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Analysis of the Inflow Characteristics of Separate Sewer Systems
for Rainfall Using an XP-SWMM Model and the SSOAP Toolbox
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Lee, Young Jun*, and Lee, Chae Young™

Abstract

Even after the sewer system rehabilitation project, sewer system-related problems caused by inflow still persist. However, analysis
of the characteristics of the inflow has been limited to specific rainfall events and monitoring points. This study analyzed inflow
characteristics according to rainfall events using an XP-SWMM model and the Sanitary Sewer Overflow Analysis and Planning
(SSOAP) Toolbox. In this study, the XP-SWMM model was built for sewers and collecting pipes in urban areas where classification
projects were completed. The R, T, and K parameters were calculated using the SSOAP tool based on the sewer volume data
of the study area. The calculated parameters were inputted into the XP-SWMM model and used to analyze R, T, and K of unmeasured
sampling intervals. The amount of rainfall-derived inflow and infiltration (RDII) increased according to the amount of rainfall,
and the correlation coefficient between the amount of rainfall and the amount of RDII was 0.9352, indicating a high correlation.
The results of this study can support efficient facility planning that reflects the rainfall characteristics of specific areas, including
areas where actual survey of sewage data is not possible.
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Fig. 1. SSOAP Toolbox Diagram
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Fig. 2. Service Areas for Study
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Table 1. Analysis of Rainfall Events during the Monitoring Period

Rainfall event Rainfall occurrence date Rainfall duration (hr) Rainfall amount (mm)

El 7/28 2.83 34.0

E2 8/10 7.67 4.0

E3 8/15 1.67 23.0

E4 8/23 9.00 15.0

E5 8/24 17.33 42.5

E6 8/26 55.67 171.5

E7 8/30 12.67 42.0

E8 8/31 12.83 133.5

E9 9/3 8.3 62.5

E10 9/4 4.17 19.5

Ell 9/7 5.17 4.5

El12 9/21 11.5 25.5

Table 2. Rainfall Event with Calibration Applied
Rainfall event Number of
Catchment ’
El E2 E3 E4 E5 E6 E7 E8 E9 E10 Ell El12 selections

BDI1-1 o ([ ([ 3
BDI1-3 o o o o 4
BD1-4 o o o ] 4
BDI1-5 o o o [ ® 5
BDI-6 o (] o 3
BDI-8 o { (] ( o o 6
BDI-11 o o  J 3
BD1-12 o ] o o 4
BDI1-13 ] o 2
SR1-2 o o o o 4
SR1-3 [ L ([ (] ( ( L L 8
SR2-1 o ([ [ 3
SR3-1 o ([ { 3
SR3-4 o o [ o 4
SR3-5 o o 2
SR3-6 o o o o ® 5
SR3-7 o { { (] ( o 6
YJ1-1 o o o 3
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Table 3. Calculation of R, T, and K Parameters for Branch Lines

Fast inflow Medium inflow Slow inflow Total R
Catchment
R1 Tl K1 R2 T2 K2 R3 T3 K3 (%0)
BDI1-1 0.020 0.7 0.6 0.014 0.9 0.8 0.004 1.1 1.1 3.8
BDI1-3 0.050 0.5 0.6 0.030 0.7 0.9 0.005 1.2 1.2 8.5
BD1-4 0.002 0.8 0.8 0.001 1.0 1.0 0.001 1.2 1.1 0.4
BD1-5 0.005 0.6 0.7 0.003 1.2 1.1 0.002 1.4 1.2 1.0
BD1-6 0.008 0.5 0.5 0.005 1.0 1.0 0.001 1.5 1.5 1.4
BD1-8 0.010 0.4 0.5 0.005 0.8 1.0 0.002 1.8 1.4 1.7
BDI1-11 0.003 0.8 0.8 0.002 1.0 1.0 0.001 1.3 1.3 0.6
BDI1-12 0.002 0.8 0.9 0.001 1.2 1.2 0.001 1.5 1.5 0.4
BDI1-13 0.015 0.2 0.2 0.010 0.5 0.5 0.005 1.0 1.0 3.0
SR1-2 0.001 0.3 0.4 0.001 0.4 0.8 0.001 1.0 1.0 0.3
SR1-3 0.002 0.2 0.4 0.001 0.5 0.8 0.001 1.0 1.0 0.4
SR2-1 0.003 0.3 0.5 0.001 0.8 1.0 0.001 1.4 1.2 0.5
SR3-1 0.047 0.4 0.7 0.024 0.8 0.9 0.014 1.1 1.1 8.5
SR3-4 0.030 0.3 0.5 0.020 0.5 0.8 0.010 1.0 1.2 6.0
SR3-5 0.005 0.3 0.3 0.002 0.7 0.8 0.001 1.2 1.2 0.8
SR3-6 0.001 1.3 1.3 0.001 1.6 1.6 0.001 2.0 2.0 0.3
SR3-7 0.003 0.6 0.8 0.002 0.8 1.0 0.001 1.6 1.6 0.6
YJ1-1 0.010 0.4 0.4 0.005 0.7 0.7 0.003 1.2 1.2 1.8
Table 4. Calculation of R, T, and K Parameters for Main Lines
Fast inflow Medium inflow Slow inflow Total R
Catchment
RI Tl K1 R2 T2 K2 R3 T3 K3 (%)
BD1-2 0.040 0.5 0.5 0.005 0.8 0.8 0.002 1.0 1.0 4.7
BD1-7 0.001 0.8 0.8 0.001 1.2 1.2 0.001 1.5 1.5 0.3
BD1-9 0.012 0.2 0.3 0.007 0.6 0.8 0.003 1.0 1.0 2.2
BD1-10 0.005 0.6 0.8 0.004 1.0 1.2 0.002 1.6 1.8 1.1
BD1-14 0.007 0.5 0.7 0.005 0.8 0.9 0.003 1.0 1.2 1.5
SR1-1 0.001 0.8 0.8 0.001 1.0 1.0 0.001 1.5 1.5 0.3
SR1-4 0.001 1.0 1.0 0.001 1.3 1.3 0.001 1.5 1.5 0.3
SR3-2 0.020 0.3 0.3 0.010 0.8 0.8 0.005 1.0 1.0 3.5
SR3-3 0.003 0.4 0.5 0.002 0.7 0.7 0.001 1.0 1.0 0.6
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Table 5. Results of RDII Amount Generated by Single Rainfall
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Fig. 10. Correlation of RDII Generation Amount by Rainfall

Infiltration Rainfall-induced Infiltration
Base Sewage - - Sum
Branch sewer Main sewer Branch sewer Main sewer
8,600.4 m’/d 7,969.9 m*/d 13,905.6 m’/d 1,873.60 m*/d 4,251.9 m’/d 36,601.4 m*/d

Table 6. Results of Monthly RDII Amount Generated Calculation by Continuous Rainfall

Month Precipitation RDII amount generated Precipitation per RDII amount
(mm/day) (m®) generated (m’/mm/day)
1 35 3,326 600
2 36 3,224 276
3 44 3,990 483
4 244 22,113 910
5 122 11,148 656
6 116 10,382 522
7 661 50,998 1,813
8 299 23,829 1,538
9 185 14,769 781
10 29 2,633 186
11 35 3,300 474
12 13 1,277 188
Sum 1,816 150,988 8,426
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Table 7. Result of RDII Volume by Continuous Rainfall Thought

Rainfall Hourly Maximum Daily Rainfall RDII amount Precipitation per RDII amount
occurrence date Rainfall (mm/hr) (mm/day) generated (m®) generated (m*/mm/day)
1/3 2.6 4.7 489.7 104.2
1/4 2.7 9.1 883.6 97.1
1/22 2.9 8.4 637.2 75.9
1/26 2.1 3.0 342.7 114.2
1727 2.5 6.5 625.0 96.2
1/28 0.9 3.1 348.1 112.3
omit
7/1 2.5 8.5 1,020.7 120.1
7/2 7.0 11.0 334.1 304
7/3 16.5 60.0 5,120.6 85.3
7/4 16.0 27.5 932.1 33.9
7/5 5.5 7.5 1,883.5 251.1
7/6 31.5 69.0 5,229.5 75.8
7/8 7.0 11.5 933.8 81.2
7/9 11.0 47.5 3,314.2 69.8
7/10 30.0 69.5 5,314.8 76.5
7/11 19.0 50.0 4,190.5 83.8
7/13 13.0 69.0 5,309.0 76.9
7/17 4.0 10.0 460.1 46.0
7/18 6.5 25.0 2,405.2 96.2
7/20 3.5 8.0 685.7 85.7
7/23 28.0 50.5 3,838.2 76.0
7124 3.5 5.0 486.5 97.3
7/25 85.0 97.0 6,792.7 70.0
7/28 12.0 28.5 971.2 34.1
7/29 3.0 5.5 1,775.2 322.8
8/4 8.5 11.5 970.7 84.4
8/5 9.5 17.0 1,348.4 79.3
8/6 4.0 4.0 386.0 96.5
8/7 3.5 13.0 1,094.9 84.2
8/10 3.5 4.5 135.7 30.1
8/11 5.0 9.5 1,071.6 112.8
8/16 1.5 3.0 311.5 103.8
8/17 2.0 5.0 391.1 78.2
8/18 4.0 28.0 2,266.0 80.9
8/19 19.0 65.5 4,936.1 75.4
8/20 9.0 16.0 854.2 534
8/21 5.0 8.5 1,168.5 137.5
8/25 6.0 15.0 1,204.6 80.3
8/27 17.5 75.0 5,370.4 71.6
8/28 2.0 4.0 723.1 180.8
8/30 5.5 16.0 1,265.9 79.1
8/31 0.5 3.0 330.0 110.0
9/2 7.0 24.0 1,909.5 79.6
omit
11/11 6.5 9.0 1,106.0 122.9
11/15 3.0 4.0 412.6 103.2
11727 1.0 4.0 356.9 89.2
12/5 2.0 4.0 284.4 71.1
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