 62
1993. 5.3 0 33 929 | 2,063 1,923 130 0 5,077 1993. 5. 3 0 1 9 16 14 1 0 41
1993. 7.24 0 788 | 1,359 236 367 437 359 3,545 1993. 7.24 0 9 13 2 1 4 3 32
1994. 3.31 549 | 2,051| 1,618| 1,535| 1,369 470 716 8,308 1994. 3.31 7 22 11 7 12 4 5 68
1994, 7.22 652 | 1,755 | 1,456 911 587 0 0 5,361 1994. 7.22 3 13 14 7 7 0 0 44
1994.12.19 29 407 875 | 2,218 | 1,251 233 0 5,013 1994.12.19 1 4 7 13 9 3 0 37
1,230 [ 9,553 18,324 | 17,965 12,590 | 2,505| 1,173 11 103 198 167 99 22 9
B=3-5m A-1 A-2 A-3 A-4 A-b A-6 A-7 subtotal B=35m A-l A-2 A-3 A-4 A-5 A-6 A-7 subtotal
1991. 6.16 0 0 235 56 0 0 0 291 1991. 6.16 0 0 1 1 0 0 0 2
1991. 8. 8 0 0 300 0 0 0 0 300 1991. 8. 8 0 0 1 0 0 0 0 1
1992. 2.19 0 0 0 0 68 0 68 136 1992. 2.19 0 0 0 0 1 0 1 2
1992. 3.11 0 0 0 0 289 0 113 402 1992. 3.11 0 0 0 0 1 0 1 2
1992. 5.10 0 435 485 350 560 202 41 2,073 1992, 5.10 0 1 3 4 3 4 1 16
1992, 8.28 0 816 | 1,595| 1,731 | 1,022 177 0 5,339 1992. 8.28 0 10 19 15 5 3 0 52
1993. 4.10 1,005 621 989 | 1,681 481 523 451 5,750 1993. 4.10 5 5 4 6 2 4 4 30
1993. 5. 3 0 291 | 4,352 11,279 | 1,753 | 2,721 428 | 20,823 1993. 5. 3 0 3 16 26 12 9 3 69
1993. 7.24 1,637 | 1,898 | 4,159 1,360 124 | 38,738 313 | 48,231 1993. 7.24 12 11 24 6 3 4 2 62
1994. 3.31 361 0] 665 168 211 146 58 1,609 1994. 3.31 2 0 10 3 2 2 2 21
1994. 7.22 457 577 | 1,018 722 444 999 0 4,217 1994. 7.22 4 2 4 4 3 7 0 24
1994.12.19 0 843 | 2,240 756 759 675 191 5,464 1994.12.19 0 6 14 3 3 5 2 33
3,460 | 5,482 | 16,037 ] 18,103 | 5,710 | 44,181 | 1,662 23 38 96 68 35 38 16
[ B> m A-1 A-2 A-3 A-4 A-b A-6 A-7 subtotal B>5m A-1 A-2 A-3 A-4 A-5 A-6 A-7 subtotal
1991. 6.16 0 0 0 0 0 0 0 0 1991. 6.16 0 0 0 0 0 0 0 0
1991. 8. 8 0 0 0 417 986 | 1,047 187 2,637 1991. 8. 8 0 0 0 1 1 3 1 6
1992, 2.19 0 0 0 0 329 165 346 840 1992. 2.19 0 0 0 0 1 1 1 3
1992, 3.11 0 0 0 0 0 400 210 610 1992. 3.11 0 0 0 0 0 2 1 3
1992. 5.10 0 0 0 0 486 | 1,086 503 2,075 1992. 5.10 0 0 0 0 2 2 2 6
1992. 8.28 0 0 952 | 1,718 | 2,629 | 2,404 | 1,013 8,716 1992. 8.28 0 0 5 7 12 10 4 38
1993. 4.10 0 0 223 294 1,111 931 | 1,141 3,700 1993. 4.10 0 0 1 3 4 6 3 17
1993. 5. 3 0 423 | 2,163 | 6,606 | 2,436 | 1,253 | 1,035| 13,917 1993. 5. 3 0 2 8 9 8 5 3 35
1993. 7.24 1,565 | 2,757 | 3,885| 3,821 2,854 | 2,189 927 | 17,998 1993. 7.24 7 11 16 8 6 10 4 62
1994. 3.31 666 | 1,668 | 2,181 | 2,795| 2,045 1,791 950 | 12,096 1994. 3.31 4 6 15 10 6 8 5 54
1994. 7.22 599 [ 1,099 1,612| 2,604 | 2,416 1,409 ) 1,097 | 10,836 1994. 7.22 3 3 7 6 7 6 5 37
1994.12.19 227 834 | 1,245| 3,008| 1,897 | 1,158 | 1,164 9,533 1994.12.19 3 4 6 7 5 6 5 36
3,057 | 6,781 | 12,261 | 21,262 | 17,189 | 13,834 | 8,574 17 26 58 51 52 59 34




Mizunashi A =1.386 ko
Gully Length Gully Numbers

TR

(£8%) By SMOIMLHVETY O

B=1-3 m M-1 M-2 M-3 M-4 M-5 M-6 M-7 | subtotal B=1-3m M-1 M-2 M-3 M-4 M-5 M-6 M-7 | subtotal
1991. 6.16 591 519 | 1,176 695 1,323 2,455| 3,940| 10,699 1991, 6.16 4 7 11 4 17 23 33 99
1991. 8. 8 [ 0 537 992 582 1,607 1,279 4,997 1991, 8. 8 0 0 8 9 4 14 10 45
1992. 2.19 0 0 0 427 895| 2,752 1 1,020 5,093 1992. 2.19 0 0 Q 2 10 39 13 64
1992. 3.11 0 0 0 634 784 | 2,787 1,714 5,919 1992. 3.11 0 0 0 2 12 29 13 56
1992. 5.10 0 0| 1,334 1,172 | 1,473 | 1,996 785 6,759 1992. 5.10 0 0 16 21 15 23 7 82
1992. 8.28 0 0 265 0 0 554 361 1,180 1992. 8.28 0 0 6 0 0 7 5 18
1993. 4.10 0 0 528 | 1,332 | 2,519( 1,256 681 6,317 1993. 4.10 0 0 4 9 15 12 9 49
1993. 5. 3 0 0 778 573 197 453 0 2,002 1993. 5. 3 0 0 5 6 1 3 0 15
1993. 7.24 0 0 0 0 303 738 0 1,041 1993, 7.24 0 0 0 0 3 3 0 6
1994. 3.31 0 0 0 82 0 0 929 1,011 1994, 3.31 0 0 0 2 0 0 6 8
1994, 7.22 0 0 96 194 0 0 387 677 1994, 7.22 0 0 2 3 0 0 3 8
1994.12.19 0 0 0 164 837 50 354 1,405 1994.12.19 0 0 0 1 5 1 6 13
591 519 | 4,714 | 6,265| 8,914 | 14,648 | 11,449 4 7 52 59 82 154 105
B=35m M-1 M-2 M-3 M-4 M-5 M-6 M-7 | subtotal B=3-5m M-1 M-2 M-3 M-4 M-5 M-6 M-7 | subtotal
1991. 6.16 0 0 500 200 1,323 694 644 3,361 1991, 6.16 0 0 1 1 2 5 4 13
1991. 8. 8 [} 0 0 342 776 97 388 1,603 1991, 8. 8 0 0 0 1 3 2 1 7
1992. 2.19 0 0 0 0 799 464 0 1,263 1992, 2.19 0 0 0 0 4 4 0 8
1992. 3.11 0 0 0 0 1,402 693 0 2,095 1992. 3.11 0 0 0 0 6 3 0 9
1992. 5.10 0 0 0 0 0 348 157 505 1992. 5.10 0 0 0 0 0 2 3 5
1992. 8.28 0 0 0 0 0 189 | 1,637 1,826 1992. 8.28 0 0 0 0 0 1 14 15
1993. 4.10 0 0 [ 0 0 0 256 256 1993. 4.10 0 0 0 0 0 0 3 3
1993. 5. 3 0 0 173 20 0 0 126 318 1993. 5. 3 0 0 1 1 0 0 1 3
1993. 7.24 0 0 434 192 276 0 0 901 1993. 7.24 0 0 3 1 1 0 0 5
1994. 3.31 0 0 21 234 0 0 42 297 1994, 3.31 0 0 1 3 0 0 1 5
1994, 7.22 0 0 0 381 0 210 0 591 1994. 7.22 0 0 0 4 0 1 0 5
1994.12.19 0 0 0 325 0 319 194 838 1994.12.19 Q 0 Q 2 0 2 2 6
0 0| 1,127 | 1,694 4,575| 3,014 3,444 0 0 6 13 16 20 29
B>5m M-1 M-2 M-3 M-4 M-5 M-6 M-7 | subtotal B>5m M-1 M-2 M-3 M-4 M-5 M-6 M-7 | subtotal
1991. 6.16 0 0 0 279 259 0 232 770 1991. 6.16 0 0 0 1 2 0 1 4
1991. 8. 8 0 0 0 300 588 543 457 1,887 1991. 8. 8 0 0 0 1 1 1 2 5
1992. 2.19 0 0 0 0 307 418 0 724 1992. 2.19 0 0 0 0 1 1 0 2
1992. 3.11 0 0 0 0 295 0 0 295 1992. 3.11 0 0 0 0 1 0 0 1
1992. 5.10 0 0 0 195 756 207 320 1,477 1992. 5.10 0 0 0 1 2 2 1 6
1992. 8.28 0 0 0 0 0 62 969 1,031 1992. 8.28 0 0 0 0 0 2 5 7
1993. 4.10 0 0 0 0 0 0 46 46 1993. 4.10 0 0 0 0 0 0 1 1
1993. 5. 3 Q 0 0 0 0 0 962 962 1993. 5. 3 0 0 0 0 0 0 5 5
1993. 7.24 0 0 0 453 246 0 0 699 1993. 7.24 0 0 0 1 1 0 Q 2
1994. 3.31 0 0 80 994 | 1,088 | 1,125 619 3,906 1994. 3.31 0 0 1 4 2 3 3 13
1994, 7.22 0 0 0 912 | 1,099 883 412 3,306 1994. 7.22 0 0 0 2 2 2 3 9
1994.12.19 0 0 0 752 | 1,091 784 270 2,897 1994.12.19 0 0 0 3 2 3 3 11
0 0 80| 3,885 | 5,728 | 4,020| 4,286 0 0 1 13 14 14 24




Oshigatani A =1.492 ko

SR BIRE Y BF

1% Fo%

Gully Length Gully Numbers
B=1-3 m 0-1 0-2 0-3 0-4 0-5 0-6 0-7 subtotal B=1-3m 0-1 0-2 0-3 0-4 0-5 0-6 0-7 subtotal
1991. 6.16 0 0 0 0 0 0 0 0 1991. 6.16 0 0 0 0 0 0 0 0
1991. 8. 8 128 319 0 0 0 0 0 447 1991. 8. 8 1 1 0 0 0 0 0 2
1992. 2.19 0 0 1,049| 1,142 1,064 938 938 5,131 1992, 2.19 0 0 17 14 14 13 20 78
1992. 3.11 0 0| 1,576 | 2,036| 1,885 1,337 1,337 8,171 1992, 3.11 0 0 27 28 27 4 29 115
1992. 5.10 0 68| 2,672 2,940 446 277 277 6,681 1992, 5.10 0 3 35 50 7 5 19 119
1992, 8.28 0 594 855 1,481 603 55 55 3,642 1992. 8.28 0 8 18 20 8 1 0 55
1993. 4.10 0 0 0 31 929 400 400 1,760 1993. 4.10 4] 0 0 1 10 4 7 22
1993. 5. 3 152 269 2621 1,269 45 534 534 3,065 1993. 5. 3 3 5 6 22 1 9 3 49
1993. 7.24 0 0} 0 0 0 99 99 199 1993. 7.24 0 0 0 0 0 1 0 1
1994, 3.31 0 0 0 440 | 1,033 421 421 2,315 1994. 3.31 0 0 0 5 7 3 4 19
1994, 7.22 0 0 0 352 1,071 735 735 2,893 1994, 7.22 0 0 0 4 10 4 4 22
1994.12.19 0 0 0 929 818 246 246 2,239 1994.12.19 0 0 0 4 7 3 0 14
280 1,249| 6,415 10,621 | 7,893 5.043( 5,043 4 17 103 148 91 47 86
B=35m 0-1 0-2 0-3 0-4 0-5 0-6 0-7 subtotal B=35m 0-1 0-2 0-3 0-4 0-5 0-6 0-7 subtotal
1991. 6.16 0 0 0 0 0 0 0 0 1991, 6.16 0 0 0 0 0 0 0 0
1991. 8. 8 4] 0 0 0 0 0 165 165 1991. 8. 8 0 0 0 0 0 0 1 1
1992. 2.19 0 0 0 0 65 93 0 157 1992. 2.19 0 0 0 0 1 1 0 2
1992. 3.11 0 0 0 0 0 0 0 0 1992. 3.11 0 0 0 0 0 0 0 0
1992. 5.10 0 0 0 0 533 1,216 0 1,750 1992. 5.10 0 0 0 0 2 2 0 4
1992. 8.28 119 846 901 1,068 | 1,111 161 1,506 5,711 1992. 8.28 1 8 11 14 13 3 16 66
1993. 4.10 0 0 0 0 528 33 426 987 1993. 4.10 0 0 0 0 3 1 2 6
1993. 5. 3 505 295 867 | 2,493 | 1,427 354 873 6,814 1993. 5. 3 8 4 8 23 16 3 10 72
1993. 7.24 0 0 169 227 479 414 404 1,693 1993, 7.24 0 0 2 2 2 9 3 18
1994. 3.31 0 0 0 122 191 94 31 438 1994. 3.31 0 0 0 2 4 2 1 9
1994, 7.22 0 0 0 0 299 560 200 1,059 1994. 7.22 0 0 0 0 3 4 3 10
1994.12.19 0 0 0 0 284 795 1,088 2,167 1994.12.19 Q Q0 ] 0 4 3 6 13
625 1,141 1,936 | 3,910 4,917 ] 3,720 4,694 9 12 21 41 48 28 42
B>5m 0-1 0-2 0-3 0-4 0-5 0-6 0-7 subtotal B>5m 0-1 0-2 0-3 0-4 0-5 0-6 0-7 subtotal
1991. 6.16 0 0 0 0 0 0 0 0 1991. 6.16 0 0 0 0 0 0 0 0
1991. 8. 8 0 0 0 0 194 233 976 1,403 1991. 8. 8 0 0 0 0 1 2 2 5
1992. 2.19 0 0 0 0 0 0 0 0 1992. 2.19 0 0 0 0 0 0 0 0
1992. 3.11 0 0 0 0 0 836 1,323 2,159 1992, 3.11 0 0 0 0 0 3 7 10
1992. 5.10 0 0 63 431 0 0] 1,385 1,879 1992. 5.10 0 0 1 3 0 0 3 7
1992. 8.28 0 239 621 1,478 1,007 ] 1,542 | 1,243 6,130 1992. 8.28 0 1 5 6 8 9 9 38
1993. 4.10 0 0 0 0 121 1,275 1,361 2,757 1993. 4.10 0 0 0 0 1 3 4 8
1993. 5. 3 89 192 950 | 1,495| 1,577 1,353 1,346 7,001 1993. 5. 3 2 2 9 7 8 10 3 41
1993, 7.24 0 0 178 174 0 286 | 1,246 1,884 1993. 7.24 0 0 1 3 0 4 6 14
1994. 3.31 0 0 0 0 912 1,082 1,661 3,655 1994, 3.31 0 0 0 0 3 4 5 12
1994, 7.22 0 0 0 83 867 1,155 1,188 3,293 1994. 7.22 0 0 0 1 3 3 3 10
1994.12.19 0 0 0 0 226 603 298 1,127 1994.12.19 0 0 0 0 2 1 5 8
39 431 1,812 3,660 4,904 | 8,364 12,027 2 3 16 20 26 39 47
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Figure 3.8 Changes of gullies; total length, density length, numbers and density in Oshigatani
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£-3.2 EMEBNEEN Table 3.2 Sediment balance data in Mizunashi river, Unzen
Akamatsu 92/8/28-93/4/10 93/4/10-93/5/3 93/5/3-93/1/24 93/7/24-94/3/31 94/3/31-94/7/22 94/7/22-94/12/19 total
+ - balance + - balance + - balance + - balance + - balance + - balance + - balance
Al 1.8 -26.7 -24.9 63.1 -6.7 56.4 27.6 -46.3 -18.7 48.4| -131.8 -83.4 7.5 -20.9 -13.4 26.4 -1.9 24.5 174.8| -234.3 -59.5
A2 4.1 -23.6 -19.5 43.1 -8.0 35.1 18.1 -59.1 -41.0 112.2 -2.1 110.1 2.6 -31.0 -28.4 30.4 -2.5 27.9 210.5| -126.3 84.2
A3 74.5 -13.9 60.6 22.1 -20.7 -7.6 35.8] -166.4| -130.6 253.6 -12.4 241.2 7.6 -65.4 -57.8 48.4 -11.6 36.8] 442.0| -299.4 142.6
A 201.6 -21.3 174.3 66.5 -40.8 25.7 12.9] -285.5[ -272.6 321.7 -1.9 319.8 9.7 -69.1 -59.4 49.8 -12.2 37.6 662.2| -436.8 225.4
AS 146.7 -40.6 106.1 67.2 -5.3 61.9 6.0 -128.1] -122.1 147.7 -1.3 146.4 10.7 -35.9 -25.2 35.3 -6.0 29.3 413.6 | -217.2 196.4
A6 67.2 -12.9 54.3 23.3 -1.3 22.0 2.3 -30.7 -28.4 55.1 -0.2 54.9 4.8 -9.7 -4.9 10.2 -4.1 6.1 162.9 -58.9 104.0
A7 89.6 -61.1 28.5 129.8 -35.8 9.0 28.0] -159.8! -131.8 194.2 -17.2 477.0 28.3 -91.1 -62.8 83.6 -28.5 55.1 853.5| -393.5 460.0
A8 25.4 -12.8 12.6 8.3 -8.0 20.3 2.2 -48.1 -45.9 131.3 -3.2 128.1 1.8 -30.8 -29.0 31.2 -2.8 28.4 220.2( -105.7 114.5
A9 236.5 -46.4 190.1 63.3] -100.6 -37.3 50.4| -245.6] -195.2 618.9 -30.7 589.2 8.2| -167.0] -158.8 232.0 -11.2 220.8] 1,210.3| -601.5 608.8
AlD 847.8 -11.5 836.3 51.9| -174.6% -122.7 51.3] -519.6] -468.3 865.6 -59.3 806.3 95.6| -173.8 -78.2 379.3 -35.1 344.2| 2,291.5( -973.9] 1,317.6
All 301.0 -4.8 296.2 3.2 -90.5 -87.3 48.4] -204.3| -155.9 65.1 -23.3 41.8 47.1 -52.8 -5.7 265.7 -15.4 250.3 730.5] -391.1 339.4
Al2 336.0 -12.6 323.4 2.5] -107.9] -105.4 26.3{ -221.5| -195.2 88.8 -24.6 64.2 64.9 -46.4 18.5 137.1 -9.7 127.4 655.6 | -422.7 232.9
Al3 505.8 -8.0 497.8 3.9| -124.2] -120.3 24.91 -188.1] -163.2 63.3 -56.5 6.8 63.5 -49.4 1.1 150.4 -10.2 140.2 811.8| -436.4 375.4
Al4 2,241.4 6.2] 2,235.2 11| -146.2| -135.1 72.7] -220.0| -147.3 289.8 -72.2 217.6 186.8 -78.5 108.3 462.0 -22.6 439.41 3,263.8] -545.7| 2,718.1
AlS 753.1 -16.0 731.1 0.0 0.0 0.0 146.8 | -214.6 -67.8 31.81 -864.5| -832.7 62.3] -254.9| -192.6 340.1 -97.1 243.0) 1,334.11-1,447.1{ -113.0
Al6 536.9 -5.9 531.0 8.9 -91.9 -83.0 4.8 -99.8 -55.0 260.4 -17.3 243.1 192.1 -21.7 164.4 76.0 -20.3 55.7] 1,119.1| -262.9 856.2
Al7 869.6 | -166.8 702.8 63.6 -114.3 -50.7 175.0 | -154.2 20.8 646.8 1 -136.8 510.0 M4 -234.3] -199.9 441.0 -27.9 413.1] 2,230.4| -834.3] 1,3%.1
Al8 1,780.2 -48.0} 1,731.2 0.3] -182.0] -181.7 429.5| -578.1| -148.6 246.3| -133.5 112.8 57.5| -118.1 -60.6 629.4 -50.3 579.1( 3,143.2|-1,111.0] 2,032.2
total 9,019.2| -546.1] 8,473.1 652.1]-1,267.8| -615.7| 1,203.0]-3,569.8 | -2,366.8 | 4,742.0]-1,588.8| 3,153.2 885.4 [ -1,556.8 | -671.4| 3,428.3| -369.4| 3,058.9(19,930.0|-8,808.711,031.3
Akamatsu-L H4.8-H5.4+ H5.4-H5.5+ H5.5-H5.7+ 93/7/24-94/3/31 94/3/31-94/7/22 94/7/22-94/12/19 total
+ - batance + - balance + - balance + - balance + - balance + - balance + - balance
ALL 178.1 -1.4 176.7 24.8 -3.5 21.3 0.2 -49.5 -49.3 57.7 -0.5 57.2 3.9 -17.2 -13.3 7.9 -12.4 -4.5 2712.6 -84.5 188.1
AL2 8.9 -3.8 35.1 19.9 -6.1 13.8 0.2 -37.3 -37.1 30.9 -1.7 29.2 3.8 -13.2 -9.4 6.5 9.3 -2.8 100.2 -71.4 28.8
AL3 67.6 -1.4 66.2 7.4 -10.5 -3.1 3.4 -16.4 -13.0 22.3 -2.2 20.1 1.4 -20.0 -18.6 9.7 -5.0 4.7 111.8 -55.5 56.3
AL4 73.7 0.8 72.9 5.7 -24.3 -18.6 13.1 -22.9 -9.8 24.7 -5.2 18.5 0.4 -25.4 -25.0 13.6 -2.5 11.1 131.2 -81.1 50.1
ALS 61.9 0.8 61.1 6.3 -12.5 -6.2 2.6 -32.4 -29.8 20.6 -6.2 144 1.4 -17.8 -16.4 3.7 -10.0 -6.3 %.5 -79.7 16.8
ALS 32.0 -2.0 30.0 4.8 -11.0 -6.2 5.6 -15.3 -9.7 11.8 5.0 6.8 1.2 -13.9 -12.7 5.7 -5.8 -0.1 61.1 -53.0 8.1
total 452.2 -10.2 42.0 68.9 -67.9 1.0 25.1| -173.8] -148.7 168.0 -20.8 147.2 12.1] -107.5 -95.4 47.1 -45.0 2.1 773.4| -425.2 348.2
U. Mizunaghi H4.8-H5.4+ H5.4-H5.5+ H5.5-H5.7+ 93/7/24-94/3/31 94/3/31-94/7/22 94/7/22-94/12/19 total
+ - balance + - balance + - balance + - balance + - balance + - balance + - balance
Ml 6.3 -88.4 -82.1 72.6 -32.1 40.5 121.7 -43.5 8.2 128.8 -4.7 124.1 4.1 -42.3 -38.2 47.0 -4.1 42.9 386.5] -215.1 171.4
M2 59.3 -21.8 31.5 53.0 -40.3 12.7 223.1 -28.9 194.2 155.6 -1.5 154.1 5.9 -40.8 -34.9 43.1 -6.0 3.1 540.0 -139.3 400.7
M3 510.4 -10.3 500.1 121.7 -50.0 7.7 958.6 | -290.4 668.2 360.7 -3.8 356.9 5.8 -80.1 -74.3 56.0 -13.8 42.2] 2,013.2| -448.4] 1,564.8
M4 111.7 -1.0 110.7 30.5 -4.4 26.1 223.2 -3.7 219.5 57.0 -3.0 5.0 1.2 -12.2 -11.0 5.7 -4.5 1.2 429.3 -28.8 400.5
M5 1,507.6 -2.0 1 1,505.6 491.6 -4.8 486.8 1 2,048.0 -0.2| 2,047.8 375.8 -2.4 373.4 7.7 -83.5 -75.8 68.9 -16.3 52.6 | 4,499.6 | -109.2| 4,39%0.4
M6 711.4 0.0 711.4 2713.9 0.0 273.9 264.6 0.0 264.6 108.5 0.0 108.5 2.2 -28.1 -25.9 43.6 -0.6 43.01 1,404.2 -28.7| 1,375.5
M7 1,388.3 0.0 1,388.3 291.6 -0.2 291.4 428.7 -1.1 427.6 82.0 -4.6 774 10.2 -17.1 -6.9 4.4 -3.5 40.9] 2,245.2 -26.5| 2,218.7
M8 549.1 0.0 549.1 114.4 0.0 114.4 129.0 =24 126.6 16.8 -9.5 7.3 5.6 6.6 -1.0 17.0 -1.0 16.0| 8319 -19.5 812.4
M9 547.0 0.0 547.0 104.6 0.0 104.6 109.8 -12.6 97.2 22.1 -6.8 15.3 5.1 -3.2 1.9 7.4 -0.5 16.9 806.0 -23.1 782.9
M10 578.7 0.0 578.7 130.5 0.0 130.5 105.4 -3.9 101.5 26.4 -6.8 19.6 40 5.7 -1.7 21.4 -0.3 2.1 866.4 -16.7 849.7
Ml11 2,738.7 -5.2] 2,733.5] 1,290.9 ~0.4{ 1,2%0.5| 1,079.3 -0.1| 1,079.2] 2,213.5 -14.11 2,199.4 1.2| -120.5 -119.3 243.4 -0.2 243.2| 7,567.0| -140.5] 7,426.5
MI12 2,786.2 | -887.4) 1,898.8| 1,097.2|-1,498.2| -401.0| 1,256.6 | -2,687.7 | -1,431.115,742.1 -69.7 | 15,672.4 65.6| -586.7| -521.1| 1,695.6 -21.71 1,673.9|22,643.3 ] -5,751.4 [ 16,891.9
total | 11,494.7 | -1,016.1 | 10,478.6 | 4,072.5-1,630.4| 2,442.1| 6,954.0 | -3,074.5 | 3,879.519,289.3 | -126.9[19,162.4 118.61-1,026.8| -%08.2} 2,303.5 =72.51 2,231.0 | 44,232.6 | -6,947.2 | 37,285.4
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Oshigatani H4.8-H5.4+ H5.4-H5.5+ H5.5-H5.7+ 93/7/24-94/3/31 94/3/31-94/7/22 94/7/22-94/12/19 total

+ - balance + - halance + - balance + - balance + - balance + - balance + - balance
0l 313.1 -12.9 300.2 204.5 -32.0 172.5 406.5] -290.4 116.1 507.0 -5.2 501.8 8.1 -95.0 -86.9 4.5 -11.6 62.9| 1,513.7| -447.1| 1,066.6
02 95.7 -9.2 86.5 117.9 -28.8 89.1 107.2] -109.8 -2.6 187.1 -1.6 179.5 1.4 -54.6 -53.2 5.0 -2.2 52.8 564.3| -212.2 352.1
03 22.0 -27.6 -5.6 60.5 -14.0 46.5 180.8 -34.0 146.8 85.4 -25.2 60.2 40.3 -26.1 14.2 75.4 2.0 73.4 464.4| -128.9 335.5
04 29.4 -20.6 8.8 112.3 -3.2 109.1 241.7 -22.1 219.6 41.7 -19.6 22.1 38.9 -1.5 31.4 1.5 -0.2 1.3 465.5 -73.2 392.3
05 564.0 -19.1 544.9 756.8 -9.5 747,31 1,284.3 -20.2] 1,264.1 209.3 -27.6 181.7 64.8 -11.6 53.2 4.2 -25.7 8.5] 2,913.4| -113.7] 2,799.7
0f 561.6 -19.5 542.1 299.8 -9.1 290.7 920.1 -4.4 918.7 290.3 -18.5 271.8 43.6 -8.5 3.1 1.5 -41.9 -30.40 2,126.9) -101.9] 2,025.0
7 815.1 -12.4 802.7 423.5 -8.3 415.2 | 2,159.1 -2.5( 2,156.6 695.1 -24.8 670.3 32.5 -31.7 -5.2 13.7 -90.2 -76.5| 4,139.0( ~-175.9| 3,963.1
08 3,664.6 | -6%6.6| 2,968.0| 1,815.8] -927.0 888.8 [10,291.2 | -733.4| 9,557.8]12,334.0 [-1,071.8 | 11,262.2 322.3| -935.9| -613.6 879.3 | -463.0 416.3 1 29,307.2 | -4,827.7 | 24,479.5
total 6,065.5| -817.9| 5,247.6| 3,791,1{-1,031.9| 2,759.2|15,590.9 | -1,216.8 | 14,374.1 { 14,349.9 | -1,200.3 | 13,149.6 551.9-1,176.9 | -625.0) 1,145.1] -636.8 508.3 | 41,494.4 | -6,080.6 | 35,413.8

L Mizunashi H4.8-H5.4+ H5.4-H5.5+ H5.5-H5.7+ 93/7/24-94/3/31 94/3/31-94/7/22 94/7/22-94/12/19 total

+ - balance + - balance + - balance + - balance + - balance + - balance + - balance
1 50.0| -331.2] -28L.2 825.5| -161.3 664.2| 2,041.4] -181.5] 1,869.9| 1,355.6] -545.4 810.2 286.4 | -1,962.8 | -1,676.4 954.7| -353.8 600.9| 5,513.6]-3,53.0] 1,977.6
2 0.6 -17.7 -17.1 4.6 1.7 -3.1 19.8 -4.7 15.1 6.0 -30.0 -24.0 1.1 -13.3 -2.2 6.9 -4.1 2.8 49.0 -77.5 -28.5
3 1.1 -30.3 -29.2 5.6 -11.3 -5.7 33.8 -1.8 32.0 6.0 -25.2 -19.2 10.2 -26.1 -15.9 74 -4.7 2.7 64.1 -99.4 -35.3
4 1.2 -85.2 -84.0 45.0 -2.3 42.7 49.0 -1.0 48.0 15.1 -28.8 -13.7 8.5 -29.1 -20.6 6.8 -16.3 -9.5 125.6 | -162.7 -37.1
5 0.0 -93.6 -93.6 40.4 -1.1 39.3 50.3 -0.6 49.7 3.1 -42.0 -38.9 10.7 -5.9 4.8 3.0 -31.8 -28.8 107.5| -175.0 -67.5
6 0.31 -101.5) -101.2 29.0 5.3 23.7 83.1 2.4 80.7 6.4 -50.2 -43.8 19.7 -10.0 9.7 3.8 -30.4 -26.6 142.3| -199.8 -57.5
7 0.5 -20.3 -19.8 5.7 -1.0 -1.3 24.0 -16.0 8.0 14.0 -4.7 9.3 4.4 -12.6 -8.2 3.0 -5.0 3.0 56.6 -65.6 -9.0
8 0.1 -19.0 -18.9 4.9 -6.2 -1.3 19.6 -13.7 5.9 15.0 -3.7 11.3 4.2 -12.1 -7.9 6.5 -3.1 3.4 50.3 -57.8 -1.5
9 0.2 -26.8 -26.6 6.8 -1.2 -0.4 4.8 -11.5 13.3 14.4 -14 7.0 5.7 -11.4 -5.7 3.7 -4.4 -0.7 55.6 -68.7 -13.1
10 3.0 -114,9| -11.9 53.6 -57.6 -4.0 164.3 -18.6 145.7 59.0 -57.0 2.0 2.7 -44.8 -18.1 12.8 -30.0 -17.2 319.4] -322.9 -3.5
total 57.0 -840.5[ -783.5! 1,021.1] -267.0 754.1] 2,510.1| -251.8| 2.258.3| 1,494.6| -794.4 700.2 387.6 | -2,128.1(-1,740.5] 1,013.6| -483.6 530.0 | 6,484.0|-4,765.4| 1,718.6
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Figure 3.12 Sediment balance and variations; Aug., 1992~ Apr., 1993




EXRIZBT 5 EHHBFACET 2R (TES)

Akamatsu

L Mizunashi
1,000
800
600
400
200 .
0 L\ L
-200 U. Mizunashi
-400 2000
1 2 3 4 5 6 7 8 9 10 1000
| 0
-1000
~2.000
T eues- e -
=E=2=2=2=23z Oshigatani
2,000
1,000
[}
-1000
-2,000
588388568
E—3.13 HMTroXMERE L +RIE2) 1993.4~1993.5
Figure 3.13 Sediment balance and variations; Apr., 1993~ May 1993
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Figure 3.15 Sediment balance and variations; Jun., 1993~ Mar., 1994
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Figure 3.17 Sediment balance and variations; Jun., 1994~ Dec., 1994
®—3.3 HTHRI L OREEY (TR X105 B L)
Table 3.3 Variation of erosion in each sub-basin (sediment volume in 10%ns)
n m KN KNI TFH FRFN FRBEX LIS
L L TRRCREN | 2XM L E L CRAERY | @XM CHifk - @RI 4 | 2KMHERTL (T | B Lt TF L Wik,
1992.8 |Roh5, HHKELL.S, |£Hv, HME0.06, BR| LTV AHILEICHR, |RTOMRIEL, 3| HMEs. 1, BAE—0.8,
~93.4 |BAR-1.0CEMRII|K—0.8 EMH&—0.8 |HHERI.0,BAE—0.5 KE0.5 BAK—0.0], | EWHE+5.3
+10.5 ZEE+8.5 EE)R+0.4
W AR TEEORR) | HEREAMICE T 258 | LIRTRA, TR THER | LRIICTRE, TRCH | ERNIETH & 208,
1993.4 EVDSVISRROE| DM/ E Vv, HRE|FERT 25EHEIT/ (K, HRE.7, RAR| LHEFOBRRIED, #
3.5 |- REROBRAUEL, 1.0, REE—0.3, KB &\, HRE0.7, RA| —0.7TIIZNT AL K38, BAE-1.0,
R4 BAR—1.6, | K+0.7 &—1.3, ZBHE-0.6 | T2, ZEE+2.8
TEiR+2.4
EHROBAERIIKE V| FH L ARCHERERZ | @XM TREENZEY, |2XKMTRA, B ERBCTELVHERT
1993.5 | % THRBTRAIED |25, FHAKE L2, |EHBIKEC LD, H|HER0.02, BEAR— | 2FCEBIEIKEV,
—o3.7 |BAKLED L, HME | HRE2.5, REK—0.2, | RiEL.2 BRE-3.6, |0.17, THE—0.15 HEHEIS.G, BRAE -
“U7.0, BEE-3.1, T8 | LEHE+2.3 EEE—2.4 1.2, FEH®+14.4
®id+3.9
ERBICKEOLHHE BRTHICE L VERIE | | KA % B EHRCEST | @XM CHERICEY 5, |BTH & Ao @m s
1993.7 (%8, HRE]19.3, BARK| U5, SXMCHERK- |2, HRE4L.7, BAR[HEXKE0.17, RAE—|{, HNE4.3, BERE
~94.3|—0.1, EHE+19.2 |[RE, HKK1.5 RE|—1.6, EHE+3.2 0.02, ZE)E+0.15 -1.2, EEE+13.1
®—0.8, ZEIE+0.7
A THOTRAEEN | 2 TREICET 5, # | LEXBTHREROE | BURAKER, THBIC| LESTCELVWRE, F
1994.3  |[6RT° 5%, HWEO0.1, B HE0.4, BRE-2.1, |BIELV, THRIZRK | ETOHK HEKE0.0L, | THTERBEI/ME WV,
~94.7 | E&—1.0, TR —0.9 EHE—1.7 fEm, HKE0.9, RA|BEE-0.11, ThE— |HKE0.6, BAE—1.2,
®—1.6, ZEE—-0.7 |0.1 EEHE—0.6
BUHERGER, ERE BUEKER, THRISK|2EICERENICL 2, | LTRTRA, THTHE| LRBOERBESEL
1994.7-9 [2.3, BAR-0.1, B &, HHKRL.0, BE|MKE3.4 BEE0.4, |HMIEVLETNATI VR, |V, THEBIBIZES
4.12 ®Eit+2.2 ®—0.5, TBHIE+0.5 |EHE+3.1 HWAREO0.05, BREE—|\, HKEL]l, BEE
0.05, FByiE +0 —0.6, FEYE+0.5
R R44.2, HERAER10.1, HRRE19.9, HERRER0.77 W E4L.5,
2R |[FREE-6.9, REBE—6.1, REHEE-8.9, REMRE—0.43, RERE—6.1,
LR +37.1 ZE#EE+3.9 g +11.0 ZE#RE+0.34 ZER#E+35.4
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Table 4.1 Debris flows occurred in Mizunashi River (after Unzen Restoration Office, MLIT)
No. Date days R’i‘o(t;;) rmal:o(umﬁzhr) S\fg"(n,f,gt accumilation sﬂzz:x
1 1991/ 5/15 0 105.5 25.0 70,000 70,000
2 1991/ 5/19 4 78.0 10.5 30, 000 100,000
3 1991/ 5/26 1 71.0 20.5 47,000 147,000
4 1991/ 6/30 46 230.0 72.5 534,800 681,800 681,800
5 1992/ 3/ 1 291 69.5 32.0 35,000 716,800
6 1992/ 3/15 305 103.0 26.5 70,000 786,800
7 1992/ 4/22 343 54.5 10.5 15,000 801,800
8 1992/ 5/ 8 359 77.0 10.5 17,000 818,800
9 1992/ 5/15 366 28.5 10.0 5,000 823,800
10 1992/ 6/ 7 389 60.0 17.0 34,000 857,800
11 1992/ 6/23 405 108.5 18.0 72,000 929,800
12 1992/ 7/13 425 108.0 14.0 29,000 958,800
13 1992/ 8/ 8 451 142.0 54.5 308,400 1,267,200
14 1992/ 8/12 455 85.0 40.0 158, 600 1,425,800
15 1992/ 8/15 458 13.5 7.0 66,000 1,491,800
16 1992/ 9/25 499 57.5 20.0 37,000 1,528,800
17 1992/ 9/29 503 67.0 16.0 20,000 1,548,800 867,000
18 1993/ 3/15 670 58.5 16.5 95,000 1,643,800
19 1993/ 4/28 714 329.0 43.0 950,000 2,593,800
20 1993/ 6/13 760 297.0 36.5 550, 000 3,143,800
21 1993/ 6/18 765 339.0 46.5 965, 000 4,108,800
22 1993/ 6/23 770 211.5 35.0 810, 000 4,918,800
23 1993/ 7/ 4 781 239.0 29.0 266,000 5,184,800
24 1993/ 7/17 794 171.0 42.5 310,000 5,494,800 3,946,000
25 1994/ 4/12 1,063 97.5 22.5 145,000 5,639,800
26 1994/12/ 9 1,304 85.5 16.5 88,000 5,727,800 233,000
27 1995/ 4/23 1,439 39.0 9.5 50,000 5,777,800
28 1995/ 5/ 1 1,447 105.0 22.5 36,000 5,813,800
29 1995/ 6/ 3 1,480 138.0 19.5 50,000 5,863,800
30 1995/ 6/25 1,502 105.0 10.5 2,000 5,865,800
31 1995/ 6/30 1,507 113.0 18.5 45,000 5,910,800
32 1995/ 7/11 1,518 38.0 15.0 6,000 5,916,800
33 1995/ 8/31 1,569 115.0 13.5 36,000 5,952,800
34 1995/ 9/23 1,592 112.5 19.0 14,000 5,966,800 239,000
35 1996/ 6/12 1,855 92.0 22.5 13,000 5,979,800
36 1996/ 6/17 1,860 202.0 20.0 255,000 6,234,800
37 1996/ 7/ 3 1,876 124.5 42.0 202,000 6,436,800
38 1996/ 7/ 5 1,878 91.5 47.0 137,000 6,573,800
39 1996/ 7/19 1,892 237.5 34.5 37,000 6,610,800
40 1996/ 8/14 1,918 204.0 66.0 31,000 6,641,800 675,000
41 1997/ 7/ 9 2,247 308.0 38.0 62,000 6,703,800
42 1997/ 8/ 6 2,275 240.0 72.5 206,000 6,909,800
43 1997/ 9/ 7 2,307 287.5 4.0 40,000 6,949,800 308, 000
44 1999/ 9/11 3,041 185.0 29.0 100, 000 7,049,800 100, 000




42 EERFREHRFERE BoLE $£15

8.0E+06

T OB+06 po o e o o e o

G sediment

accumulation

6.0E+06

5.0E+06

4.0E+06

3.0E+06

Accumulation sediment volume (m?)

2.0E+06

1.0E+06

0.0E+00

1991/5/15
1991/5/19
1991/5/26
1991/6/30

1992/3/1
1992/3/15
1992/4/22

1992/5/8
1992/5/15

1992/6/7
1992/6/23
1992/7/13

1992/8/8
1992/8/12
1992/8/15
1992/9/25
1992/9/29
1993/3/15
1993/4/28
1993/6/13
1993/6/18
1993/6/23

1993/7/4
1993/7/17
1994/4/12
1994/12/9
1995/4/23

1995/5/1

1995/6/3
1995/6/25
1995/6/30
1995/7/11
1995/8/31
1995/9/23
1996/6/12
1996/6/17

1996/7/3

1996/7/5
1996/7/18
1996/8/14

1997/7/9

1997/8/6

1987/9/7
1999/9/11

E—4.1 KENTREL 2LTAFORINTRSE R

Figure 4.1

5o £77, KBEROWTHEHKENFETH o722
LB E—FET 5,

4.2 4EAWERHIBDORTMITRHME
4.2.1 IRWEEREELTZMIE

TR -HHRARIIEEIHRBEFELR
zL, Moy - HasE M EBTRL,
fE% LREFERE R, ; erosion rate (10°ni/day) &
LTHEY, H-43FHHOLEHE2RT. YR
Lo, H)-HEAEE (H-4.2) OE8E &
—HT 5D, BRENBY) —HEFRE2 L0,
RAEDFERT L OEIHENRANS, T4bb, §
H19914E 5 HA 519934 4 B £ T3, BRICL 218
H BB IZ10X 10%m /day BAFCTH 5, 199248 3 B11
HTRBLYBORPKENLFKOR ZLA-TH
0, ) -FEREEOHEEFET L, ThiZZOHH
R INA T —HEERBLTEY, BLESIC
BOWTKELT)—-PRELZLE—FHTE, 2O
ZERS, H) -EREEIBEOELRESFETE,
EEIWEICEEEDITAZ L3l {, B
DREETEMERTIEL LTS 2 L8R4 TH
53,

Accumulated sediment discharge volume of debris flows in Mizunashi River

TRPEEEE R, E XM T I T 5 20,
TR CR LA EE BAL P4 BB R, ;5 unit
erosion rate (103ma/kmz/day) EEYT, F-43128%
ROBARI AT LR A R 2R T,

AREN LEICBWTRBRHR2E L Ci3iz—8
TEHMEIZ R, =0.95X10°n /kt/day Td o 720
BENNCBTIZ19934F 4 ~ 7 HOHIM C R, =15.5
X 10%nf /lf/day & B L, Z0HKIZIZUATOE
BIZR-oTVwS, BLIBOFEBETH B4, LEToE
BECEELAONFREN LD 1 EHE L, 199345
BUBETH 5, MRFHOBM TR ERE I, FiR
BB LrgogifticEsh, 19934 4 ALK
CEELL, BRLTUEIOREL OV ICEB L,
FBENEBLEFIIBNT, 199384805 7 Hic
P CHEMNIBEERESRRILLAC &L, BHs D
CCOHMICERMICRBE L -KROEELZ Ty
B, KB LR CRBEICEN I BEEREOS LS
PRONEPo/2Z L, BRBOWKICEEILE
WER BIZIRBOBRERFEEL TR K
KOBEDPRNEho7) T WZ ERRET S
¥, ThEEMATLERHLEV,

ERIBDELERBREOBBRYASL E, HENO



BRI BT 5 BB FRICEY 285 (%S

43

oo™ £—4.2 HHT LN —HERED O A BAFNE
900 (Rkamatew) Table 4.2 Erosion events on the gully-forming rate in
800 each term
- I = AR L BLIB
y R — TR
o 910515 Igg‘i;o?;é;",u _ | RAOL A |
von ~910616 | o s SfTLH) —F TR e
o § | mspEr-2,
. —ELR 7§ 1ts K | REBRA ) — T
g : 910808 | By v mmcwE, | pEuE,
T ; e | RO B R
(1) FRB)  Akamatsudani river ~920219 %Liﬁ(, 105 f:;bg RSORT | 4y kospis g
° ° ko
oimyday) IR ) — R /NRHE R390, K
(wizunashi) R oo | ABET V= | e Rasor gt | ARICOR £ <8
400 1 —o—3-3-5 n - Ry DAL L, | PRBR 100, | por
0L %%, B [B2OY—7, Cen
300 ¢ ——  KBEEF -0 2
Ry b4 1285 < | AN, MY ;igigé”‘j\f
200 1 ~920510 | %2 %, bicstfb. KM B R
R, BB R 2173
100 i [
BT U— R,
0 —oz0azg | 7B KEMA | 241 RO+ — | £HIZ0-502 1
Y= Ry R4 IS | ¥—ICETTRM, |Z-BDOR,,
(2) ZK#JIl Mizunashi river 0,
(m/day) NELE R, 33N
500 _ b A TN, W KB | £ RI0E F
(oehigutand) 930410 | SHRIRABUL. | 15h0i¢ 2 | otk
00 | B
I R, BEE | &4 R, BAAL -
300 | fto %10 R | 2o, oo, | ERICEIEL B
~930503 | 900, K600 | K402, 1 R‘ 00 & 4 9 ] o
200 3RIPRAE TR | R R, £ D Bk ﬁf;
FTHRADE—=2, | hAEW, °
100 R W BN, B | @FIC R 3~ | @51 R K
~930724 | Wil MRKELL [ A3 TaELHM | BT CRELH
[} o HOKEICES, |1k, 1to
8% 2343 83 7 85 a2 83 —940331 | ZH51C 1E R30~
L T T A S 50THEE. KK
~S40722 | gyt | KR,
- - - - - - - - - - - 2 l @%iﬁ‘?‘%bf, o
(3) 3"5 Lﬁf’ﬁ' Oshigatani ~941219 | /-8R %, KELTEL, %Z?—g&ﬁ?—‘
B—4.2 7)) -HEEEOER
Figure 4.2 Variation of gully forming rate of each sub-basin
x10°m’/day
—#r— Oshigatani| / \
" | \ f o
, ) g ~ . oo
(1) KEH each stream (2) FIN accumulation
BH—4.3 TREEHEEOLE

Figure 4.3 Variation of erosion rate



4 B A B AR SR

1% H15

+—4.3 BRI B TRbA R

Table 4.3 Unit erosion rate in every term of measurement

Unit erosion rate (10°ni/kid/day)

term date days Akamatsu Mizunashi Oshigatani total
2.392knf 1.386knf 1.492kef 5.270kd
1 1991/ 5/15 0 0.00 0.00 0.00 0.00
2 1991/ 6/16 32 0.17 2.80 0.00 0.81
3 1991/ 8/ 8 53 0.81 1.55 0.69 0.97
4 1992/ 2/19 195 0.08 0.25 0.08 0.12
5 1992/ 3/11 21 1.00 2.33 3.52 2.06
6 1992/ 5/10 60 1.18 1.06 1.37 1.20
7 1992/ 8/28 110 1.55 0.47 1.99 1.39
8 1993/ 4/10 225 0.48 0.10 0.36 0.35
9 1993/ 5/ 3 23 15.53 1.50 10.88 10.52
10 1993/ 7/24 82 7.31 0.38 0.78 3.64
11 1994/ 3731 250 0.83 0.43 0.40 0.60
12 1994/ 7/22 113 1.77 0.84 0.87 1.27
13 1994/12/19 150 1.26 0.59 0.38 0.83
average 2.46 0.95 1.64
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Figure 4.4 Relationship between maximum continuous
precipitation and erosion volume
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Table 4.4 Correlation precipitation and erosion volume

SRR y=ax y=amx+b
ar 2 az b 2
B B 0.6127 0.1929 0.4072 262 0.3067
FHHE m 24.763 0.5109 21.678 101 0.5255
B 2485 N B o 4,723 0.4479 4.6516 11.469 0.4480
BAESETE " m 3.958 0.7110 3.9943 -7.6342 0.7111
BA 1 B Rm/hr 16,625 0.1197 11,895 194.56 0.1464
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Table 5.1 Sediment discharge volume from mud-debris flows after 1977 eruption of Usu volcano (after Muroran Work Office, Hokkaido 1995)
sediment discharge (m’)
. . Tohya {Nishiya Showa . Donan- | Ohdaira Soubet: actualdata i esti?x?:iion o
year | date | Izumi | Irie-1 |Tokotan Spal) | ma Ko-Usu [Kousu-R! Katorea Shinzan Showa | Negishi | Itaya seika 1 Oh-Usu Spa Genta sub total accumilation sedlime nt accumilation
volume
19771 8/8 o * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 7,000 7,000
8/16| * |21,810] 870 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22,680 22,680 22,680 29,680
911 * 7,530 | 1,410 * 0 0 0 0 0 0 0 0 0 0 0 0 0 8,940 31,620 8,940 38,620
9/14| * 126,100] 2,19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28,290 59,910 28,290 66,910
9/21| * ]13,050| 1,500 0 0 0 0 ol * 0 0 0 0 0 0 0 0 14,550 74,460 14,550 81,460
1978 6/12] * * 0 0 0 0 0| * * ol * * 0 0 0 0 0 * 74,460 8,000 89,460
71 0 0 0 0 0 0 0| * * 0] * 0 0 0 0 0 0 * 74,460 7,000 96,460
7/13 0 0 0 0 0 0 0 0 0 0 0 * 0 0 0 0 0 * 74,460 6,000 102,460
8/14 0 * 0 0 0 0 0| * * 0| * 0 0 0 0 0 0 * 74,460 8,000 110,460
8/16 0 0 0 0 0 0 0| * * 0| * 0 0 0 0 0 0 * 74,460 7,000 117,460
8/21 0 0 0 0 0 0 0| * * 0| * 0 0 0 0 0 0 * 74,460 5,000 122,460
9/26 0 0 0 ol * 0 0 0 0 0 0 0 0 0 0 0 0 * 74,460 6,000 128,460
10/16 0 0 0| 48,90 * * * * * 0| 0 * * 0 0 0 0 48,900 123,360 48,900 177,360
10724 * 0 0142,300] * * * 116,200[10,200| * * o * 0 0 0 0 168,700 292,060 168,700 346,060
1979 | 6/27 0 0 0 0 0 0 0 0 0 0 0 0 0 800 0 0 0 800 292,860 800 346,860
7/2{ 80 0 0 0 0 0 0 0 0 0 0 0 600 | 1,000} 2,500 0 0 4,900 297,760 4,900 351,760
7/5 0 0 0 0 0 0 0 0 0 0 0 0 200 500 0 0 0 700 298,460 700 352,460
7/25 500 0 0 0 0 0 0 0 0 0 0 0 800 700 200 0 0 2,200 300,660 2,200 354,660
8/ 1 600 0 0 0 0 0 0 0 0 0 0 0] 1,000 600 1,300 0 0 3,500 304,160 3,500 358,160
8/27 * 0 0 0 0] * 0 0 0 0 0 0 0 200 3,500 0 0 3,700 307,860 3,700 361,860
9/ 5 500 0 0 0 0 0 0 0 0 0 0 0 500 | 4,000 8,000 0 0 13,000 320,860 13,000 374,860
9/30 1 1,500 0 0 0 0| * 0 0 0 0 0 0 300| 1,700 4,000| 4,700 0 12,200 333,060 12,200 387,060
10/19 800 0 0 0 0| * 0 0 0 0 0 0 300 1,0000 2,500| 5,000 0 9,600 342,660 9,600 396,660
1980 7/24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of * 0 * 342,660 11,000 407,660
8/31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 900 1,000 0 1,900 344,560 1,900 409,560
10/21 0 0 0 0 0 0 0 0 0 0 0 0 0 0] 2,000] 1,300 0 3,300 347,860 3,300 412,860
1981 | 4/24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 010,800 0 10,800 358,660 10,800 423,660
7/21 0 0 0 0 0 700 0 0] * 0 0 0 0| 2,200] * * 2,900 361,560 2,900 426,560
8/ 4 0 0 0 0 0 4,400 0 0] 3,800 0 0 0 0 200 | 21,600 2,300 32,300 393,860 32,300 458,860
8/12 1,000 1,000 394,860 1,000 459,860
8/23 0 0 0 0 010,100 | 38,300 0 0] 9,000 0 0 0 0| 5,00039,000( 8,000 109,400 504,260 109,400 569,260
9/ 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] * 0 * 504,260 9,000 578,260
(o] 32] 4,700 68,490 5970]191,200] 010,100 43,400]16,200[ 10,200]12,800 ] 0] 0] 3,700]10.500]32,300 [84,400710,300] [ 504,260 ]

1) Sediment discharges in Tohya Spa are accumulation of Nishiyama river, Ko-usu river and Kousu-R river
; occurrence without volume estimation value “0” means no occurrence of debris flow

(&%ZE) %W LML HVMAT ¢ O TInieR



54 HEREEBRRRE F61E H15

£—5.2 AT AHBERKHMFEE L RHIHE® solooovs("'))
Table 5.2 Relationship between maximum hourly rainfall
and debris flow volume during volcanism of

50,000

Usu, 1977-1981 M
year date Rt Vs | year date Ry Vs 20,000 |
1977 8/16 49.9 21,810{1979 7/ 2 22.5 2,500 ® ¢
9/11 20.3 7,530 7/25 16.0 200
9/14 27.8 26,100 8 1 48.0 1,300 *°° .
9/21 27.8 13,050 8727 75.0 3,500 N .
10/16 22.0 48,900 9/5 48.0 8,000  20:°° e
10/24 28.5 16,200 9/30 72.5 4,000
10/24 29.0 10,200 10/19 91.5 2,500 10,000
1979 6727 25.0 800} 1980 8/31 1,000
7/ 2 25.0 1,000 10/21 1,300 0 . . .
7/ 5 23‘0 500 1981 7/21 700 0.0 20.0 40.0 €0.0 R?FO(;“:\) 100.0 120.0 140.0 160.0
7/25 21.0 700 8/ 4 4,400
8/27 77.0 200 8/ 4 2,300 111977-1981)
9/5 30.0 4,000 8/23 38,300 Figure 5.5 Relationship between maximum hourly
9/30 58.0 1,700 8/23 39,000 rainfall and debris flow volume during
10719 47.0 1,000 8/23 8,000 volcanism of Usu, 1977-1981
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Figure 5.6 Comparison of actual debris flow and estimation by eq. (5.12) & (5.14)
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Figure 5.7 Some estimation using ETAS according to
each period data
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Table 5.3 Some estimations using the equation for trend of accumulated sediment discharge volume
according to each period data in Mizunashi river

coefficients

Case period Data N 5 (109 " notes
1 1991-1991 4 0.8092 10,241.8 463.851 Less data could not fit the result
2 1991-1992 17 0.6127 1,298.1 55.250 Less data could not fit the result
3 1991-1993 24 0.2648 6,461.3 182.774
4 1991-1994 26 0.2661 6,313.0 174.073
5 1991-1995 kY| 0.2686 6,066.1 164.789
6 1991-1996 40 0.2622 6,505.8 - 176.827
7 1991-1997 43 0.2630 6,457.6 176.724
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Table 5.4 Some estimation using the equation for trend of accumulated sediment discharge
volume according to each period data in Usu volcano’s actual data
. coefficients
Case period Data N 5 (109) . notes
1 1977/8-1977/ 9 5 1.7995 63.4 1109.892 Less data could not fit the result
2 1977/8-1978/ 9 11 0.8325 92.5 28.661 Less data could not fit the result
3 1977/8-1978/10 13 0.1395 157.5 2.513
4 1977/8-1979/10 22 0.2526 437.2 43.938
5 1977/8-1980/10 25 0.2549 426.0 43.070
6 1977/8-1981/ 8 31 0.2263 514.5 46.427
%£—5.5 HHIBEEMTHNICL 2B L ORBIHETFH FHRUGHERE)
Table 5.5 Some estimation using the equation for trend of accumulated sediment discharge
volume according to each period data in Usu volcano’s actual and filled data
. coefficients
Case period Data N b (10°) " notes
add 1 1977/ 8-1981/8 31 0.2263 514.5  46.427 2FRICET(EE
add 2 1978/10-1981/8 21 0.4957 358.9 5.415 1978/10% HHEEHHE
add 3 1978/10-1980/7 11 0.4249 91.7 101.427 1978/10~1980/7D 7 — % CEIE
6.0E+05 6.0E+05
s [ - = o siomas [T T
:Clle Us3 ---@-. case add3
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?,J 3.0B405 F— = mm - ———— -E 30E40S [ m e mm e e e s mmm e e ———
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Figure 5.8 Compatibility of actual sediment discharge
and applied results, Usu volcano
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Figure 5.9 Compatibility of actual sediment discharge
and applied results in case of tried from the
data of 1978/10, Usu volcano
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The concept considered vatiation of volcanic activities, erosion conditions and social circumstance
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Figure 6.5 Procedure for planning of the Comprehensive erosion control measure
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Summary

The eruption of Unzen-Fugen Volcano and following sediment related disasters have brought the tasks of restructuring
the principle of Sabo planning methodology to prevent and mitigate the sediment related disasters caused by volcanic
eruptions. Structuring the sediment control measures in required especially for reducing frequent debris flows
hazards, and it is effective for both expvected largest debris flow and sequential and concentrated sediment discharge
over the long term. It has been recognized the designs to estimate maximum sediment discharge and long-term
sediment discharges is the fundamental in the erosion control plan, but structuring the appropriate method to estimate
long-term sediment discharges has not been developed because urgent measures against local debris flow hazards
have been developed as a priority nationwide since 1960s. It is essential estimating long-term sediment discharges
to solve sediment movement variation in space and time by a time-series model. This study focuses on illuminating
the characteristics of sediment movement variation from the initial erosion process to discharge through retention
of unstable sediment in spatial and time series, and establishing the procedure of sediment control against sequential
sediment discharge over a long period after a catastrophic devastation of watershed due to volcanic eruption.

I . Method of the study

To clarify above-mentioned objectives the author reconstructed the space and time concept of sediment
movement in torrential streams as follows. Topography change is prominent in heavily devastated watersheds covered
by juvenile pyroclastics since the process of sediment transport consists of activating period of sediment yield and

discharge following a period of decreasing sediment movement. This event, named “equilibration of sediment
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movement” by the author, can be clarified by analyzing characteristics of gully erosion process on slopes. The relationship
between gully erosion and run-off in debris flows was estimated by interpreting aerial photos taken in various
time and by analyzing gully erosion morphometry. According to the concept and the methodology of this study, the
research field was chosen at the Mizunashi River watershed in Unzen-Fugen Volcano where topography has been
changed drastically with the sediment yield and discharge by series of and pyroclastic eruptions.
II. Analysis of gully erosion and sediment discharge time series

The impact of volcanic eruption on sediment movement on the surface flow is mainly caused by lowering infiltration
due to fine pyroclastics cover. The author focused on the changes of topography due to surface erosion as the indicator
of sediment yield variation, then carried out geomorphic analysis by interpreting 13 aerial-photo sets to clarify the
process and spatial variation on the devastated slopes. The research revealed the following three results. Sediment
yield in Mizunashi River is by gully erosion. Deviation of accelerating sediment yield period in Akamatsu-tani, Upper
Mizunashi and Oshiga-tani is connected to the variation of direction of pyroclastic flows. In addition, the results of
the variation of sediment discharge analysis using the sediment balance method correlated with the result of the
geomorphic analysis on slopes affecting the variation of sediment yield.
M. The spatiotemporal characteristics of sediment yield and runoff rate

The author studied the erosion processes and distribution in the total drainage area focusing on erosion and
sediment discharge rates. The analysis shows the erosion rates fluctuate and come to equilibrium after repeating
acceleration and static condition. The volumetric correlation of sediment yield and run-off shows that the amount
of sediment discharge becomes less than the sediment yield at first and the sediment accumulates on streambed at
the equilibrium condition. When the accumulated sediment reaches a certain limit, the sediment moves and discharges
from the area, hence the balance between the sediment yield and runoff in each period is nearly equivalent. As the
results of this study, monitoring and geomorphic analysis methods are recommended to estimate sediment discharge
amount.
IV. Estimating the amount of sediment discharge

The author proposes the stochastic model that express quantitative tendency of sediment discharge variation.
The model, called the “equation for trend of accumulative sediment discharge”, shows the cumulative amount of
sediment discharge at discretional time. It is obtained by the convergent value of total amount of sediment with the
differential coefficient which is the sediment run-off rate calculated by subtracting the retention velocity rate from
the sediment discharge rate. Out of 44 debris flow data sets collected from Mizunashi River, 24 data sets were
good enough for the model equation to verify the final amount of sediment discharge. The result is well corresponded
to the actual data. Additionally, the equation is examined by comparing estimated amount of sediment with the
actual sediment discharge data of Usu Volcano, erupted in 1977-78, which has two peaks of sediment discharge
rate. The sediment discharge model could be applicable to calculate the actual cumulative sediment discharge when
the discharge is calculated in two steps fixing individual starting coordinates.
V. Application to erosion control planning

This study explains the method of estimating sediment discharge using erosion rate based on geomorphic
analysis is applicable to volcanic areas those have different erosion processes due to the variety of eruption
events. It is significant for organizing erosion control plans to estimate sediment volumes in every type of sediment
related events. It is essential to study sediment control plans at every phase of estimating sedimentation in heavily
devastated drainage area where the sediment discharge rate changes rapidly and intensively to prevent expansion
of inundation area by sedimentation in alluvial fan and plain. Finally, this study is applicable for the evolution of
the erosion control plan against multimodal variation of sediment movement and watershed scaled risk management in
the near future.

key words : active volcano, geomorphic analysis on erosion, erosion rate, sediment discharge rate, equation for
trend of accumulative sediment discharge



