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Abstract

The ability to defend against floods in urban areas was weakened, because the increase in the impervious rate of urban areas due to
urbanization and industrialization and the increase in the localized torrential rainfall due to abnormal climate. In order to reduce flood
damage in urban areas, various runoff reduction facilities such as detention ponds and infiltration facilities were installed. However, in
the case of domestic metropolitan cities, it is difficult to secure land for the installation of storm water reduction facilities and secure the
budget for improving the aged pipelines. Therefore, it is necessary to design a storage system (called the detention pond in trunk sewer)
that linked the existing drainage system to improve the flood control capacity of the urban area and reduce the budget. In this study, to
analyze the effect of reducing runoff amounts according to the volume of the detention pond in trunk sewer, three kinds of virtual
watershed (longitudinal, middle, concentration shape) were assumed and the detention pond in trunk sewer was installed at an arbitrary
location in the watershed. The volume of the detention pond in trunk sewer was set to 6 cases (1,000 m’, 3,000 m’, 5,000 m’, 10,000 m’,
20,000 m>, 30,000 m3), and the installation location of the detention pond in trunk sewer was varied to 20%, 40%, 60%, and 80% of the
detention pond upstream area to the total watershed area (DUAR). Also, using the results of this study, a graph of the relationship and
relational equation between the volume of the detention pond in trunk sewer and the installation location is presented.
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Fig. 1. Detention pond in trunk sewer (Yoon, 2016)
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Table 1. Peak flow of detention pond location

Peak flow (m’/s)
Basin Volume of Dimensionless Upstream Area Ratio (DUAR)
detention pond
shape (m3) Not Installed
installed 20% 40% 60% 80%
1,000 18.218 17.607 17.330 17.587 17.785
3,000 18.218 16.254 15.125 15.764 16.413
L"“sghi:;:i“al 5,000 18218 15.509 13.481 13.915 14.766
(SF=0.25) 10,000 18.218 14.930 11.881 10.719 11.308
20,000 18.218 14.731 11.235 8.469 7316
30,000 18.218 14.690 11.034 7.942 5.457
1,000 13.568 13.117 12.782 - -
3,000 13.568 12.032 10.752 - -
Middle 5,000 13.568 11.509 9.429 ; -
shape
(SF=0.604) 10,000 13.568 11.107 7.880 - -
20,000 13.568 10.965 7.256 - -
30,000 13.568 10.938 7.124 - -
1,000 22.167 21.697 21.520 21.732 21.871
3,000 22.167 20.406 19.350 20.124 20.708
C"“Zﬁzgjﬁ"“ 5,000 22.167 19.339 17.314 18.158 19.087
(SF=1.00) 10,000 22.167 18.164 14.087 14.069 15.112
20,000 22.167 17.548 11.938 10.034 9.937
30,000 22.167 17.372 11.722 8.330 7.237
AEAGE, A FH], AR/A AR5 HAH 0| 1, {97 b*ﬂﬂﬁé frefellA 7hg & A aE ver el
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Table 2. Peak flow ratio and reduction of peak flow for basin storage ratio
Basin B Dimensionless Upstream Area Ratio (DUAR)
- st(.)rage 20% 40% 60% 80%
ratio (Sy) . AQp’ o AQp’ o AQP’ o AQP’
0.0084 0.9665 0.611 0.9513 0.888 0.9654 0.631 0.9762 0.433
0.0253 0.8922 1.964 0.8302 3.093 0.8653 2.454 0.9009 1.805
Lonflj;‘;ii“al 0.0422 | 08513 2.709 0.7400 4737 0.7638 4303 0.8105 3.452
(SF=0.25) 0.0844 0.8195 3.288 0.6522 6.337 0.5884 7.499 0.6207 6.910
0.1687 0.8086 3.487 0.6167 6.983 0.4649 9.749 0.4016 10.902
0.2531 0.8063 3.528 0.6057 7.184 0.4359 10.276 0.2995 12.761
0.0127 0.9668 0.451 0.9421 0.786 - - - -
0.0380 0.8868 1.536 0.7925 2.816 - - - -
Middle 0.0634 0.8482 2.059 0.6949 4.139 - - - -
(8528?594) 0.1267 0.8186 2.461 0.5808 5.688 - - - -
0.2534 0.8082 2.603 0.5348 6.312 - - - -
0.3802 0.8062 2.630 0.5251 6.444 - - - -
0.0082 0.9788 0.470 0.9708 0.647 0.9804 0.435 0.9866 0.296
0.0247 0.9206 1.761 0.8729 2.817 0.9078 2.043 0.9342 1.459
C°“Zfl;‘::ﬁ°“ 0.0412 0.8724 2.828 0.7811 4.853 0.8191 4.009 0.8611 3.080
(SF=1.00) 0.0823 0.8194 4.003 0.6355 8.080 0.6347 8.098 0.6817 7.055
0.1647 0.7916 4.619 0.5385 10.229 0.4527 12.133 0.4483 12.230
0.2470 0.7837 4.795 0.5288 10.445 0.3758 13.837 0.3265 14.930
020 030 040 0.50 0:0 070 0.8 0.0 1.00 ¢ [ 2 a 6 Mm‘(sm;/s) 10 12 14 16
(a) Basin storage ratio - peak flow ratio (b) Basin storage ratio - reduction of peak flow
Fig. 3. Relationship of basin storage ratio and peak flow (basin shape)
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Fig. 4. Relationship of peak flow ratio and DUAR
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Table 3. Peak flow ratio and DUAR relationship with volume of detention pond

Basin shape V.O lume of 3 Relational equation Coef.ﬁcie.:nt of 2
detention pond (m”) determination (R”)
1,000 o’ =2E-05A” - 0.0014A + 0.9866 0.8330
3,000 o/ = 6E-05A” - 0.0058A + 0.9788 0.8466
Longitudinal shape 5,000 o= 1E-04A% - 0.0104A + 1.0136 0.9144
(SF=0.25) 10,000 o’=0.0001A% - 0.0158A + 1.0849 0.9999
20,000 o/ = 8E-05A” - 0.0149A + 1.0769 0.9988
30,000 o/ = 4E-05A” - 0.0125A + 1.0398 1.0000
Basin shape V.O lume of 3 Relational equation Corre.lationz
detention pond (m”) coefficient (R)
1,000 o’=-0.0012A + 0.9915 1.0000
3,000 o/=-0.0047A + 0.9811 1.0000
Middle shape 5,000 o/=-0.0077A + 1.0015 1.0000
(SF=0.694) 10,000 o’'=-0.0119A + 1.0565 1.0000
20,000 o’=-0.0137A + 1.0815 1.0000
30,000 o/=-0.0141A + 1.0873 1.0000
Basin shape V.O lume of 3 Relational equation Coef.ﬁcic.ent of 2
detention pond (m”) determination (R”)
1,000 o= 5E-06A” - 0.0004A + 0.9892 0.8781
3,000 o= 4E-05A” - 0.0032A + 0.9804 0.8420
Concentration shape 5,000 o/=TB-05A% - 0.0067A + 0.9931 0.8063
(SF=1.00) 10,000 o/=0.0001A” - 0.0149A + 1.0677 0.9864
20,000 o/=0.0001A”- 0.0199A + 1.1289 0.9731
30,000 o'=0.0001A- 0.021A + 1.1479 0.9996

*hear A = DUAR (Dimensionless Upstream Area Ratio)
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Table 4. Validate parameter for pond location (volume-peak flow ratio)
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Table 5. Validate parameter for pond location (peak flow ratio-DUAR)
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Table 6. Validate parameter for pond location (Gunja watershed)

Peak flow ratio (o) deter?t/i(:)lrlllr;(fn(:if () S8 DUAR (%) Note
0.65 10,000 0.0811 35.6 Relational equation
0.617 10,000 0.0811 35.6 SWMM model
0.65 10,000 0.0811 35.6 Relational equation
0.65 10,000 0.0811 30.2 SWMM model
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