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A Development of Method for Surface and Subsurface Runoff Analysis

in Urban Composite Watershed (II)
- Analysis and Application -

3% 8 /ol A =
Kwak, Chang Jae / Lee, Jae Joon

Abstract

In this study (II), the module developed in the previous study (I) has been tested on application and
numerical stability. The runoff module was compared the result of analysis with two different models
(FFC2Q and Vflo™) considering characteristic of infiltration. To examine the application and stability of
developed module, runoff aspect was simulated under the variety case of rainfall intensity, effective soil
depth, elapsed time. The development module was presented typical type of infiltration process looking
physically, the different of saturation point on soil type, and characteristic of soil type. Also, the module
was reflected in the runoff feature about rainfall intensity and time distribution. Finally, this paper drew
a conclusion that result of rainfall-runoff analysis as compared with difference models (FFC2Q and Vilo™)
has a high accuracy.

Keywords : surface runoff, subsurface runoff, soil layer, application, stability
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Table 1. Comparison with Method and Results of Runoff Analysis
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Detail Process

HyGIS-GRM

Vilo™

DEM
(200m by 200m)

Flow Direction

Flow Accumulation

Watershed and Outlet
Point

Grid of Runoff Analysis

Results of Runoff
Analysis

fEsM 2ot

REms)

——GRM
~=-Vflo

Al ZHhr)

13

ol
e

b Mr o o
o e
&Rlo
—ﬁl‘m

2

10%%] H-ofato] F-a&
NEREANAN TP T8
EJ flal NRCSellA ?L-rf?}
of Wt EYEE A B C DF
| etk 2 A Table 2~

BEKERBEMNE



Table 2. The Input Parameters of Empirical Horton’s Equation for Soil Type (FFC2Q =2 &)

Soil Type NRCS Soil Type
Parameters A B C D
Ultimate Infiltration Capacity Fc (mm/hr) 25.4 12.7 6.4 25
Initial Infiltration Capacity Fo (mm/hr) 254.0 203.0 127.0 76.0

Source : The Illinois Urban Drainage Area Simulator (1974)

Table 3. The Input Parameters of Theoretical Green-Ampt’s Equation for Soil Type (Vflo'™ = &)

Soil Type NRCS Soil Type
Parameters A B C D
Hydraulic Conductivity (cm/hr) 11.78 0.34 0.10 0.03
Wetting Front (cm) 4.95 8.89 20.88 31.63
Effective Porosity 0.417 0.434 0.309 0.385
Soil Depth (cm) 100 40 35 25
Initial Saturation 0.08 0.12 0.17 0.21

Source : Rawls, Brakensiek, and Miller (1983)

Table 4. The Input Parameters of Developed Module for Test of Accuracy this Study

Soil Type NRCS Soil Type
Parameters A B c D
Hydraulic Conductivity (cm/hr) 11.78 0.34 0.10 0.03
Soil Depth (cm) 100 40 35 25
Effective Porosity 0.417 0.434 0.309 0.385
Initial Depth (cm) 8.0 4.8 5.95 5.25
Source : Rawls, Brakensiek, and Miller (1983)
AelH 914z e dolzla ek WA A7 @ A5l 2 UEhkow, 44 A4H o hashs
e ARSIk AEA13e] 1971 ~2009d 714 €] 31 FAIE Fig. 13 2ol 2 yehlar gl 7o 27]+=
o - AmE o]&ste] WA AAEHL EA A3, BE, CY, DY o2 A7]7} Zol|= AF Al 34
o] Akl Al Ag wfjr o] mEAkS ALy = Btk 5kl wet Trﬂ FraEzd-ol ogh -
alo] A EAZHS 18002 At} el A fr& EAAR] Fig. 29 f&7 A9 fFE2FEa3as
ol ogh A sgal =ik ofe}l A FrEAEE 4 B 29 Yl 7P Oﬂ«l 4712 EFge] disl] o
al7] flste] vlaA & A 71ZF 100l ek - AotA ek o, HFRrEde] AT 2719 dedl
1892 mmE 747} B.o] Y= ARg-shleh w24 D¥, C¥, BY, A% o= 443 L& 7 Yepd=
of AIRMAQI WstR = A diY T ANIET) 2 & g Stk
Huff 22912 4838} th Figs. 1 and 2+ Horton 7 &4 Figs. 3 and 4= Green-Ampt ©| 220 & A Fe|A&
o7 HEHXE AAIBHE FFC2Q B89 Z5—FE84 AAERE VoM d el A& dutE Uehus
A3} Horton®] F-Fal4ol ofal AHd A7t 7= AW it =L FET AR FEFESAS 4
7

=}
T AR FEREFUOR A £AT Aol

Horton 7 &2]2] %71

454 19k 20124F 1]

57



Yol v]af A os Tl T =84
o] FAU Fit FE17} AF LA
3 B, C&, DIl tisiAe= Al
Za19] A719 FErt fAreA UER
B ule} o] F-ET A He FEFEIA T
B4 AGE AlQlslas fAkI o, 11 A7]E 1)
vERgTh 2 Figs. 3 and 49 2725 Vilo™
£33 B, C Dol tisiae 7] o8E A=
ko B Ao e &0l

3
=
EA) ok QUFAQ) FEAAe] A gAel BA
o
=
LS|
.
[}

riu
Y
Jm

[e)
e

iy
=

E}
o, 5o
=
=

o
_E]T':

=

[

—
_

1/
o

gk Fi

(i3
£ o H

oft

o> flo
ot
[e]
N
o
m
X2
£
=
2
ko
ot
Lo
o
o o
o oo

[EuT O

o
o
ot
i
o
N
v
o
T

Bato] UET frofu) wAE Holeral 427 Agel
FEPERA @ AnkE AT Holt).

2
Fig. 5014 1= vlo} o] Eakale] SRuw AW
A 557t Agow Frleldsl 9 w3 = o

1o
ol
4y
=
K
>
>
>
ol
5]
o
N,
™
0%
i,
o,
2
ke
o
=
o
=t R
o%

HSoil A
1 Soil B

Infiltraion (mm)

i Soil €
H50il D

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Time (min)

25

20
= -4 S0il A
5
= —#-50ilB
g 15 .
a ~#—S0il C
£ ——S0ilD
c
3
-4
o 10
-
g
3
>
4

5 |

0

0 50 100 150 200 250 300
Time (min)

Fig. 1. Infiltration of Empirical Horton's Equation
(FFC2Q)

Fig. 3. Average Runoff-Depth on Theoretical
Green-Ampt’s Equation (Vflo™)

25

~
=3

—+Soil A

-
o

-8-50ilB
~+-S0ilC

—50ilD

Runoff Discharge (m3/s)
=
=}

0 50 100 150 200 250 300

Time (min)

40

e
?W - Soil A
Eu —8—Soil B
s —i—Soil C
x
H e
_§ 20 Soil D
=
% 15
=
3
-3

10

5

0

0 50 100 150 200 250 300
Time (min)

Fig. 2. Runoff Hydrograph on the Fictitious Basin
(FFC2Q)

58

Fig. 4. Runoff Hydrograph on the Fictitious Basin
(Vilo™)

BEKERBEMNE



oAM= AT AN AEREe] 27 9 fF

S0 eyl E9kd WE teksh Yehten 1

7)ok AN E B SGAE F nolFolh
Table 5= 7} v)al AR oA ALl = A

=
A PAE olgale] HEH FET AMe] FEFE

0 50 100 150 200 250 300

Head (cm)

-100 -

-120

—+—5oil A —8—50ilB ——S0ilD

—+—5o0il C

-+ Soil Depth(A)

== =-50il Depth(B) Soil Depth(C) Soil Depth(D) ====Surface

Fig. 5. Head on the Developed Module (this study)

5

20

—+Soil A
—#-50ilB

Soil C
——Soil D

Runoff Discharge (m3/s)

0 50 100 150 200 250 300

Time (min)

Fig. 6. Runoff Hydrograph on the Fictitious Basin
(Developed Module)

Ao AFHEHS Aeu g Zolth AFFE%e] 2
7]+ Figs. 2, 4 and 601419} B nle} o] Hulx oz
Vilo™e] 7} ZA YEhgton FRC2Q, /I &2 <=
o % Yehyr) Fig. 72 Table 59 A2 E943
wo}o% =X sl

:fl)l:t

o)

=
=
c
o
o
&

O
e
0% o
ot mg‘
o
o Jm f)‘fl
= &
E os)
o O
e
Mr 2

ol

+ ofl
it
=)

>}EIo_.>i:(0_>.:n

T

A E S
A AR, FFC2QRE
Fo A Uepten, VﬂoT“Eﬁé
o] eh A ¥ AR Alelstals VTR
155 Aold] we 548 BeFx
28 H*”Uri‘n Uehd HE
o By W

ot
9
>

o2
oft
2

JQHT“W-E
E

ol

[¢]
-

Loy =
£ o B

o

0,

o

M

e

m
1o

]

T
o
>

o 30

rl
rII,
s
X
i3

J[m i

2

N

i

T
u)
e AT

o O
ofl
A

£ A9 6w
Bl

QAo QA FEIAA e 5
o

o} webA 2 e )
ol

o
=
ot
i
K
rir
> FI-E
re
= JA
1o
=
i)
N }-‘U

it

o
Mo Lo
2 N
3% o
i)
i
L

X

o rir
o
ot iU m

)
=

2
T
=
=
=
oz
3l
oft
e
2
z
2
oy
Ho
|
%
i
o,
X
2
=2
o

ox jm e ot
tob Ao
IR
rlo
“11

[¢]

oW

AoA A BES Aol A8l 9
of At A PPYS Bk

)
i)
I
it

Table 5. Comparison with Peak Runoff Discharge and Peak Time

Peak Runoff Discharge (m%/s)
Classification Peak Time of Runoff Discharge (min)
Soil Type A Soil Type B Soil Type C Soil Type D

10.966 15571 20.075 23.062
FFC2Q prrmmmmmmm o

130 130 130 130

0.000 35.490 36.730 37.450
A1 Y B e s S e

0 90 90 90

0.002 6.269 16.074 16.957
Developed Module(this study) |-

188.0 136.8 985 91.3
A4S H198 20124 1) 59
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Table. 6 Runoff Results for Design Rainfall Case
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