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Abstract

In this study, that the Kraven(Il) empirical formula, the existing method to estimate the time of concentration in river basin,
does not reflect the characteristics of relevant basin as it presents 3 stream velocities by section of slope was verified, and
the time of concentration for the actual average stream velocity considering the characteristics of the basin was compared
and analyzed by applying the continuous Kraven empirical formula, which was suggested recently by ‘Design Flood
Estimation Guide Line, 2012, Ministry of Land, Transport and Maritime Affairs’ complementing the stream velocities for the
easy slope and the steep slope, to the Donghwa-Cheon, the medium size river and the modality of changes in hydrograph
was examined, For the Maeho-Cheon, Wuksu-Cheon and Geumpo-Cheon, the flood runoff simulation results according to the
time of concentration application empirical formula considering the characteristics of relevant basin were compared and
analyzed and following conclusions were able to obtain.
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Table 1. Comparison of the method to estimate the time of concentration

Division Calculation method Note
1,077
Kirpich T, =3.976 W Induced formula to target agricultural watershed
L . . .
Rziha T, =0.833 - Formula that applies to the upstream section of the natural river
S™ (S=1/200)
Kraven( 1) T, =0.444 ULrlr Formula that applies to the downstream section of the natural river
SUe (S<1/200)
Formula that applies to the velocity by thee slope of the natural river
* S<1/200 : V=2.1 my!
Kraven(II) T. = 166672 >
\ * 1/200=S=1/100: V=3.0 nvs,
* S>1/100 : V=3.5m/s
Formula that applies to the velocity by thee slope of the natural river
0.01194
Continuous T — 16.667 L * Steep slope (S>3/400) : V = 4.592 — g Vi = 45m/s
. =16.667—
\
Kraven « Gentle slope (S<3/400) : V = 35,151.515S2—79.393939S + 1.6181818,
Viin = 1.6m/s

HH 53 Kraven 32 JEi= Kraven(Il) 32

3} EAS, B AT FE5S TS @

A= <Fig. 3> #23, A53 Kraven
HolA AR BEHEE <Fig. 4-0] Lushe 3
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+0.5m/50] WIS 7= A o' e

SI2EA|sS|X| ® 162 M1ZE (2014) 127



Effect of Estimation for Time of Concentration on the Design Flood

50
Vma® 4.5m/s

45 e

40 +
Q

35 1
£
> Steep slope (S>3/400)
é 3.0 4 '
v
£
]
> 25 1
<
©
o
E 20

Vo= 1.6m/s
15 -
Easy slope (553/400)
10 t t—t—t—t—111 t 1111
0.001 0.01 0.1 02

Channel slope, S

Fig. 3. Velocity distribution by section of slope for
Continuous Kraven method

Kraven(I1)i= ZAARMPE 3714 f4-8 A|Al8kaL
orm FF FAEAC] T3 W

Pty Wl o e

0.001 oot at
Mebiciary Shogs| v

Fig. 4. Relation Curve for generalized average slope -
average velocity

ofo
ol
O
2
ri O, oy Ho

12 @ e Sy b

Select the target watershed

Flood routing
by single watershed

Flood routing
by small watershed division

Watershed flood routing
(Clark, SCS, Nakayasu)

Channel flood routing
{Muskingum, Muskingum Cunge)

Watershed flood routing
(Clark, SCS, Nakayasu)

Flood runoff simulation
according to the method to
estimate the time of concentration

Flood runoff simulation
according to the method to
estimate the time of concentration

[

1

Result of flood mnoff
simulation
by the exsting
Kraven{ 11} method

Result of flood runoff
sim ulation
by the complem ented
continuous Kraven m ethod

128 Journal of Wetlands Research, Vol.

Result of flood mnoff
sim ulation
by the existing
Kraven( 11} method

Result of flood mnoff
simulation
by the complemented
continuous Kraven method

Fig. 5. Mimetic diagram of the research methods

16, No. 1, pp. 125-137 (2014)




Ki Dae, Kwon - Jun Ho, Lee - Mi Jeong, Kang - Hong Kee, Jee

pul S A gtrel ddo] AnR, Fo R W F
A712AE 2008. 5, HTFHA o FHE v 9l < Hydrology of Floods in Canada:A Guide

oA 99,55k, F=A% 20.56kn, HHAY to Planning and Design(NRCC, 1989); 5& Btz A4
15.68kno] k. 28 <Table 259 20},

dm 12

e o
ox i

Table 2. Runoff characteristics of the watershed scale

Division Small-scale basin Mid-scale basin Large-scale basin
Intensity rainfall during duration of .
. . Consistency Change Change
design rainfall
Space distribution of rainfall Uniform Uniform Change

. Consist of surface flow and .
Form of runoff Dominant surface flow Dominant channel flow
channel flow

Effect of channel detention Ignore Ignore Consideration
Basin area Less than 25 km? 25~250 km? More than 250 km?
Calculation method of flood . Included method of channel
X Excluded method of channel routing .
discharge routing
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Table 3. Approach of flood routing of Donghwa-Cheon basin

Division Single watershed Small watershed division Note
Rainfall analysis
Probability distribution Gumbel Gumbel
Time distribution Tertile of Huff Tertile of Huff
Space distribution 50% 50%
Runoff curve number AMCIII AMCII
Watershed routing Clark Clark
} ) Existing Kraven(II) Existing Kraven( II) comparison
Time of concentration .
Complemented continuous Kraven Complemented continuous Kraven analysis
Storage constant Sabol Sabol
Channel routing - Muskingum
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Table 4. Result from estimate of time of concentration of Donghwa-Cheon basin (single watershed)

Time of concentration (hr)
Distance
Mark (km) GRS B Kirpich Rziha Kraven (1) | Kraven (II) C‘I’?It;‘j;‘ls
DHO 20.8 0.0084 3.01 (1.92) 2.90 (1.99) 111 (5.19) 1.93 (3.00) 1.82 (3.20)
[footnote] () mean velocity (m/s)
Table 5. Result from estimate of time of concentration of Donghwa-Cheon basin (small watershed division)
b Time of concentration (hr)
istance
Mark (km) e £ Kirpich Rziha Kraven (1) Kraven (1II) C‘;Im:j;“s
DHI3 5.12 0.0229 1.64 (0.87) 1.49 (0.96) 0.51 (2.76) 0.41 (3.50) 0.35 (4.07)
DHI2 1.48 0.0524 0.28 (1.49) 0.12 (3.46) 0.05 (8.32) 0.12 (3.50) 0.09 (4.36)
DH12' 4.14 0.0124 3.19 (0.36) 4.38 (0.26) 1.26 (0.91) 0.33 (3.50) 0.28 (4.07)
DHI11 1.30 0.0327 0.30 (1.21) 0.14 (2.62) 0.06 (6.55) 0.10 (3.50) 0.09 (4.23)
DHI1' 5.90 0.0173 9.61 (0.17) 22.72 (0.07) 5.46 (0.30) 0.47 (3.50) 0.38 (4.36)
DH10 0.60 0.0183 0.20 (0.83) 0.09 (1.93) 0.03 (5.03) 0.05 (3.50) 0.04 (3.94)
DHI10' 2.81 0.0327 8.26 (0.09) 20.82 (0.04) 4.56 (0.17) 0.22 (3.50) 0.18 (4.23)
DH9 0.20 0.0181 0.09 (0.62) 0.03 (1.80) 0.01 (4.76) 0.02 (3.50) 0.01 (3.93)
DHY' 7.07 0.0183 832 (0.24) 17.52 (0.11) 448 (0.44) 0.56 (3.50) 0.50 (3.94)
DHS 1.70 0.0101 0.54 (0.87) 0.33 (1.42) 0.12 (3.89) 0.13 (3.50) 0.14 (3.41)
DHS' 342 0.0181 3.21 (0.30) 459 (0.21) 1.28 (0.74) 0.27 (3.50) 0.24 (3.93)
DH7 0.90 0.0068 0.39 (0.64) 0.23 (1.10) 0.08 (3.12) 0.08 (3.00) 0.09 (2.69)
DH6 2.00 0.0122 0.62 (0.90) 0.39 (1.42) 0.14 (3.88) 0.16 (3.50) 0.15 (3.61)
DH5 0.30 0.0197 0.09 (0.91) 0.03 (2.83) 0.01 (7.01) 0.02 (3.50) 0.02 (3.99)
DHS' 2.15 0.0101 3.17 (0.19) 4.95 (0.12) 1.28 (0.47) 0.17 (3.50) 0.18 (3.41)
DH4 0.70 0.0046 0.36 (0.54) 0.21 (0.94) 0.07 (2.73) 0.09 (2.10) 0.10 (2.00)
DH4' 8.47 0.0050 17.99 (0.13) 56.19 (0.04) 12.50 (0.19) 0.78 (3.00) 0.87 (2.69)
DH3 2.30 0.0040 0.90 (0.71) 0.69 (0.93) 0.24 (2.69) 0.30 (2.10) 0.34 (1.86)
DH3' 527 0.0122 38.02 (0.04) 198.33 (0.01) 34.50 (0.04) 0.42 (3.50) 0.41 (3.61)
DH2 1.20 0.0019 0.75 (0.45) 0.59 (0.57) 0.19 (1.77) 0.16 (2.10) 0.21 (1.60)
DH2' 1.76 0.0197 412 (0.12) 7.72 (0.06) 1.82 (0.27) 0.14 (3.50) 0.12 (3.99)
DHI 1.50 0.0042 0.70 (0.59) 0.51 (0.82) 0.17 (2.42) 0.20 (2.10) 0.22 (1.91)
DHI' 2.37 0.0039 2.69 (0.24) 3.76 (0.18) 1.02 (0.64) 0.31 (2.10) 0.33 (2.00)
DHO 1.50 0.0037 0.71 (0.59) 0.52 (0.81) 0.17 (2.38) 0.20 (2.10) 0.23 (1.80)

[footnote] (

) mean velocity (m/s)
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(Donghwa-Cheon basin)

gest 2.

of Donghwa-Cheon basin

Velocity (m/s) Time of concentration (hr)
Division () @) @ @
Kraven(1I) Continuous Kraven @@ Kraven(1I) Continuous Kraven @-0
DHI13 3.50 4.07 1 0.57 0.41 0.35 1 0.06
DHI2 3.50 4.36 1 0.86 0.12 0.09 1 0.03
DH12' 3.50 3.60 1010 0.33 0.32 1 001
DHI11 3.50 423 1073 0.10 0.09 1 001
DHI1' 3.50 3.90 1040 0.47 0.42 1 0.05
DH10 3.50 3.94 1 044 0.05 0.04 } 0.01
DHI10' 3.50 420 10.70 0.22 0.18 1 0.04
DH9 3.50 3.93 1043 0.02 0.01 1 0.01
DHY' 3.50 3.90 1 0.40 0.56 0.50 1 0.06
DH8 3.50 341 1 0.09 0.13 0.14 1 0.01
DHS' 3.50 3.90 1040 0.27 0.24 l 0.03
DH7 3.00 2.69 1 031 0.08 0.09 1 0.01
DH6 3.50 3.61 1 0.11 0.16 0.15 } 0.01
DH5 3.50 3.99 1 049 0.02 0.02 -
DHS' 3.50 3.40 1 0.10 0.17 0.18 1 0.01
DH4 2.10 2.00 1 0.10 0.09 0.10 1 0.01
DH4' 2.10 2.10 - 1.12 1.13 1 0.01
DH3 2.10 1.86 | 024 0.30 0.34 1 0.04
DH3' 3.50 3.60 1 0.10 0.42 0.41 } 0.01
DH2 2.10 1.59 1 051 0.16 0.21 1 0.05
DH2' 3.50 4.00 1 0.50 0.14 0.12 1 0.02
DHI 2.10 1.91 1019 0.20 0.22 T 0.02
DHI' 2.10 1.80 1 030 0.31 0.36 1 0.05
DHO 2.10 1.80 1 030 0.20 0.23 1 0.03
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Table 7. Analysis result of velocity and time of concentration of Donghwa-Cheon basin

Velocity (mv/s)

Time of concentration (hr)

Division
Minimum Maximum Average Minimum Maximum Average
Existing Kraven(II) 2.10 3.50 3.07 0.02 1.12 0.25
Complemented continuous Kraven 1.60 4.36 3.24 0.01 1.13 0.25

Table 8. Problem of applied to the existing Kraven(|l) method (V=2.1m/s)

Existing Kraven(II) Complemented continuous Kraven
Division | A(km) L(km) S Velocity Time of concentration Velocity Time of concentration
(m/s) (hr) (m/s) (hr)
DHI1 0.88 1.50 0.0042 2.10 0.20 1.91 0.22
DHO 2.61 1.50 0.0037 2.10 0.20 1.80 0.23

Table 9. Problem of applied to the existing Kraven(|l) method (V=3.5m/s)

Existing Kraven(II) Complemented continuous Kraven
Division | Ak L(km) S Velocity Time of concentration Velocity Time of concentration
(m/s) (br) (m/s) (hr)
DH9 0.05 0.20 0.0181 3.50 0.02 3.93 0.01
DH5 1.67 0.30 0.0197 3.50 0.02 3.99 0.02
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Effect of Estimation for Time of Concentration on the Design Flood

4.1 3jIME BrRERAEL

Table 10. Besin characteristics

Division Start point End point A(km) L(km)
Donghwa-Cheon Daegu, Dong-gu dohakdong Kumho River's confluence 99.55 20.80
Maeho-Cheon Daegu, Suseong-gu samdeokdong Nam-Cheon's confluence 15.03 8.05
Wauksu-Cheon Daegu, Suseong-gu uksudong Nam-Cheon's confluence 8.27 8.70
Geumpo-Cheon Daegu, Dalseong-gun nongongeup Nam-Cheon's confluence 21.10 8.18
Table 11. Result of flood runoff simulation according to unit hydrograph method - time of concentration
L L. . Kraven Kraven Continuous
Division Kirpich Rziha
@9 (1) Kraven
Time of concentration (min) 180.7 173.8 66.8 115.6 109.2
Velocity (m/s) 1.92 1.99 5.19 3.00 3.20
Peak flood discharge (m'/s) 567.8 5782 879.9 695.5 713.5
Clark
Dong Critical storm duration (min) 710 660 310 490 440
hwa
Cheon scs Peak flood discharge (m/s) 731.2 743.8 1,083.1 881.5 900.5
Critical storm duration (min) 480 440 230 330 320
Peak flood discharge (m'/s) 516.7 516.7 516.7 516.7 516.7
Nakayasu
Critical storm duration (min) 610 610 610 610 610
Time of concentration (min) 96.0 78.4 29.5 383 40.5
Velocity (m/s) 1.40 1.71 4.55 3.50 3.31
Peak flood discharge (m’/s) 118.5 129.7 192.5 174.4 170.8
Clark
e Critical storm duration (min) 400 330 150 200 200
ho
Cheon SCs Peak flood discharge (m'/s) 149.5 161.7 225.1 208.1 205.1
Critical storm duration (min) 260 250 120 140 150
Peak flood discharge (m'/s) 111.1 111.1 111.1 111.1 111.1
Nakayasu
Critical storm duration (min) 340 340 340 340 340
Time of concentration (min) 64.9 42.0 17.5 414 352
Velocity (m/s) 2.23 3.45 831 3.50 4.12
Peak flood discharge (m'/s) 61.1 73.3 101.6 73.6 78.6
Wk Clark
Critical storm duration (min) 430 300 160 300 250
su
Cheon SCs Peak flood discharge (m'/s) 89.6 103.3 126.5 104.0 108.9
Critical storm duration (min) 230 150 130 150 140
Peak flood discharge (m’/s) 60.9 60.9 60.9 60.9 60.9
Nakayasu
Critical storm duration (min) 350 350 350 350 350
Time of concentration (min) 97.8 80.5 30.2 39.0 35.1
Velocity (m/s) 1.39 1.69 4.51 3.50 3.88
Peak flood discharge (m'/s) 176.2 1924 289.7 261.7 272.6
Geump Clark - - -
Critical storm duration (min) 370 320 140 170 160
o
Cheon Scs Peak flood discharge (m’s) 216.5 2343 331.7 306.1 3159
Critical storm duration (min) 260 220 120 140 130
Peak flood discharge (m'/s) 1554 1554 155.4 1554 155.4
Nakayasu
Critical storm duration (min) 350 350 350 350 350
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Effect of Estimation for Time of Concentration on the Design Flood

Table 12. Result of flood runoff simulation according to unit hydrograph method - time of concentration

o U O.f Velocity Peak flood discharge (m’s)
Division concentration Note
(min) (m/s) Clark SCS Nakayasu
Dong Kraven( II) 115.6 3.00 695.5(490) 881.5(330) 516.7(610)
hwa : Increase in flood
Cheon |Continuous Kraven 109.2 3.20 713.5(440) 900.5(320) 516.7(610) disch
1scharge
Mae Kraven( 1) 383 3.50 174.4(200) 208.1(140) 111.1(340)
ho :
D flood
Cheon |Continuous Kraven 405 331 170.8(200) 205.1(150) 111.1(340) ecrz‘silm ©
scharge
Wuk Kraven( II) 414 3.50 73.6(300) 104.0(150) 60.9(350)
su i Increase in flood
Cheon |Continuous Kraven 35.2 4.12 78.6(250) 108.9(140) 60.9(350) disch
scharge
Geum Kraven( 1) 39.0 3.50 261.7(170) 306.1(140) 155.4(350)
po . Increase in flood
Cheon |Continuous Kraven 35.1 3.88 272.6(160) 315.9(130) 155.4(350) disch
1scharge
[footnote] () Critical storm duration(min)
(a) Velocity (b) Time of concentration (c) Peak flood discharge (d) Critical storm duration
Fig. 15. Comparison of applied to the complemented continuous Kraven method (Clark)
" — pov iy M| e
(a) Velocity (b) Time of concentration (c) Peak flood discharge (d) Critical storm duration
Fig. 16. Comparison of applied to the complemented continuous Kraven method (SCS)
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