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Study on Design Capacity of Stormwater Pipe and Pumping Station considering
Peak Rainfall Intensity
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Abstract

Stormwater pipe systems are most commonly used to discharge rainwater from the urban catchment covered by the impervious
area. To design stormwater pipe and rainwater pumping station, frequency analysis is implemented using historical rainfall
and the design rainfall is timely distributed using theoretical shape such as Huff distribution. This method cannot consider
the rainfall intensity variation caused by climate change which is type of uncertainty. Therefore, in this study, runoff from
Gasanl stormwater pumping stations catchment is calculated using design rainfall distributed by the 2nd quartile distribution
method and the historical rainfall events. From the analysis, the nodal flooding in the urban catchment is likely caused by
the high peak rainfall event rather than the large amount of rainfall. The linear regression analysis is implemented. As a result,
when several storms have the same amount of rainfall, the nodal flooding in the stormwater pipe systems could be caused
by the high peak of storm events. Since as the storm duration become short, the peak rainfall become high, the nodal flooding
likely become severe with the short storm duration. The uncertainty in the peak data of design rainfall is analyzed and this
uncertainty has to be consider in the stormwater pipe design process.

keywords : design rainfall, peak rainfall intensity, stormwater pipe systems, design capacity of stormwater

pumping station, uncertainty
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(b) Stormwater Pipe Network of Study Catchment

Fig. 1. Location and Stormwater Pipe Network of Study Catchment

Table 1. Gasan1 Stormwater Pumping Station

Design Frequency Pump Capacity

Retarding Basin Volume

Stormwater Pipe Design

(m?) Frequency

10 yr 250 Hpx3 (300 m®/min)

250 Hpx*3 (300 m®/min)

30yr 430 Hpx2 (640 m®/min)

9,000 10 yr Frequency

Table 2. Rainfall Events used for Parameter Calibration

Event No Rainfall Period Duration Tota<1mfr{;1;nfall Iniierlzl;tf?rilria}}llr) Iﬁ Ze(;rjigts (Pr{narirrll/fsil)
1 2009.07.09 00:21~07.09 15:47 | 15 hr 26 min 153.5 285 6.4
2 2009.07.12 00:43~07.12 14:55 | 14 hr 12 min 129.0 26.0 54
3 2009.07.14 00:03~07.14 20:16 | 20 hr 13 min 159.0 415 6.6
4 2009.08.12 00:02~08.12 14:19 | 14 hr 17 min 75.0 18.0 3.1
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Fig. 2. Comparison of Observed and Simulated Runoff after Calibration

Table 3. RMSE of Observed and Simulated Runoff after Calibration
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R-squared = 0.0069

Count

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012

Time(year)

(a) Number of Rainfall Occurrences

_{| #—@—e Total Duration(hr)
===~ Regression Analysis

R-squared = 0.0002

Total Duration(hr)

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012

Time(year)

(c) Total Duration of Rainfall Events

|| «—e—s Total Rainfall(mm)

| ===~ Regression Analysis R-squared = 0.0280

Total Rainfall(mm)

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012

Time(year)

(b) Total Amount of a rainfall Event

|| #—#—8 Average Total Rainfallintensity(mmhr)
= ==~ Regression Analysis

R-squared = 0.0205

Average Total Rainfall intensity(mm/hr)

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012

Time(year)

(d) Average intensity of Rainfall Events

Fig. 3. Characteristics Change of Rainfall Events

Table 4. Representative Rainfall Events

Event. No Rainfall Period Tot?inlrii)nfall Du(r;l;;)ion Average (Ij;lj;ljﬁil) Intensity
1 1966.07.14 00:00~1966.07.15 22:00 223.1 23 9.7
2 1987.07.26 19:00~1987.07.27 12:00 2835 18 15.75
3 2001.07.14 15:00~2001.07.15 16:00 307.1 26 11
4 2002.08.06 20:00~2002.08.07 14:00 201.1 19 10.6
5 2010.09.21 10:00~2010.09.21 22:00 258.5 13 19.8
Table 5. Stormwater Pump Station Design Rainfall (mm)
. Design Frequency
Duration
10 yr 20 yr 30 yr
10 min 25.2 28.3 30.1
60 min (1 hr) 77.1 88.0 94.3
120 min (2 hr) 110.9 126.2 135.0
180 min (3 hr) 138.0 1579 1694
360 min (6 hr) 1773 202.5 217.1
720 min (12 hr) 219.6 250.7 268.6
1080 min (18 hr) 253.8 292.7 315.1
1440 min (24 hr) 283.9 330.1 356.6
ol-gate] AIZF FEAIZ FFAPEE o]&3te] fFEwA XA AR AP AAGSAPY T AEA]
2 A Huff 22919 45 SERe] “BaeE ) ATASAE} v15E A 97 Table 63} Fig,
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Table 6. Comparison of Storm Characteristics in Representative and Design Rainfall

N Total Rainfall| Duration 10 year Flgz(ilrlllfe;hcy Design 30 year Ffr{:(illlllfe;lcy Design
(mm) (hr) Duration | Total Rainfall (mm)| Duration | Total Rainfall (mm)
1 223.1 23 24hr 283.9
2 283.5 18 18hr 253.8
3 307.1 26 24hr 283.9 24hr 356.6
4 201.1 19 18hr 253.8
5 258.5 13 12hr 219.6

Rainfall(mm)

0 2 4 6 8 10 12 14 16 18 20 2 24

Time(hr)

(a) Events 1 & 10

100

Years Frequency 24 Hours rainfall (b)

00 - I Event 3
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Event2
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Rainfall(mm)

Time(hr)

(c) Events 3 & 10 and 30 Years Frequency 24 Hours rainfall (d) Events 4 & 10 Years Frequency 18 Hours rainfall

80
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(e)

Event5
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Fig. 4. Comparison of Representative and Design Rainfall
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Fig. 5. Rainfall Hyetograph, Retarding Basin Inflow Curve and Pumping Discharge using Historical Rainfall
Events
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Fig. 6. Flooding Nodes in Upstream Stormwater Pipe Network
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Fig. 7. Flooding Nodes using Design Rainfall
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Fig. 8. Hyetograph, Retarding Basin Inflow Curve and Pumping Discharge using Design Rainfall
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Fig. 9. Relationship Between Nodal Flooding and
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