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A Runoff Characteristics Analysis for the Design of Interior Drainage Systems at
Urbanization Catchment in the Cheju Volcanic Island

A 3 4. et % R Z A

Kim, Sung Won - Ahn, Seung Seop - Lee, Jeung Seok

Abstract

This study has an object to evaluate runoff characteristics with ILLUDAS model and
SWMM owing to each rainfall distribution type of Huff's quartile and each rainfall
duration time of 30, 60, 120 and 180 minutes. As a result of this study, Type- I Extreme
(T1E) rainfall distribution pattern with Huff's 2nd quartile is adequate for Cheju volcanic
island. To decide optimal rainfall duration, time of concentration and critical duration
should be compared and analyzed each other. In this study, 30 and 120 minutes were
suggested to optimal duration time of A and B study basins, It is concluded thal the
magnitude of peak runoff discharge Is maximum with Huff's 4th quartile, and that of
total runoff volume is maximum with Huff's 4th quartile for ILLUDAS model and with
Huff's 1st quartile for SWMM. As rainfall duration time increasing with same return
period for ITLLUDAS model and SWMM, the ratio of peak runoff discharge is increasing.
Also in case of total runoff volume, volume by SWMM is less than by ILLUDAS model
as to variation ratio of total runoff volume in A and B study basin.

Therefore, the results of this study can be used as basic data in defermining adequate
rainfall duration time and rainfall distribution type and used for urban drainage systems
analysis and design at small urbanization catchment in Cheju volcanic island.

* Colorado State University, Post-doc., Fellow, 719 =  ILLUDAS, SWMM, 4A73$%, Ad7z,
USA FgReM FFESZ JAAZNG E5E
*AdY Sy FAd g A, AELAYA
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Table 1. Design storm for duration and return period analysis in Cheju Island by the Type- I Extreme

(Unit : mm)

Duration(min) ) -
Return Period (e 30 60 120 180 240 360 480 720 1440
' 2.33 308 453 | 673 | 802 | 953 | 1146 | 12908 | 1509 | 1881
5 40.9 588 | 892 | 1095 | 1280 | 1532 | 1747 | 2042 | 2574
10 49.1 699 | 1070 | 1324 | 1547 | 1845 | 2112 | 2476 | 3139
20 56.6 204 | 1241 | 1508 | 1802 | 2146 | 2463 | 2802 | 3680
30 60.8 865 | 1339 | 1675 | 1919 | 2320 | 2665 | 3131 | 399.
50 86.0 941 | 1462 | 1804 | 2132 | 2536 | 2917 | 3430 | 4381
80 694 | 1000 | 1575 | 1921 | 2300 | 2734 | 3147 | 3704 | 4737
100 727 | 1043 | 1628 | 2013 | 2380 | 2828 | 3957 | 3834 [ 4887
150 763 | 1103 | 1725 | 2139 | 2525 | 2998 | 3455 | 4069 | 5212

Table 2. Thiessen weighted factor and characteristics of rainfall gauge station in Cheju Volcanic Island

) ) Location L Basin Area
Rain Gauge Station - - Rain Gauge |Thiessen Factor 2
Longitude(E) Latitude(N) (km®)
Cheju 126° 32 33" 31 Self-Recording 0.284 518.23
Seoguipo 126° 34 33° 14 Self-Recording 0.264 481.74
Seongsanpo 126° 55° 33" 27 Self-Recording 0.270 492 69
Cheju Kocheung 126° 10° 3317 Self-Recording 0.182 332.11
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Table 3. Drainage system data of Cheju urban
catchment (A, B basin)

A B
Basin area(ha) 276 201.4
Channel length(m) 855 3,600
Channel slope 0.009 0.015
Seil group A Type A Type
Sub-basin 5 15
Upper drainage pipe | ¢450mm | [00.4x05m
Lower drainage pipe| ¢ 600mm [02.0x15m
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Table 4(a). Result of runoff analysis at A drainage basin in Cheju Volcanic Island

Duration (min) ILLUDAS(30min) SWMM(30min)
Return Period(year Huff's 1 | Huff's 2 | Huff's 3 | Huff's 4 | Huff's 1 | Huff's 2 | Huff's 3 | Huff's 4
Qp(ni/s) 274 4.18 421 477 3.67 471 435 576
233 Qt(m) 3,311 3,386 3,336 4,611 3,620 3,680 3,580 3,500
Tp(min) 8.8 16.3 25.0 30,0 2.5 125 175 30.0
Qo(ri/s) 3.96 5,59 5.61 6.43 4.86 6.03 5.54 7.49
5 Qt(nf) 4,611 4,598 4,598 4,661 4,840 4,830 4,840 4,770
Tp{(min) 8.8 16.3 250 30.0 25 12.5 175 30.0
Qp{ni/s) 488 6.88 6.73 7.69 5.61 7.09 6.49 8.93
10 Qt(nf) 5,661 5,649 5,649 5,661 5,750 5,730 5,730 5,680
Tp(min) 8.8 16,3 25.0 30,0 2.5 125 175 30,0
Qp(ni/s) 574 7.78 777 8.95 6.59 §.02 741 10.13
20 Qt(m) 6,586 6,574 6,698 7478 | 6,830 6,790 6,830 6,740
Tp{min) 3.8 16.3 250 30.0 25 12.5 175 30.0
Qp(mi/s) 6.06 8.37 8.30 9.59 7.16 8.67 7.90 10.91
30 Qt{n) 7,123 7,098 7.753 8,458 | 7,340 7,320 7,280 7.240
Tp(min) 8.8 163 25.0 30.0 2.5 12.5 175 300
Qp(mi/s) 6.58 9.03 9.06 10.45 772 9.33 8.56 11.71
50 Qt(nf) 7,724 8,259 9,162 9,722 | 7,970 7,950 7,940 7.900
Tp(min) 8.8 16.3 25,0 30.0 25 125 175 30.0
Qp(ni/s) 7.02 9.60 9.55 11,02 8.15 9.73 8.95 12.24
80 Qt{ni) 8,174 9,064 | 10,023 10,511 8,400 8,370 8,390 8,310
Tp(min) 8.8 16.3 250 30.0 2.5 125 17.5 30.0
Qp(ni/s) 745 1017 10.13 11.66 8.57 10.26 9.46 12,90
100 Qt(m) 8,573 9,891 10,886 11,383 8,820 8,790 8.810 8,740
Tp{min) 8.3 16.3 25.0 30.0 2.5 125 175 30.0
. =¥ o Fig. 4(a)~(dE 2 d7HRY AolA AHez FA HAY Huffsel 4243
2l A, BRrEelX Huff's®] 4294 tigd AdA7|7 < HEd7] #ste Z+ A%7|FEE Huff'se] 2
¥ REFEIAL UBd ROEA dAEeR  RAYE /1E0R 429%d 98 ATREY
A&7\ 2 AL BAA AL MRSA b mree Q, (4)2 WHAROH, E4BAH
BRI slolM 7 RRe) #EFAel 48T A gaygquz 7 A278E Hufsd 229 2o
oz woEth 71F£L2E ILLUDAS modelslA AdiHo=2 A7
_ o A HE 479 #E SWMMA AtEeE T
2. ZPEYHIE IE REYEEM

&
oz
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2 MAF Huff'se] 22973 AFAEsy 4

B A7 ILLUDAS model# SWMMe) 2
AR SR

24Y 1EAR WY FHEAHS 2
Q (%)% AgHAT. oA 3 ATH
230 AL BIAENB F7hgel we
ILLUDAS model® SWMMel4 Huff's9] 489
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Table 4(b). Result of runoff analysis at B drainage basin in Cheju Volcanic Island

Duration{min) ILLUDAS(120mnin) SWMM (120min)
Return Period(year Huff's 1 | Huff's 2 | Huff's 3 | Huff's 4 | Huff's 1 | Huff's 2 | Huff's 3 | Huff's 4
Qp(ni/s) 3.89 475 4.47 6.04 8.85 10.39 10.07 11.27
2.33 Qt(nf) 14,116 14,071 14,093 14,118 44,500 43,000 39,300 33.200
Tp(min) 15.0 55.0 80.0 120.0 15.0 50.0 75.0 120.0
Qp(ri/s) 522 6.30 5.97 7.88 10.49 1141 11.22 12.56
5 Qt(ni) 19,000 19,042 18,976 19,058 81,500 76,100 71,600 69,700
Tp{min) 15.0 5.0 80.0 120.0 15,0 50.0 70.0 1200
Qp(wi/s) 6.35 7.58 7.17 9.61 11.59 12.24 12,00 13.57
10 Qt(ni) 22,969 22,990 23,035 25,778 | 95,500 91,900 85,800 79.200
Tp{min) 150 55.0 80.0 120.0 10.0 50.0 70.0 1200
Qp(i/s) 743 8383 8.25 11.72 12.29 13.02 12.79 1458
20 Qt(ni) 26,850 26,805 30,321 46,518 | 105,000 | 101,000 95,800 88,700
Tp{min) 15.0 55.0 80.0 120.0 10.0 50.0 70.0 120.0
Qp(m/s) 7.85 9.52 9.35 1291 12.67 13.48 13.20 1518
30 Qt(m) 28,924 28,946 45,144 61,276 | 110,000 | 106,000 | 102,000 94,300
Tp(min) 15.0 55.0 80.0 120.0 10.0 50.0 70.0 120.0
Qp(ni/s) 3.70 10.34 10.00 14.72 13,24 14.03 13.75 15.87
50 Qt(nd) 31,688 36,418 65,374 80,775 | 117,000 | 113,000 | 110,000 | 103,000
Tp(min) 15.0 55.0 85.0 120.0 10.0 50.0 70.0 120.0
Qp(m/s) 9.34 11.19 10.81 15.43 13.81 1454 14.26 16.56
80 Qtlrm') 34,917 50,623 84,1156 97.845 | 124,000 | 120,000 | 116,000 | 110,000
Tp{min) 15.0 53.0 85.0 120.0 5.0 50.0 70.0 120.0
Qp(m/s) 9.81 11.59 11.03 1592 1401 1477 14.49 16.88
100 Qt(ni) 41,445 57,299 93,076 105,949 | 126,000 | 123,000 | 119,000 | 113,000
Tp(min) 15.0 55.0 90.0 120.0 5.0 50.0 70.0 1200
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Fig. 4(a). Hydrograph by ILLUDAS medel
(A basin, Critical Time : 30min)
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Table 5(a). Runoff ratio calculation due to rainfall duration variation & return period (ILLUDAS medel)

Duration(min) A (Basin) B(Basin)
Return Period(year) 30 60 120 180 30 60 120 180
233 Qp(%) 1822 21.43 2613 27.50 1122 1514 25,46 27.08
) Qt(%) 0.23 121 0.44 0.50 0.29 1.22 0.33 0.64
5 Qp(%) 17 34 1951 28.15 28.86 12.31 16.34 25.10 26.97
Qt(%) 0.00 0.00 0.00 0.87 0.00 0.00 0.00 0.95
10 Qp(%) 18.23 2119 28.29 | 3064 10.23 13.18 26.79 | 4157
Qt(%) 0.28 0.30 2.43 855 0.21 0.31 1213 43.32
20 Qp(%) 18.57 21.93 30.24 36.50 1212 1527 3422 5992
Qt(%) 1.45 219 14.02 19.27 10.11 17 43 7354 | 9536
20 Qp(%) | 19.02 22.83 | 32.98 | 45.80 | 13.22 1585 | 3553 | 45.90
Qt(%) 2.34 9.71 21.58 28.84 23.11 5073 | 111.69 | 14499
50 Qp%) 19.01 22.60 40.83 50.53 14.34 19.28 4290 43.32
Qt(%) 722 17.57 26.37 27.41 2348 91.88 | 121.80| 11198
30 Qp(%) 20.90 2285 42 44 55.56 16.43 23.61 33.11 37.81
Qt(%) 1324 22.49 24.40 2416 4533 107 94 93.28 83.07
100 Qo(%) 2212 25.86 4511 54,91 15.34 19.49 25.16 29.69
Qt(%) 12.11 21.24 23.63 21.43 3549 9456 | 8491 66.87
Table 5(b). Runoff ratio calculation due to rainfall duration variation & return period (SWMM)
Duration (min) A(Area) B(Area)
Return Period(year) 60 60 120 180 60 60 120 180
233 Qp(%) | 21.22 23.54 26.35 27.56 6.24 8.41 11.56 11.89
) Qt(%) 0.00 0.00 0.25 0.10 323 13.97 33.04 48.25
5 Qp(%) | 2012 2277 23.13 24,44 5.32 7.85 8.92 10,08
Qt(%) 0.00 0.00 0.00 0.75 1.32 543 13.83 17,81
10 Qp(%) | 20.03 22.70 2272 22,75 6.58 9.11 9.98 10,90
QE(%) 012 012 0.00 0.00 0.02 0.27 3.92 455
20 Qp(%) 20.01 22.59 23.20 23.50 8.34 10.05 10.81 12.02
Qt(%) 0.20 0.20 0.66 0.54 0.00 2.07 3.96 5,66
30 Qp(%) | 20.01 2242 23.73 23.92 8.55 10.33 11,59 12,63
Qt(%) 0.95 0.95 0.00 0.00 0.00 1.77 3.77 522
50 Qp{%) | 21.11 23.19 23.70 24.00 9.35 11.11 11.95 13.12
Qt(%) 0.00 0.00 0.00 0.00 0,03 1.69 3.54 492
80 Qp(%) | 2113 2322 23.77 2477 9.53 11.50 12.31 13,93
Qt{%) 0.00 0.00 0.00 0.00 0.34 1.94 3.33 469
100 Qp(%) | 21.15 2327 2414 2518 9.92 11.69 12.74 14.33
QL(%) 0.00 0.00 0.50 0.40 0.45 2.00 244 3.73
Maegd@ma s fergdado] Aolste] gl ZAEF FEEZFAA AF ® Sudxe F
ko] *1EEP F N9 Mg dig AF5E £& B3 HAEE ¥ ILLUDAS model#
&3 A7zt 718 A9t AgoE 3 SWMME o] &3] Huffs®) 4% 9% 7}
A=A E/ﬂﬁr@ FEHLS Al 712 2T 308, 60F. 1208 R 1809 A
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