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Abstract

Increasing impervious area has been responsible for urban inundation in recent times. To
address the problem of urban inundation, rain gardens have been considered for improving
water systems in cities. In Seoul, seven rain gardens were installed in the Hyoja drainage
basin, which was prone to floods, as part of the rain garden project. However, the required
area of the rain gardens in the site has not been studied. This study estimated the required
area of the rain gardens for reducing runoff volume in the Hyoja drainage basin. Monte
Carlo simulation was performed to enable better decision-making by applying the results of
this study to planning. In the simulation, precipitation and soil water-holding capacity, which
had probability distribution, were used as variables, and they were combined to generate the
distribution of the area of rain gardens. The results of the simulation showed that the
average required area of rain gardens is 56,703.34-57,434.09 m? and the maximum area
required is 109,429.75-110,617.82 m2. The distribution of rain garden area can be useful in
deciding the appropriate area of rain gardens for reducing target runoff in the site.
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Fig. 1. Hyoja drainage basin
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Fig. 2. Section of the rain garden
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Table 1. Curve number of Hyoja drainage basin
A B G D CN
Land cover Area(m? CN
e Area CN| Area CN| Area CN| Area CN (weighting)
Residential 1222375 | 5862058 | 46 | 45121768 | 65 | 42007270 | 77 | 29246400 | 82 | 7228 15.85
Commercial 553,733.60 23,85846 | 92 | 497,95540 | 94 | 3191975 | 95 | 93.22 9.26
Recreation 242,222.10 242,113.50 | 79 10855 | 74 | 79.00 343
Transportation 65817570 | 31,29672 | 83 | 61,4157 | 89 | 48986630 | 92 | 7587107 | 93 | 90.14 10.64
Public 621,731.50 53745 | 89 | 29553137 | 92 | 223,04550 | 94 | 10261720 | 95 | 91.06 10.16
Deciduous 807,031.20 | 48533330 | 36 | 299,660.15 | 60 16,078.28 | 73 5959.35 | 79 | 45.98 6.66
Evergreen 124,885.30 338288 | 36 | 11802647 | 60 | 3,215.405 | 73 26057 | 79 | 59.73 133
Mixed forest 962,253.90 | 724,122.60 | 36 | 23516437 | 60 2,966.87 | 73 41.97 7.24
Grassland 187,845.20 317402 | 49 | 2822538 | 69 | 123,979.20 | 79 | 3246659 | 84 | 77.50 2.61
Bare ground 178,342.10 | 3748481 | 56 | 2069245 | 75 | 8039200 | 86 | 3977278 | 91 | 77.52 248
Inland water 13,352.82 13,352.82 | 100 100 0.23
Total 5,571,948.35 69.95
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ZoFaEol o 5:79-5850 SiEsR: BAoICk
3. 2H|I7IE2 AlE8o|4 ZAx} AUEoZE= HOVKES YT of AEE ot
E QWA FAgs ARBE = At It
AEHOIA Ayt LSt yovt=e] HEe H@y Y SER e HAT 2 A Fe 5 RET

HOT  56,703.34m?*-57,434.08m*’CF  LIEPIOMH

Ol ZohadAol ofF 3-303di9t &2 WAl

B2 b8 2o g vie Sl oE

Table 2. Frequency and probability of

occurrence of precipitation

Frequency Probability
Precipitation > T2 2 [ 2 [ 2 of
(mmy/day) ? ? (])- g 8 Ave- | ccurrence
3lgtadale | " &
0-10.0 95| 73| 64| 86| 79| 794 7311
10.0-200 | 16| 13| 13| 8 | 14| 128 11.79
20.0-300 | 5|5 |5 |5 |5 500 4.60
300400 (3[4 |6 |3 |7 |460 423
400-500 |2 |2 |1 |1|1]140 129
500-600 |4 |2 |1 |1 |1]|180 165
600-700 {1 (10 (2]0]080 0.74
70.0-800 [1 3]0 |2]0|120 110
80.0-900 |1 |1 |10 |1]|080 0.74
90.0-1000 {1 |11 }0{1}o080 0.74
Total 108.6 100
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Table 3. Street area ratio for installing rain
garden

Rain Standard deviation of distribution
garden of soil water holding capacity
/ Street(%) 05 1 2 25 5
Average 5114 | 5118 | 5142 | 5112 | 51.79
Maximum
(90% 98.95 | 98.69 | 99.12 | 99.37 | 99.76
confidence)
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Table 4. Street area ratio for installing rain
garden to manage a portion of runoff volume

Rain Proportion of target runoff volume
arden
9 10% | 30% | S0% | 70% | 100%
/ Street(%)
511 15.34 25.58 35.80 51.14
Average
-5.18 | -15.54 | -25.90 | -36.25 -51.79
Maximum
9.87 29.60 49.35 69.08 98.69
(90%
" -9.98 | -29.93 | -49.89 | -69.83 -99.76
confidence)
Area (m?)
120000 Street area in Hyoja drainage basin
AR R S R N P S SN E S SRS ES S-S\,
100000
Range of maximum value(90% confidence)
80000
60000 2 -

Range of average
40000 -
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Proportion of target runoff vnl:;m-"‘
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Fig. 6. The range of required rain garden area
as target runoff volume
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