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Development of Concentration Time and Storage Coefficient Considering
Regional Trend in Urban Stream Watershed
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Abstract

The objective of this study is to develop the equations for concentration time and storage coefficient
considering regional trend in urban stream watershed for reliable hydrological analysis. The 13 basins
located in Jungrang, Tan, Anyang, and Hongje stream are selected for the data collection and formula
development in this study. The stepwise multiple-regression analysis is used for the development considering
watershed, urban, and precipitation characteristic indices. The developed formulae are compared with the
domestic and foreign empirical formulae and evaluated the accuracy in urban stream area. It shows the
computed value from the equation developed in this study is more accurate than those from other empirical
formulae. The error sum, average error and RMSE of computed values from the developed equations in
this study are the lowest. The formulae considering the regional trend of urban stream watershed are worth
in terms of showing better results than the domestic and foreign empirical formulae. It can be concluded
the developed formulae can be useful in urban stream watershed.
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Table 1. Selected Rainfall Event Characteristics for Developing the Equations

Total Rainfall | Total Runoff | Time of Concentration | Storage Coefficient

Study Area Event 3
(mm) (m”/sec) (hr) (hr)
2009 165.75 11,409.30 2.33 2.17
Singok 2010 93.75 11,127.10 2.50 2.67
2011 70.75 8,818.50 2.00 2.00
2005 70.33 6,238.80 3.33 3.33
Wolgye 1% Bridge 2009 151.08 15,957.80 2.33 2.17
2013 46.42 10,387.20 2.83 2.67
2007 51.92 8,233.20 4.00 3.83
Jungrang Bridge 2009 188.17 37,796.00 2.67 2.33
2010 93.22 26,623.80 3.67 3.50
2011 60.63 18,693.10 3.67 3.50
2005 66.80 4,940.00 1.17 1.00
Majang 2™ Bridge 2006 35.50 3,262.70 1.33 1.17
2013 74.92 4,727.90 1.00 1.33
2008 69.00 6,041.50 2.17 2.00
Gungnae 2010 104.00 6,177.70 1.83 1.50
2012 157.50 12,229.20 1.67 1.83
2007 59.67 14,861.00 3.50 3.33
Seongnam 2008 85.00 17,386.50 3.33 2.83
2012 121.67 33,520.80 3.00 2.33
2008 85.00 18,721.50 3.17 3.00
Daegok Bridge 2012 68.75 18,978.00 2.83 2.33
2013 113.42 29,458.40 2.67 2.00
2007 47.00 6,191.80 2.83 2.33
Anyang 2010 90.00 9,267.50 2.17 1.83
2012 127.67 16,745.90 2.17 2.00
2009 89.50 13,178.57 3.00 2.33
Siheung 2010 165.50 20,131.70 2.83 2.33
2012 90.75 11,903.28 3.00 3.00
2009 58.25 3,847.10 1.33 1.67
Cheonwang 2011 85.25 4,090.90 2.00 2.17
2012 135.25 7,495.10 1.33 1.83
2009 150.67 32,079.50 3.17 3.17
Gocheok Bridge 2010 159.92 41,337.40 3.17 3.00
2012 84.67 19,862.00 3.67 3.67
2007 59.25 13,585.40 4.17 3.50
Sinjeong 2009 154.25 46,551.60 3.17 3.17
2012 73.83 17,518.70 3.67 3.33
Seongsan 2™ Bridge 2012(1) 100.73 3,119.00 0.83 1.17
2012(2) 80.63 1,827.30 1.00 1.33
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Table 2. Watershed Characteristic Index Values

Study Watershed Stream Stream Watershed Shape
Stream Study Area Are? Length Slope Slope ngctor2
(km®) (km) (m/m) (%) (km“/km®)
Singok 83.88 10.07 0.0065 18.00 0.56
Wolgye 1% Bridge 140.90 22.04 0.0039 19.00 0.22
Jungrang -
Jungrang Bridge 204.75 27.15 0.0032 17.20 0.21
Majang 2™ Bridge 45.40 11.09 0.0103 11.60 0.37
Gungnae 76.89 12.67 0.0047 20.40 0.30
Tan Seongnam 202.21 24.39 0.0033 19.50 0.24
Daegok Bridge 202.71 25.30 0.0033 19.50 0.23
Anyang 110.99 13.60 0.0052 21.00 0.40
Siheung 133.90 19.55 0.0040 20.40 0.24
Anyang Cheonwang 40.61 11.37 0.0040 12.50 0.33
Gocheok Bridge 238.65 25.10 0.0034 17.10 0.28
Sinjeong 239.78 25.78 0.0034 17.00 0.28
Hongje Seongsan 2" Bridge 19.02 7.76 0.0107 27.30 0.16
Table 3. Urban Characteristic Index Values
Study Imperv'ious Area Ratiq of Shape Eactor of Slope qf
Stream Study Area Ratio Sewer Pipe Sewer Elpe 2Area Sewer Pipe
(%) (%) (km“/km") (m/m)
Singok 23.82 21.44 1.96 0.044
Wolgye 1* Bridge 32.80 27.82 0.50 0.040
Jungrang -
Jungrang Bridge 44.18 33.87 0.44 0.044
The 2™ Majang Bridge 79.07 72.19 1.00 0.063
Gungnae 34.86 37.67 1.05 0.036
Tan Seongnam 44.75 32.35 054 0.035
Daegok Bridge 44.82 32.92 0.50 0.035
Anyang 46.08 37.96 0.92 0.047
Siheung 48.18 37.65 0.53 0.043
Anyang Cheonwang 4778 55.53 0.39 0.040
Gocheok Bridge 53.01 40.69 0.50 0.044
Sinjeong 52.24 40.92 0.48 0.044
Hongje Seongsan 2™ Bridge 46.97 49.42 0.34 0.085
o) M2 el gola, BURAFE Bigol A 3 FRAAR W} NRCS-ON $He AHgste] 93
Aol de AHe] FAATFE ovlsh, dLAHARE SARE AFYaE stk aela SRS
ool EAlsh= o] HdALE ALk grolt el A O3S Tl eae EEkslth HE
AEAAE A AR 607 ESA] skl B o] AHEE QAFEe] FoEHE(p value)o] 0053
A, BRG] BASY, FESG WA o A3, A4S Aols] A4 (Collinearity)e] EA3HA
o $43%E At o= A(VIF= 10.0) o)A 817149) 2R AR Determi-
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Table 501 AIXH A= FW4, L G294, Ssv =274
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B A(].397
TTF/ =0.698 Sg().245RL(],27SB(].213 (6)
A 0.211
K=0.558— e )
550.38 RLO.Z 3};[0.165

A7A, T =AM, K& A/, A= 79

Urban Characteristic Index

Time of Concentration Storage Coefficient

Characteristic Index g?);iii‘:; Characteristic Index (égzrfgiit;;
Watershed Area 0.889 Watershed Area 0.819
Stream Length 0.875 Stream Length 0.810
Stream Slope 0.750 Stream Slope 0.728
Shape Factor 0.373 Shape Factor 0.357
Watershed Slope 0.146 Watershed Slope 0.082
Area Ratio of Sewer Pipe 0.553 Area Ratio of Sewer Pipe 0.531
Slope of Sewer Pipe 0.526 Slope of Sewer Pipe 0.477
Shape Factor of Sewer Pipe Area 0.320 Shape Factor of Sewer Pipe Area 0.338
Impervious Ratio 0.254 Impervious Ratio 0.281

Table 5. Result of the Multi-Regression Analysis
Time of Concentration Storage Coefficient

Index R p~Value VIF Index R’ p-Value VIF
A 0.8 .000 1.00 A 0.69 .000 1.00
L 0.74 .000 1.00 L 0.64 .000 1.00
Ss 067 000 1.00 Ss 067 .000 1.00
A-L 0.85 992 7.35 A-L 0.69 287 7.35
A-Ss 0.87 005 2.1 A-Ss 0.75 .000 2.7
A-Ss—Ro 0.89 014 2.80 A-Ss—Ro 0.77 .036 2.80
A-5s-Sp 0.87 184 492 A-5s-Sp 0.77 055 492
A-Ss—RL.-P, 0.9 .000 2.83 A-Ss—Ri-P 0.82 004 2.83
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Table 6. Empirical Formula for the Time of Concen-
tration

Name Formula
Kirpich (1940) 7,= 0.0663L"775 %
Rziha T, = 0.0139L Ss—o.a
Kraven (I) T, = 0.0074L 571

Jeong (2005) 7= 0.119L0777g 0212

&l (D A S D AS5ke] vaE Sl
AHEEE Fig. 690 AAEATE w9l F 3452 Clark
(1945), Linsley (1975), Sabol (1988), Jeong (2005), Yoon
(2005)% /\}%0}"3@ Table 8). Clark (1945)%} Linsley
005)¢] 79 Al A= CeF b7F AFEH=d| o] gk &
%%k of 74 7]'@74] A= Al AFEE o, C=
0.5, b= 0.01= 7}740}' Ak Sabol (1983)2] 49 AF4+
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3 % WL 45° Aol 71
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Hl gl wf oF 1.020) 2chibg shdck =ie] H 32
Clark (1945), Linsley (1975), Jeong (2005), Yoon (2005)
oA o Aoabdstal des & AL B
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Table 8. Empirical Formula for the Storage Coef-
ficient

Formula
K=CLS " | C:05~14
b : 0.01~0.03

Name
Clark (1945)
Linsley (1975)

K= bA UASLSS—OAS ,
T,

Sabol (1988) K= —

1.46—0.0867(L%/A)

K=152111 0.26358—0.120

Jeong (2005)

Yoon (2005) 7,=1.084°9 10165012 Yoon (2005) K =1.8914"1087,017
Table 7. Error Analysis of the Time of Concentration
Eauati Error Sum Min. Error Max. Error Ave. Error RMSE
dration (hr) (hr) (hr) (hr) (hr)
This Study 12.25 0.00 0.76 0.20 0.26
Kirpich 160.40 0.23 5.02 2.67 2.97
Rziha 286.31 0.37 9.18 477 554
Kraven (I) 27.67 0.01 0.90 0.46 0.59
Jeong 67.95 0.07 2.56 1.13 1.27
Yoon 147.17 1.71 3.22 2.45 2.48
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Table 9. Error Analysis of the Storage Coefficient

Eauati Error Sum Min. Error Max. Error Ave. Error RMSE

dHation (hr) (hr) (hr) (hr) (hr)

This Study 17.47 0.03 0.93 0.29 0.35

Clark 420.13 1.00 12.58 7.00 7.95

Linsley 115.68 0.01 4.54 5.73 2.40

Sabol 19.79 0.00 0.83 0.33 0.39

Jeong 27.84 0.02 1.16 0.46 0.55

Yoon 171.24 1.94 3.98 2.85 2.89
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