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Summary

There were limits to apply the flood discharge calculation method, which is
domestically applied, directly in the streams of Jeju Island that has different
hydrological - geological characteristics from interior lands and the characteristics of
Jeju Island are not being reflected because domestic methods are being directly
applied Jeju Island stream master plans. In this study, discharge characteristic
parameters are deducted based on scene observation data during rainfalls to
calculate the flood discharge of Jeju Island streams.

Subject to Jeju Island Han Stream 2nd Dongsan bridge during runoff, mobile
microwave water surface current meter, LSPIV, and ADCP were used for
discharge observation and the mean areal rainfall was applied by developing the
isohyetal method by transforming the Thiessen polygon method. Initial abstraction
of NRCS-CN method to calculate effective rainfall was estimated by using

observations(Z, =0.45), and mapping analysis was used to deduct Muskingum
parameters K, z. By setting the range of Clark unit hydrograph parameters(7,, K)

and runoff curve number CN, the optimum combination(discharge after no rainfall:
CNII, KravenIl, Sabol, discharge after antecedent rainfall: CN55, KravenIl, Sabol)
was calculated.

Results were deducted by categorizing events of discharge occurring after no
rainfall and after antecedent rainfall. Calculating discharge by the method used in
existing stream master plans and the method applied in this study, mean areal
rainfall reduced 3.7~8.19%, time of concentration by Clark wunit hydrograph
method(Tc), peak leakage by discharge constant(K) each reduced 2.42~6.87% and
12.5~28.3%, and it was analyzed that total abstraction had increased about 25~
35% due to initial abstraction(I, = 0.45).

To calculated flood discharge of Jeju Island streams more accurately in the
future, it is thought that development of various parameter deduction equations
reflecting hydrological characteristics of Jeju Island and stream discharge

characteristic analysis based on basic data is required.
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Fig. 1.1 Runoff zone defined for the water—-budget calculation on the Island of
Hawaii(USGS,2011)
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1.1.2 HEC-HMS 23
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Data Manager, Paired-Data Manager, Grid Data Manager &3 &7 AF&%t} 2
ATNM = TdelA 71 dubd oz AL AT AN 7|2 A gl A AL
¥ HEC-HMS RS ol gste] AF% st Frqads s

(1) Basin Model
Basin Model2 HE

C-
SN R FFIT FANA FEANBPL A FESH E2A,

4F Green and Ampt, Gridded Green and Ampt, Gridded SCS Curve Number,
SCS Curve Number S°] 93, @=L Clark Unit Hydrograph, Kinematic
Wave, ModClark, SCS Unit Hydrograph, Snyder Unit Hydrograph &°] 3L, 7]
AvE% AA9UH-S Constant Monthly, Linear Reservoir, Nonlinear Boussinesq
50| o, TFFAMHLS Kinematic  Wave, Lag,  Muskingum,
Muskingum-Cunge %°] th HEC-HMS =& FE&A e +4<S Table
2.201 YER AT

Table 2.2 Discharge calculation method of HEC-HMS model(HEC, 2000)

FrEAANTRA FFEASEHY
Deficit and Constant, Green and Ampt
B 2l Gridded Deficit Constant, Gridded Green and Ampt
e Gridded SCS Curve Number
Initial and Constant, SCS Curve Number &
el Clark Unit Hydrograph, Kinematic Wave, ModClark
I, SCS Unit Hydrograph ,Snyder Unit Hydrograph &
A5 % e Constant Monthly, Linear Reservoir
e Nonlinear Boussinesq %
[ Kinematic Wave, Lag, Modified Puls
e Muskingum, Muskingum-Cunge 5




(2) Meteorological Model
Meteorologic Model== HEC-HMS uWl¢] 7|4A5E FA4dsts 93-S sioh 714

Az o= 7F$-(precipitation), & - evapotranspiration), 873 (snowmelt) 3]

3ol drt. w3 A EE AR 98T Fx Y HEC-19 A AZA A~

(DSS :Data Storage System) fileZFH &eje} AT % dt) 71425 €
Al F9-H-ELS Frequency Storm, Gage Weights, Gridded Precipitation, Inverse
Distance, Specified Hyetograph %2 #®HHol Qlx Zwik B ELS  Gridded
Priestley-Taylor, Monthly Average G&° oW, §4 FELS  Gridded

Temperature Index, Temperature Index’} 9t} 7| A& 5 42 Al ALEstE A4t

WS Table 2.3 UERSIT

Table 2.3 Weather data calculation method of HEC-HMS model(HEC, 2000)

713 A& A2k
Frequency Storm
Gage Weights
Gridded Precipitation

Inverse Distance
Specified Hyetograph

Standard Project Storm
Gridded Priestley-Taylor

= Wk Monthly Average

Priestley-Taylor
Gridded Temperature Index

Temperature Index

(3) Control Specifications

Control Specifications= HEC-HMS =& AZAIZH Ixt FaAE @4
Bol AR AA 5 ARt dEEs RS §EEt HEC-1dA = =29
S A3t it 2dge BAFE BE ASE 5§ AEd(data set) &2 Y
af o3t x vk HEC-HMSol A1 2] Control Specifications® &2z o] F+AS HA &

F AthmEd HEC-HMS+= A7]7bol] 23 A& Zel =741 5oV} 7l st}
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1.3.2 Green-Ampt
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Table 2.4 Green—-Ampt model parameters by soil(Yoon, 1999)

coen SEE FEFIE | =wddd | SaA+ K

(0,) (0,) FAFFY (cm) (cm/h)

Sand 0.437 0.471 4.95 11.78
Loamy sand 0.437 0.401 6.13 2.99
Sandy loam 0.453 0.412 11.01 1.09
Loam 0.463 0.434 8.89 0.34

Silt loam 0.501 0.486 16.68 0.65
Sandy clay loam 0.398 0.330 21.85 0.15
Clay loam 0.464 0.309 20.88 0.10
Silty clay loam 0.471 0.432 27.30 0.10
Sandy clay 0.430 0.321 23.90 0.06
Silty clay 0.479 0.423 29.22 0.05
Clay 0.475 0.385 31.63 0.03

1.3.3 NRCS-CN E3
(1) NRCS-CN

P=(P-1) (2.9)

F=(P—-1)-Q (2.10)
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Fig. 2.5 Concept map of Snyder synthetic unit hydrograph (Yoon, 2007)
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Fig. 2.6 Dimensionless hydrograph of NRCS(Yoon, 2007)

Table 2.8 Value of NRCS dimensionless hydrograph according to time(Yoon, 2007)

t/tp Q/Qp t/tp Q/ Qp t/tp Q/ Qp
0 0.000 1.1 0.990 2.4 0.147
0.1 0.030 1.2 0.930 2.6 0.107
0.2 0.100 1.3 0.860 2.8 0.077
0.3 0.190 14 0.780 3.0 0.055
04 0.310 15 0.680 3.2 0.040
0.5 0.470 1.6 0.560 34 0.029
0.6 0.660 1.7 0.460 3.6 0.021
0.7 0.820 1.8 0.390 3.8 0.015
0.8 0.930 19 0.330 4.0 0.011
0.9 0.990 2.0 0.280 45 0.005
1.0 1.000 2.2 0.207 5.0 0.000
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(b)
Fig. 2.13 Observation of discharge using a Microwave Water Surface Current Meter:

a) Principle of Microwave Water Surface Current Meter; b) Commercialized mobile

Microwave Water Surface Current Meter (Mutronics MU2720)
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Fig. 2.15 Observation of discharge using ADCP: a) Principle of ADCP ; b) ADCP
equipped with 9 beams (SonTek RiverSurveyor M9); ¢) Management of ADCP in scene
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Fig. 3.2 Altitude and slope analysis of Han stream watershed
W foe Eae A, ¥ 200melst Ade §o AAe 1276%F A

m A 9-& 37.97%, 600~1000m A 9-& 22.83%, 1000me] el |
92 2644%=Z A F A (Table 3.2).

Table 3.2 Altitude analysis result of Han Stream watershed

[e] [e] l_l:-zq — [e]

g9 EREE H & o o S
(m) (km?) (%) T (%)

(km?)

< 200 4.5 12.76 4.5 12.76
200 ~ 600 13.39 37.97 17.89 50.74
600 ~ 1000 8.05 22.83 25.94 73.57
1000 < 9.32 26.44 35.26 100

A e A 24 d¥yE By, 5ot HRkA S A A 9] 23.06%,
5~10°%1 A= 49.83%, EA Y] &8 %7F =& AAF 20°0]8F A2 83.35% =
A 5 U eH(Table 3.3).



Table 3.3 Slope analysis result of Han Stream watershed

o o o o) lT:-Z—] A o)
AAE S R B & ¢ o1 A H&
I il
°) (km?) (%) B (%)
(km?)
<5 8.13 23.07 8.13 23.06
5710 9.44 26.76 1757 49.83
107 15 752 21.33 25.09 71.16
15 7 20 4.3 12.2 29.39 &83.35
20 < 5.87 16.64 35.26 100

e 9l @ ¥ 9 @

EEE (EL.m) 2| & & (Slope.m)

0-200 0-10

200 - 400 % 10-20
[ 400 -700 ) []20-30
[ 700 - 900 . [ 30 - 40
I 900 - 1100 ! I 40-45
[ 1100 - 1300 N Bl 45 - 55

[ 1300 - 1500 8 I 55 - 60

' [ 1500 - 1700 o N I 60 - 70
I 1700 - 2000 e 8 I 70 - 85
[ ] No Data [ ]NoData

9 0 9 18 Kilometers 9 0 9 18 Kilometers

Fig. 3.3 Altitude and slope analysis of Oaedo stream watershed
AEH F9o TuEA Ax & 200molst A9 F9 AA 96%= AA

shal 9lal, 200~600m A 92> 17.45%, 600~1000m #| &> 32.08%, 1000me] d<l A
o2 40.88% = A = A tHTable 3.4).



Table 3.4 Altitude analysis result of Oaedo Stream watershed

4
AR fred 3 H] & e A H&
(m) (km?) (%) (%)
(km?)
< 200 4.1 9.6 4.1 9.6
200 ~ 600 745 17.45 11.55 27.06
600 ~ 1000 13.69 32.08 25.24 59.12
1000 < 17.45 40.88 42.69 100
Q=M oo AL A AdE BW, 50015t Hekx g AW A 25.06%,
5~10°%1 A= 56.88%, EA 9] &8 %7F =& A 20°0]8F A2 83.30% =

A 5 U eH(Table 35).

Table 3.5 Slope analysis result of Oaedo Stream watershed

[ [o3e - [e) —‘T—'—Z:] A o)
BAME Y 993 H & o o1 o 7 A H&
T il
() (km?) (%) h (%)
(km2)
<5 10.7 25.07 10.7 25.06
5710 13.58 31.81 24.28 56.88
107 15 6.98 16.35 31.26 73.23
15 7 20 4.3 10.07 35.56 83.3
20 < 7.13 16.7 42.69 100
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Table 3.6 Rainfall of typhoon "Muifa” by observed points before 5 days of

rainfall(mm)
A A A ol-g oy & AALE ZR= s
Y 1¥ 15 21.0 1225 218.5 154.5
Y 2 0.0 0.5 15.0 27.0 195
84 3¢ 0.0 0.0 0.5 7.0 9.0
84 4 0.0 0.0 0.0 0.5 0.0
84 5 0.5 0.5 0.0 0.5 1.0
HS “Folu” 2 st {FF TA Alde olFd AAIEAEAEAGA )G

LSPIVE #83le] 5 32 A7 w92 #=agrhFig. 35). 49 F9:
Aoz BYstn GEA A% FAUS771E ol gate] Ags
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Fig. 3.6 Measurement of 2nd Dongsan bridge cross section
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Fig. 3.7 Flood discharge hydrograph of typhoon "Muifa”
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Fig. 3.8 Picture of heavy rainfall scene in November
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Table 3.7 Rainfall of typhoon "Khanun” by observed points before 5 days of

rainfall(mm)
A A A o}z & AMLE gHT
74 13¢ 21.2 135 185 32.5 33.5
7E 14 4.9 55 275 52.5 50.5
74 15¢ 0.0 11.0 295 48.5 42.5
74 16¥ 0.1 05 0.0 0.5 0.0
7E 17¢ 74.0 63.5 43.0 61.5 64.5
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Fig. 3.10 Flood discharge hydrograph of typhoon "Khanun”
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Fig. 3.11 Flood discharge hydrograph of heavy rainfall in April 2011(2nd

Dongsan bridge-stationary)
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1.1.1 Thiessen ¥ & °o| &3 FI9HTF A5F A4A

At #AZF49] AR5E o] &stder, ddFgS AT, 7%, oddE, SiA
SF #A=F4A ABRE o] E3AY. AWS #H=4 Thiessen th4d ] H2 S Table
429} 2t

Fig. 4.1 AWS Thiessen polygon method graph of Jeju weather center

Table 4.2 Thiessen polygon are according to AWS observation point

FA% 9 (m’) A=A HH(m”)
2527 ga o2y | we | "4 o9Fd | A | oW
A (m?) (%) L1009 (%)
Al 3,078,178 8.39 485,450 1.09
o}z} 9,199,844 25.08 - -
ol g & 14,770,753 40.27 7,781,798 64.54
et - - 28,702,089 17.50
Zl ket 6,306,291 18.55 - -
SUA 2. & 2,826,841 7.71 7,502,933 16.87
oA 36,681,907 100 44,472,269 100

rol

A9l Thiessen T2t WA 2 og]s AWS A=A 4o] 4027%=2 7Hd &



& o s w Ao glom ofz} AP o7 = HES AA s Utk 9=
99l Thiessen B2ty WA ofg & A Ho] 6454%= 7HY B2 JFES v A

A doeH, F S E £oR w2 &S AASE AoR Yy

Table 4.3 Mean areal rainfall using Thiessen method

78 A FHARFH(mm) | Y E=EHFS(mm) H] i1
2011.08.01 - 08.10 629.59 680.72 B & “Sol9”
2012.04.15 - 04.24 328.47 311.47 A535
2012.07.15 - 07.24 341.25 346.93 H S “Ihe”
2012.08.22 - 09.02 1,093.65 1,076.54 B F “Eebdl, vl
2012.09.11 - 09.20 717.65 680.77 B E “Aba}”

Thiessen polygon method
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Han stream watershed
Qaedo stream watershed

. m/\
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Mean aerial precipitation(mm)
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Thiessen polygon method

——Han stream watershed

——0Oaedo stream watershed
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Thiessen polygon method
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Fig. 4.2 Mean areal rainfall by heavy rain concept using Thiessen method
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Table 4.4 Rainfall according by year in observed point (mm)

4= A5 of 2} ol & g | AT | JALE
2008 1,305 1,756 2,167 2,167 3,224 2,576
20094 1,296 1,692 2,373 1,668 4,468 4,411
20104 1,585 2,367 4,016 2,281 6,455 7,562
2011 1,479 2,197 3,737 1,922 6,454 5,617
20124 2,248 3,462 4,452 2,809 7,319 6,762
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Fig. 4.3 Rainfall chart shown high in upstream direction of water shed
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Fig. 4.4 Rainfall chart shown high in downstream direction of watershed
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Fig. 4.5 Rainfall chart shown high in left and right direction of watershed
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Table 4.5 Mean areal rainfall using isohyetal method

™
K

A 3+ 9 (mm) Y=+ 9(mm)

]

2011.08.01 - 08.10 599.29 633.62 HF “Folu”
2012.04.15 - 04.24 307.03 288.99 HAF39

2012.07.15 - 07.24 320.59 324.15 2R

2012.08.22 - 09.02 1,034.25 1,017.10 B “Eohdl dinl”

2012.09.11 - 09.20 685.85 633.41 B E “Akup”

Isohyetal method
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Isohyetal method
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Table 4.6 Error according to calculation methods of mean areal rainfall(Han Stream)

Thiessen AeHAH A Thiessen-2t& ¥ ¥ | Thiessen-5$41
(mm) (mm) (mm) 2 ZFH(%) 2 2H%)
1.05 1.08 1.00 -2.86 476
2.24 2.20 1.99 1.79 11.16
3.05 3.70 3.13 -21.31 -2.62
3.52 3.42 3.60 2.84 -2.27
5.15 4.90 5.26 4.85 -2.14
7.08 8.26 6.11 -16.67 13.70
7.69 12.78 6.05 -66.19 21.33
8.80 11.12 9.32 -26.36 -5.91
10.89 9.30 9.66 14.60 11.29
14.48 13.62 14.31 594 1.17
16.04 17.78 14.42 -10.85 10.10
19.04 21.46 19.33 -12.71 -1.52
22.77 24.98 23.41 -9.71 -2.81
26.47 26.30 26.52 0.64 -0.19
31.54 32.26 32.02 -2.28 -1.52
35.28 36.20 33.28 -2.61 5.67
39.97 39.50 38.90 1.18 2.68
47.80 48.88 46.55 -2.26 2.62
58.31 53.40 56.43 8.42 3.22
66.68 65.38 62.15 1.95 6.79

Table 4.7 Error according to calculation methods of mean areal rainfall(Oaedo Stream)

Thiessen AeEHAH A Thiessen-2t& ¥ | Thiessen-5 %4
(mm) (mm) (mm) 2 2}H(%) 2 (%)
1.01 1.40 1.23 -38.61 -21.78
3.83 2.50 2.94 34.73 23.24
6.33 3.38 5.06 46.60 20.06
8.10 6.00 6.68 25.93 17.53
11.44 13.98 11.66 -22.20 -1.92
14.79 13.13 14.90 11.22 -0.74
1543 13.70 14.20 11.21 797
16.55 17.30 15.82 -4.53 441
21.63 17.20 19.04 20.48 11.97
24.25 24.38 24.33 -0.54 -0.33
25.23 21.00 22.41 16.77 11.18
30.14 32.20 30.67 -6.83 -1.76
35.97 31.58 31.95 12.20 11.18
40.77 39.23 40.06 3.78 1.74
48.60 47.10 47.49 3.09 2.28
54.09 55.08 53.88 -1.83 0.39
55.08 42.53 51.34 22.79 6.79
56.35 4713 52.94 16.36 6.05
60.46 48.63 54.99 19.57 9.05
63.24 51.85 55.97 18.01 11.50
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Fig. 47 Mean areal rainfall by heavy rain concept using isohyetal method
44%~65%= A EJoH, e B 55%~72%=E FA=AH(Table 4.8).
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Table 4.8 Error of total rainfall according to rainfall

1sohyetal method

events of Thiessen method and

FH 9 AgEHIFY

A WYPAS Thiessen | %4 23 | Thiessen | %4 23k
(mm) (mm) (%) (mm) (mm) (%)

2011.08.01 - 08.10 629.59 599.29 4.8 680.72 633.62 6.9
2012.04.15 - 04.24 328.47 307.03 6.5 311.47 288.99 7.2
2012.07.15 - 07.24 341.25 320.59 6.1 346.93 324.15 6.6
2012.08.22 - 09.02 | 1,093.65 1,034.25 54 1,076.54 1,017.10 55
2012.09.11 - 09.20 717.65 685.85 4.4 680.77 633.41 7.0

Mean aerial precipitation(mm) Mean aerial precipitation(mm)

Mean aerial precipitation(mm)

Thiessen-lIsohyetal (Han stream)

80

60

40

20

0 A A A P
0:00 20:00 16:00 12:00 8:00 4:00 0:00 20:00 16:00 12:00 8:00 4:00
Date 2011.8.01-2012.8.10
Thiessen-Isohyetal (Han stream)
80
60
40
20
0
0:00 20:00 16:00 12:00 8:00 4:00 0:00 20:00 16:00 12:00 8:00 4:00
Date 2012.4.15-2012.4.24
Thiessen-Isohyetal (Han stream)
80
60
40
o kO A J\
0:00 20:00 16:00 12:00 8:00 4:00 0:00 20:00 16:00 12:00 8:00 4:00

Date 2012.7.156-2012.7.24



Thiessen-Isohyetal (Han stream)
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Fig. 4.8 Comparison of Theissen method and isohyetal method results of Han Steam
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Thiessen-lsohyetal (Oaedo stream)
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Fig. 49 Comparison of Theissen method and isohyetal method results of Oaedo Steam
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Han stream watershed
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Isohyetal method(mm)
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Fig. 4.10 Thiessen-isohyetal method transformation of Han Stream

80 Oaedo stream watershed
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Fig. 4.11 Thiessen-isohyetal method transformation of Oaedo Stream

Table 4.9 Thiessen-isohyetal method transformation

AE A
T8 (Thi T) Thiessen—-5 54 # 32 R?
essen
3 o 1.05mm< R <66.68mm R, =0.8996 R, '™ 0.997
AE=HFY 1.17mm< R <63.24mm R; = 0.9526 R 9% 0.992




4

J_.NO
%

o
il
oF

__o_._

2.1 NRCS-CN #¥$& o] ¢

NRCS(7] ==}

o

el

Al
2

Jep e,

(4.1)

A

P<I

S:fr9el Ho AR 52 (mm), Q:

A4 CN AH

Hr
bl
o

wK

)

el

™

—~
fite)

7o
»A
el
o
Ny
o
!

—_

NI

!

fvze)
eyl
el

-
)
Hr

o
oF

—~
fite)
6y
B
il

T
22

B

ol

Eil

39 th(Fig. 4.12).

o) g-3kof 24



Han streamd_soil.shp
[ DAEHEUL
[ DONGGUI

|
-
Han stream4_land hp %Eﬁgﬂ”“
e -
] 140 I HANRIM
— —E
] 210 [ JE0GAG
[z Hicinn
310 ] ORA
= =
- e
] 430 ] T0sAN
=P L
3 0 3 6 Kilometers 3 0 3 6 Kilometers
e —
Fig. 4.12 Land use map and soil map of Han Stream
Table 4.10 Analysis result of land cover in Han Stream watershed
FTEF EXATE EXo]l & & HA (m?) H] & (%)
310 gd-d 15,683,536 42.76
320 Haa4 8,594,100 23.43
220 L1s 3,351,657 9.14
430 71EF 2 A 2,758,898 7.52
410 Az A 1,891,614 5.16
240 ] 1,676,167 457
420 At 817,878 2.23
110 FAAY 492,869 1.34
150 WFA Y 396,079 1.08
330 Tady 366,905 1.00
620 ARS8 222,626 0.61
71 e} 71 e} 429 577 1.17
g A 36,681,907 100

AT EAYEARE B4 A Aol 66.18%, A 12.68%, % 9.14%,

e 457% 2 dERLom (Table 4.10), EF=E 2A& A9 Sobs 2940%,
2HE 12.35%, BUlE 10.93%, 225 10.34%2 thEbtoH(Table 4.11).



Table 4.11 Analysis result of soil map in Han Stream watershed

EST ik H] & (%) FEILH EST

HEUGAG 10,782,797 29.40 A
GUNSAN 4,531,801 12.35 B
PYEONGDAE 4,011,071 10.93 C
ORA 3,791,482 10.34 C
JEJU 3,478,189 9.48 C
RB 2,319,219 6.32 C
DONGHONG 1,957,829 5.34 C
DONGGUI 1,182,504 3.22 C
JUNGMUN 788,477 2.15 C
GEUMAG 672,543 1.83 A
IDO 568,464 1.55 C
MUREUNG 442,934 1.21 D
GAMSAN 385,017 1.05 A
SONGAG 340,188 0.93 C
SARA 319,239 0.87 B
HANRIM 144,194 0.39 A
YONGDANG 113,300 0.31 B
7] e} 852,660 2.32 -
A 36,681,907 100 -

FAFA sty ESS BAS Ay IFEo] AR Fa, AAE B
ol w47} AR EF3 C 15 EYo] 5081%= LEIG e A IF9 B
3 D 56% = LEFSE

1
e FAE FHHAW A EANEARFS DAY FLF EAVEARES
8

A5 oH(Fig. 4.13).
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Fig. 4.13 Land use map and soil map of Oaedo Stream

Table 4.12 Analysis result of land cover in Han Stream watershed

TER EATE EA o] &TH A A (m?) H] & (%)
310 ZdHd 16,914,062 38.03
320 A9+4 9,643,407 21.68
430 71 e A| 9,596,162 21.58
240 ! 2,676,956 6.02
410 e 1,845,189 4.15
220 Ll 1,165,659 2.62
330 ==d 939,805 2.11
110 FAA S 627,036 141
150 S A S 369,096 0.83
620 71 BptA 311,810 0.70
71 e 71 e 383,088 0.86

& 44,472,269 100

AT EXVEARES AT Ay Abdo] 59.72%, XA 25.73%,

6.02%, ¥ 262%= eSO ™ (Table 4.12), EG =S A3 Ay Zo% 27.55%,

Ao 6.93%, 22HE 6.77% S 2 e TH(Table 4.13).



Table 4.13 Analysis result of soil map in Oaedo Stream watershed

EgT 3 H] & (%) TESH EYT
HEUGAG 12,253,031 27.55 A
JEOGAG 3,080,720 6.93 A
ORA 3,011,535 6.77 C
HANGYEONG 2,973,512 6.69 B
GUNSAN 2,807,863 6.31 B
PYEONGDAE 2,495,464 5.61 C
TOSAN 2,035,565 4.58 C
NONGO 1,996,623 4.49 B
NORO 1,816,855 4.09 B
RB 1,801,047 4.05 C
HANRIM 1,576,242 3.4 A
JUNGMUN 1,481,144 3.33 C
JEJU 1,443,035 3.24 C
DONGGUI 1,161,997 2.61 C
YONGHEUNG 1,018,426 2.29 D
UDO 738,527 1.66 D
SARA 521,367 1.17 B
= 2,259,317 5.08 -
7 36,681,907 100 -

AEAFIe] FRIH E
3, mefel AW mgeln, wFrh mig Fod A F Ede] 3947%% e
wdom C 1% Eoko] 31.80%, B 189 EoFo] 2310%, D 189 Eoo]
5.63% % UFERYL

FUH EA0ONA et Bl e APHolm HAH FEIA
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Table 4.14 CN(AMC-1I) on land cover categorization items

EXNYEI= | EXYH A B C D
110 FAAY 58 73 82 86
130 FAA o 95 9% 97 97
140 QAL A A 9% 96 97 97
150 WEA A 89 91 93 94
160 FEFANAEA Y 81 83 91 93
210 = 78 78 78 78
220 uk 64 75 82 86
230 &9~ 2 A] 1 %] 98 98 98 98
240 44 44 66 77 83
250 71 EFA v 2] 59 74 82 86
310 SRR 47 67 78 85
320 R 46 68 79 86
330 5Y 47 68 79 86
410 Al 24 30 58 71 78
420 S 52 70 80 85
430 71 Epz2A] 52 70 80 85
510 Ul S5 98 98 98 98
620 71 EPA] 77 86 91 94
710 RIS 100 100 100 100

AR A AAAATD201LAFHE A Sl

ofo
N
)
olr
ofit
o,
N
)
SE
N
olr
o,
2
21_,
ol
0
i
[
el
2

NRCSel A /gt &34 4 CNgb2 mlare] FAE A 97 o] AAlE 5%
Rk A e & AbA AEe WP o R olnu FAE F A M= AP FA
Hek CNgE 2gol disid s W9l
olg] AvAbsel oA dAgEder, tEHd ddAH == Sharpley and
Williams(1990)ell & sl A 7ldre 21(4.3)% Huang et al.(2006)o] 2]+ 2](4.4)7} A
.
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(CNy — CNy )

CN]_[S: 3

e [1—2 ¢ exp(—13.86 ¢ slp)]+ CNy (4.2)



322.79 4 15.63 ()
a+ 323.52

CNH a = CN]_[ (43)

o A" A AH%)
o 4+ Sharpley and Williams(1990)ol] ¢]ale] 7jats 2] 8 o] &3} o

,_—ll.
Lo mE Afdes FE8ke] 5% oo AAAHel thetel CNe B Aste] 4

Table 4.15 Runoff curve number CN(AMC-1) of Han Stream watershed and

Qaedo Stream watershed

3 R=]
T 291 A&f92 2493 &f91 292
(AA 3.2%) | (3AF 6.1%) | (BAF 13.3%) | (BAF 4.6%) | (BAF 11.7%)

"TLZ_EZ[)]

81.20 76.32 63.60 76.07 59.93
A CNIO
IEHA
} 81.20 76.87 67.34 76.07 63.47
< CNII

= CNeo] 055 F7bstaL, 293 Aol = CNoJ 374 A= F7tets Aoz 4
4



Table 4.16 Runoff curve number according to advanced soil moisture condition

AMC gl A=A

z3 AF91 292 A2F93 291 292
AMC-1 64.46 57.51 42.32 57.18 42.19
AMC-0I 81.20 76.87 67.34 76.07 63.47
AMC-1I 90.85 88.11 80.07 87.97 79.98

2.1.2 NRCS-CN ¥R & o] &% 5% A3
7 fole] mAol gty 2 mrE ONgkol dlgal: WA AFA4% Faiol

P F oY EAol WA JHlR hrel Exo] & CNGHAMC- e 4

R4

(

>

Astgon, AaatEzd ¥ CN 7S =3380e 20089-20129714 570 % 7)7¢
g3to] FaHFS A eI oHFig. 4.14~4.15). z+
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Fig. 4.14 Effective NRCS rainfall of Han stream(2008-2012)
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Fig. 4.15 Effective NRCS rainfall of Oaedo stream(2008-2012)
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Table 4.17 Calculation of NRCS effective rainfall of Han Stream watershed

*+d F9
o= FI9EFF(mm) | FFESF(mm) fr&&(%)
2008 2,115.6 164.15 7.76
2009 2,046.7 232.12 9.11
2010 3,982.6 833.23 20.92
2011 3,685.1 731.34 19.85
2012 4,592.9 1,521 33.13

Table 4.18 Calculation of NRCS effective rainfall of Oaedo Stream watershed

_ #d 49
o= £99F3 ¢ F(mm) | $E$%(mm) $28(%)
2008 1,946.5 178.95 9.19
2009 1,973.4 199.79 10.12
2010 2,940.6 645.14 21.94
2011 2,391.4 461.5 19.30
2012 3,306.6 1,1159 33.75

m

AL (mm)
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Fig. 4.16 Effective rainfall according to change of initial abstraction(Han stream watershed)
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Table 4.19 Calculation of effective rainfall according to change of initial

abstraction of Han Stream watershed

z71€4d W3t @& % (mm) Al A % (mm) 23
0.2 S 2409.83 3098.45 -28.58%
025 S 2409.83 2925.33 -21.39%
03 S 2409.83 2766.62 -14.81%
035 S 2409.83 2619.25 -8.69%
04 S 2409.83 2482.06 -3.00%
045 S 2409.83 2352.77 2.37%
05 S 2409.83 2231.32 7.41%
055 S 2409.83 2117.07 12.15%
06 S 2409.83 2008.45 16.66%

Table 4.20 Calculation of effective rainfall according to change of initial

abstraction of Oaedo Stream watershed

z71€4d W3t @& f % (mm) Al A % (mm) 23
0.2 S 1852.46 2191.63 -18.31%
025 S 1852.46 2076.97 -12.12%
03 S 1852.46 1969.33 -6.31%
035 S 1852.46 1868.38 -0.86%
04 S 1852.46 1774.12 4.23%
045 S 1852.46 1684.38 9.07%
05 S 1852.46 1598.67 13.70%
055 S 1852.46 1517.23 18.10%%
06 S 1852.46 1439.12 22.31%
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Table 4.21 Calculation of Muskingum parameters(K,x)

Muskingum K (hr)
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Sensitivity Analysis(Muskingum K_hr)
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Fig. 4.25 Result of Muskingum K sensitivity analysis
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Sensitivity Analysis(muskingum x)
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Sensitivity Analysis(K_hr)
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Table 4.22 Runoff curve number according to AMC condition

AMC Eigl A=A

=l 291 292 293 291 2792
CN-II 81.20 76.87 67.34 76.07 63.47
CN-55 86.03 82.49 73.71 82.02 71.73
CN-37 87.96 84.74 76.25 84.40 75.03
CN-II 90.85 88.11 80.07 87.97 79.98

CN-TIE= AMC-TI ZZo|Ae CNE 9onsta CN-M-E AMC-T 7o) A9
CN<S 9udit}, CN-55 % CN-37 H& CN-TI9 &%) #AsA AR
CN-T9 #=o] HstA A" = 2 HAHsl7] Y&t HegH AozA ey

2ol A4

ro
=

CN55 = CN1I < 0.5+ CNIIL %< 0.5, CN37= CNII x0.3+ CNII x<0.7
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Table 4.23 Calculation of time of concentration according to watershed

FHTY SRR
A SEAZ =gAzd EEAZE EEAE
(hr) B+ (m/s) (hr) B #F5(m/s)
Kirpich 1.73 3.05 1.79 3.21
Rziha 1.25 4.24 1.29 4.46
Kraven I 0.53 9.92 0.55 10.36
KravenIl 1.51 3.50 1.64 3.50

AFA Wb Fo) A Kirpich, Rziha, Kraven I 32418 F2dA 43 S714AHS o] &

sto] Agah Welm, Kravenll 34& A48 AAE 558 Hgste] A
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Table 4.24 Calculation of storage constant according to calculation method of

time of concentration

VR AR FAH Y EEEEX
A A W (hr) (hr)
Clark 3.46 3.60
o Linsley 0.42 0.48
Kirpich
Russel 2.60 2.68
Sabol 2.86 2.83
Clark 3.46 3.60
Linsley 0.42 0.48
Rziha
Russel 1.87 1.93
Sabol 2.06 2.04
Clark 3.46 3.60
Linsley 0.42 0.48
Kravenll
Russel 2.26 2.46
Sabol 2.49 2.60
2 AYAe

o] &8ty AFAFE A Ay {99 AFATFE YA
Kirpich &4]-& o] &3to] 443 2

A3} 042~346 hr, Kravenll &A1& o]&3l9] 243 A3 042~346 hr= 7tz

AT, Clark W ¥ Linsley WH S §F=2A%, 994, Bstd 4 AH%)E
o] g3le] AAtelE g =EAZF AR HEFH o] whEba] gho] WEFA] %k ow RusseldH

=

¥} Sabol W2 =G AIZF A Azl wel gho] WSt Ao = UEN
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Table 4.25 Clark Decision of unit hydrograph method parameters

CN T. K T CN T. K T
Clark CNII-A1l Clark CN37-Al
Kirpich Russel CNI-A2 Kirpich Russel CN37-A2
Sabol CNI-A3 Sabol CN37-A3
Clark CNII-B1 Clark CN37-B1
CN1I Rziha Russel CNIO-B2 | CN37 Rziha Russel CN37-B2
Sabol CNI-B3 Sabol CN37-B3
Clark CNII-C1 Clark CN37-C1
KravenII Russel CNIO-C2 KravenII Russel CN37-C2
Sabol CNI-C3 Sabol CN37-C3
Clark CN55-A1 Clark CNII-A1
Kirpich Russel CNbB5-A2 Kirpich Russel CNII-A2
Sabol CNB5-A3 Sabol CNII-A3
Clark CN55-B1 Clark CNII-B1
CN55 Rziha Russel | CN55-B2 | CNII Rziha Russel | CNII-B2
Sabol CN55-B3 Sabol CNII-B3
Clark CNB5-C1 Clark CNII-C1
KravenII Russel CNbB5-C2 KravenII Russel CNII-C2
Sabol CNbB5-C3 Sabol CNII-C3
FEFHAASF ONS AMC-T ~AMC-TI 271744 WE AAsgon, TEA
s AAete AEA FAAA FEol HueA A8 E+E Kravenl & A9l skaL

Kirpich, Rziha, Kravenll ¥ Agstdtt &3 AFd-E dAs=s 4384 <

o A1+= Clark, Russel, Sabol WS A &ste] T ASE R F 367019 22

4
an
4
iz

T % (Peak flow) oz, % Hl o A F 2 2 XHRMSE, Root Mean
Square Error), NSE(Nash-Sutcliffe efficiency) &< Hlnlslo] AlFEo FH Ao =

e A4sa.
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£ o|&sto] wihFE Atetl o, At A 3= Table 4273 2 th

Table 4.27 Calculation of Clark unit hydrograph method parameters(heavy
rainfall in October 2011)

- T9H3 NRCS Clark
71% 94 5
(km?) CN Tc(hr) K(hr)
CNIO-A1l 3k 36.68 69.65 Kirpich 1.73 Clark 2.99
CNIO-A2 3k 36.68 69.65 Kirpich 1.73 Russel 2.60
CNIO-A3 3k 36.68 69.65 Kirpich 1.73 Sabol 2.86
CNI-B1 3k 36.68 69.65 Rziha 1.25 Clark 2.99
CNI-B2 3k 36.68 69.65 Rziha 1.25 Russel 1.87
CNI-B3 3k 36.68 69.65 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 69.65 Kraven Il 3.30 Clark 2.99
CNII-C2 3k 36.68 69.65 Kraven I 3.30 Russel 4.95
CNII-C3 gl 36.68 69.65 Kraven Il 3.30 Sabol 5.44
CN55-A1 3k 36.68 76.86 Kirpich 1.73 Clark 2.99
CNbB5-A2 3k 36.68 76.86 Kirpich 1.73 Russel 2.60
CN55-A3 3k 36.68 76.86 Kirpich 1.73 Sabol 2.86
CN55-B1 3k 36.68 76.86 Rziha 1.25 Clark 2.99
CN55-B2 3k 36.68 76.86 Rziha 1.25 Russel 1.87
CN55-B3 3k 36.68 76.86 Rziha 1.25 Sabol 2.06
CN55-C1 3k 36.68 76.86 Kraven Il 3.30 Clark 2.99
CN55-C2 3k 36.68 76.86 Kraven Il 3.30 Russel 4,95
CN55-C3 gl 36.68 76.86 Kraven Il 3.30 Sabol 5.44
CN37-Al 3k 36.68 79.74 Kirpich 1.73 Clark 2.99
CN37-A2 3k 36.68 79.74 Kirpich 1.73 Russel 2.60
CN37-A3 3k 36.68 79.74 Kirpich 1.73 Sabol 2.86
CN37-B1 3k 36.68 79.74 Rziha 1.25 Clark 2.99
CN37-B2 3k 36.68 79.74 Rziha 1.25 Russel 1.87
CN37-B3 3k 36.68 79.74 Rziha 1.25 Sabol 2.06
CN37-C1 3k 36.68 79.74 Kraven Il 3.30 Clark 2.99
CN37-C2 3k 36.68 79.74 Kraven Il 3.30 Russel 4,95
CN37-C3 gl 36.68 79.74 Kraven Il 3.30 Sabol 5.44
CNII-A1l 3k 36.68 84.07 Kirpich 1.73 Clark 2.99
CNIII-A2 3k 36.68 84.07 Kirpich 1.73 Russel 2.60
CNII-A3 3k 36.68 84.07 Kirpich 1.73 Sabol 2.86
CNII-B1 3k 36.68 84.07 Rziha 1.25 Clark 2.99
CNII-B2 3k 36.68 84.07 Rziha 1.25 Russel 1.87
CNII-B3 3k 36.68 84.07 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 84.07 Kraven Il 3.30 Clark 2.99
CNII-C2 3k 36.68 84.07 Kraven I 3.30 Russel 4.95
CNII-C3 gl 36.68 84.07 Kraven Il 3.30 Sabol 5.44

ANE G99 ey w/pEFES o] &ste] HEC-HMS Edof #A&3atqlon ujzpw

T x93 mE 24 A3+ Fig. 4.29~Fig. 4329 Zth
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Han stream CN2-A1 (2011.11)

Han stream CH2-A2 (2011.11)
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Han stream CN2-C3 (2011.11)
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Han stream CN37-B2 (2011.11)

Han stream CN37-B3 {2011.11)
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Han stream CN3-A3 (2011.11)

Han stream CN3-B1 (2011.11)
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Table 4.28 Results according to parameter combination(heavy rainfall in October

2011)

Peak flow Peak flow
Error | RMSE Error | RMSE

Simulated | Observed %) | (cms) T Simulated | Observed %) | (cms)

Q (cms) | Q (cms) Q (cms) | Q (cms)
CNII-Al 59.00 50.11 15.07 13.61 | CN37-Al 77.24 50.11 35.12 29.74
CNII-A2 62.09 50.11 19.29 16.00 | CN37-A2 80.74 50.11 3794 | 32.39
CNII-A3 60.00 50.11 16.48 14.39 | CN37-A3 78.38 50.11 36.07 | 30.61
CNII-B1 59.39 50.11 15.62 13.81 | CN37-B1 78.20 50.11 35.92 29.19
CNII-B2 69.80 50.11 28.21 19.84 | CN37-B2 89.86 50.11 44,23 | 35.07
CNII-B3 67.94 50.11 26.24 18.89 | CN37-B3 87.87 50.11 42,97 | 34.31
CNI-C1 57.84 50.11 13.36 12.24 | CN37-C1 75.64 50.11 33.75 | 29.25
CNII-C2 52.53 50.11 4.60 7.48 CN37-C2 69.43 50.11 27.82 23.41
CNII-C3 50.16 50.11 0.10 5.54 CN37-C3 66.58 50.11 24,74 | 20.74
CN35-Al 71.89 50.11 30.30 | 24.91 | CNII-Al 85.12 50.11 41.13 | 36.89
CN35-A2 75.28 50.11 33.44 | 2752 | CNII-A2 88.87 50.11 43.61 39.60
CN35-A3 72.99 50.11 31.35 | 2577 | CNII-A3 86.31 50.11 41.94 | 37.79
CN55-B1 72.67 50.11 31.05 | 2455 | CNII-B1 86.35 50.11 41.97 | 36.07
CN55-B2 84.01 50.11 40.36 | 30.54 | CNII-B2 98.42 50.11 49.08 | 41.74
CN55-B3 82.05 50.11 3893 | 29.72 | CNII-B3 96.40 50.11 48.02 41.08
CN55-C1 70.42 50.11 2884 | 24.20 | CNII-C1 83.33 50.11 39.87 | 36.72
CN55-C2 64.45 50.11 22.25 18.61 | CNII-C2 76.79 50.11 34.75 | 30.56
CN55-C3 61.74 50.11 18.83 16.08 | CNII-C3 73.77 50.11 32.07 | 27.70
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Table 4.29 Calculation of Clark unit hydrograph method parameters(Heavy rainfall
in April 2012)

- T9H3 NRCS Clark
71% 94 5
(km?) CN Tc(hr) K(hr)
CNIO-A1l 3k 36.68 69.65 Kirpich 1.73 Clark 2.99
CNIO-A2 3k 36.68 69.65 Kirpich 1.73 Russel 2.60
CNIO-A3 3k 36.68 69.65 Kirpich 1.73 Sabol 2.85
CNI-B1 3k 36.68 69.65 Rziha 1.25 Clark 2.99
CNI-B2 3k 36.68 69.65 Rziha 1.25 Russel 1.87
CNI-B3 3k 36.68 69.65 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 69.65 KravenIl 1.87 Clark 2.99
CNII-C2 3k 36.68 69.65 Kraven I 1.87 Russel 2.80
CNII-C3 gl 36.68 69.65 Kraven Il 1.87 Sabol 3.08
CN55-A1 3k 36.68 76.86 Kirpich 1.55 Clark 2.99
CN55-A2 3k 36.68 76.86 Kirpich 1.55 Russel 2.60
CN55-A3 3k 36.68 76.86 Kirpich 1.55 Sabol 2.85
CN55-B1 3k 36.68 76.86 Rziha 1.25 Clark 2.99
CN55-B2 3k 36.68 76.86 Rziha 1.25 Russel 1.87
CN55-B3 3k 36.68 76.86 Rziha 1.25 Sabol 2.06
CN55-C1 3k 36.68 76.86 Kraven Il 1.87 Clark 2.99
CN55-C2 3k 36.68 76.86 Kraven Il 1.87 Russel 2.80
CN55-C3 gl 36.68 76.86 Kraven Il 1.87 Sabol 3.08
CN37-Al 3k 36.68 79.74 Kirpich 1.55 Clark 2.99
CN37-A2 3k 36.68 79.74 Kirpich 1.55 Russel 2.60
CN37-A3 3k 36.68 79.74 Kirpich 1.55 Sabol 2.85
CN37-B1 3k 36.68 79.74 Rziha 1.25 Clark 2.99
CN37-B2 3k 36.68 79.74 Rziha 1.25 Russel 1.87
CN37-B3 3k 36.68 79.74 Rziha 1.25 Sabol 2.06
CN37-C1 3k 36.68 79.74 Kraven Il 1.87 Clark 2.99
CN37-C2 3k 36.68 79.74 Kraven Il 1.87 Russel 2.80
CN37-C3 gl 36.68 79.74 Kraven Il 1.87 Sabol 3.08
CNII-A1l 3k 36.68 84.07 Kirpich 1.55 Clark 2.99
CNIII-A2 3k 36.68 84.07 Kirpich 1.55 Russel 2.60
CNII-A3 3k 36.68 84.07 Kirpich 1.55 Sabol 2.85
CNII-B1 3k 36.68 84.07 Rziha 1.25 Clark 2.99
CNII-B2 3k 36.68 84.07 Rziha 1.25 Russel 1.87
CNII-B3 3k 36.68 84.07 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 84.07 Kraven Il 1.87 Clark 2.99
CNII-C2 3k 36.68 84.07 Kraven I 1.87 Russel 2.80
CNII-C3 il 36.68 84.07 KravenIl 1.87 Sabol 3.08
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Han stream CN2-C3 (2012.4)
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Fig. 4.35 Calculation of discharge according to CN37 condition parameter

combination(Heavy rainfall in April 2012)
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Fig. 4.36 Calculation of discharge according to CNIII condition parameter

combination(Heavy rainfall in April 2012)
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Table 4.30 Results according to parameter combination(Heavy rainfall in April 2012)

Peak flow Peak flow
Error | RMSE Error | RMSE

Simulated | Observed %) | (cms) T Simulated | Observed %) | (cms)

Q (cms) | Q (cms) Q (cms) | Q (cms)
CNII-Al 144.42 139.55 3.37 15.62 | CN37-Al 166.44 139.55 16.16 28.12
CNII-A2 146.49 139.55 474 15.77 | CN37-A2 168.55 139.55 17.21 28.89
CNII-A3 143.41 139.55 2.69 15.63 | CN37-A3 165.44 139.55 15.65 | 27.81
CNII-B1 144.88 139.55 3.68 1547 | CN37-B1 166.97 139.55 16.42 28.29
CNII-B2 146.99 139.55 5.06 15.84 | CN37-B2 169.00 139.55 1743 | 29.19
CNII-B3 143.86 139.55 3.00 15.38 | CN37-B3 165.97 139.55 15.92 27.91
CNI-C1 143.66 139.55 2.86 16.13 | CN37-C1 165.84 139.55 15.85 | 28.14
CNII-C2 145.71 139.55 4.23 16.04 | CN37-C2 167.92 139.55 16.89 | 28.75
CNI-C3 | 142.68 139.55 2.19 14.78 | CN37-C3 164.82 139.55 15.33 | 27.90
CN35-Al 160.51 139.55 13.06 | 24.35 | CNII-Al 174.89 139.55 20.21 33.74
CN35-A2 162.58 139.55 14.17 | 2501 | CNII-A2 176.95 139.55 21.14 | 34.62
CN35-A3 159.52 139.55 1252 | 2410 | CNII-A3 173.88 139.55 19.74 | 33.36
CN55-B1 161.04 139.55 13.34 | 24.47 | CNII-B1 175.30 139.55 20.39 | 33.96
CN55-B2 163.11 139.55 14.44 25.28 | CNII-B2 177.28 139.55 21.28 34.96
CN55-B3 160.03 139.55 12.80 | 24.15 | CNII-B3 174.33 139.55 19.95 | 3352
CN55-C1 159.86 139.55 1270 | 24.46 | CNII-C1 174.27 139.55 19.92 33.66
CN55-C2 161.96 139.55 13.84 | 2494 | CNIOI-C2 176.29 139.55 20.84 | 34.42
CN55-C3 158.83 139.55 12.14 | 24.28 | CNII-C3 173.27 139.55 19.46 | 33.35
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Table 4.31 Calculation of Clark unit hydrograph method parameters(Typhoon
"Muifa” in 2011)

- T9H3 NRCS Clark
71% 94 5
(km?) CN Tc(hr) K(hr)
CNIO-A1l 3k 36.68 69.65 Kirpich 1.73 Clark 2.99
CNIO-A2 3k 36.68 69.65 Kirpich 1.73 Russel 2.60
CNIO-A3 3k 36.68 69.65 Kirpich 1.73 Sabol 2.86
CNI-B1 3k 36.68 69.65 Rziha 1.25 Clark 2.99
CNI-B2 3k 36.68 69.65 Rziha 1.25 Russel 1.87
CNI-B3 3k 36.68 69.65 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 69.65 Kraven Il 151 Clark 2.99
CNIO-C2 3k 36.68 69.65 Kraven I 1.51 Russel 2.26
CNII-C3 gl 36.68 69.65 KravenIl 151 Sabol 2.49
CN55-A1 3k 36.68 76.86 Kirpich 1.73 Clark 2.99
CN55-A2 3k 36.68 76.86 Kirpich 1.73 Russel 2.60
CN55-A3 3k 36.68 76.86 Kirpich 1.73 Sabol 2.86
CN55-B1 3k 36.68 76.86 Rziha 1.25 Clark 2.99
CN55-B2 3k 36.68 76.86 Rziha 1.25 Russel 1.87
CN55-B3 3k 36.68 76.86 Rziha 1.25 Sabol 2.06
CN55-C1 3k 36.68 76.86 KravenIl 151 Clark 2.99
CN55-C2 3k 36.68 76.86 Kraven Il 151 Russel 2.26
CN55-C3 gl 36.68 76.86 Kraven Il 151 Sabol 2.49
CN37-Al 3k 36.68 79.74 Kirpich 1.73 Clark 2.99
CN37-A2 3k 36.68 79.74 Kirpich 1.73 Russel 2.60
CN37-A3 3k 36.68 79.74 Kirpich 1.73 Sabol 2.86
CN37-B1 3k 36.68 79.74 Rziha 1.25 Clark 2.99
CN37-B2 3k 36.68 79.74 Rziha 1.25 Russel 1.87
CN37-B3 3k 36.68 79.74 Rziha 1.25 Sabol 2.06
CN37-C1 3k 36.68 79.74 Kraven Il 151 Clark 2.99
CN37-C2 3k 36.68 79.74 Kraven Il 151 Russel 2.26
CN37-C3 gl 36.68 79.74 Kraven Il 151 Sabol 2.49
CNII-A1 3k 36.68 84.07 Kirpich 1.73 Clark 2.99
CNIII-A2 3k 36.68 84.07 Kirpich 1.73 Russel 2.60
CNII-A3 3k 36.68 84.07 Kirpich 1.73 Sabol 2.86
CNII-B1 3k 36.68 84.07 Rziha 1.25 Clark 2.99
CNII-B2 3k 36.68 84.07 Rziha 1.25 Russel 1.87
CNII-B3 3k 36.68 84.07 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 84.07 Kraven Il 151 Clark 2.99
CNII-C2 3k 36.68 84.07 Kraven I 1.51 Russel 2.26
CNII-C3 il 36.68 84.07 KravenIl 1.51 Sabol 2.49
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Han stream CN2-C3 (2011.8.7. Muipa)
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Fig. 440 Calculation of discharge according to CNIII condition parameter

combination (Typhoon "Muifa” in 2011)
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Table 4.32 Results according to parameter combination(Typhoon "Muifa” in 2011)

Peak flow Peak flow
TE Simulated Q | Observed Q Brror T Simulated Q | Observed Q Brror
(cms) (cms) %) (cms) (cms) %)
CNII-Al 280.82 316.37 -12.66 CN37-Al 309.58 316.37 -2.19
CNII-A2 303.95 316.37 -4.09 CN37-A2 334.56 316.37 5.44
CNII-A3 294.92 316.37 -1.27 CN37-A3 325.41 316.37 2.78
CNII-B1 283.58 316.37 -11.56 CN37-B1 313.39 316.37 -0.95
CNII-B2 324.52 316.37 2.51 CN37-B2 354.61 316.37 10.78
CNII-B3 317.40 316.37 0.32 CN37-B3 347.58 316.37 8.98
CNII-C1 280.63 316.37 -12.74 CN37-Cl1 310.05 316.37 -2.04
CNII-C2 286.70 316.37 -10.35 CN37-C2 316.96 316.37 0.19
CNII-C3 27818 316.37 -13.73 CN37-C3 328.85 316.37 3.80
CNB5-Al 301.65 316.37 -4.88 CNII-A1 320.52 316.37 1.29
CNB55-A2 326.56 316.37 3.12 CNII-A2 345.54 316.37 8.44
CN55-A3 317.42 316.37 0.33 CNII-A3 336.40 316.37 5.95
CNb55-B1 305.55 316.37 -3.54 CNII-B1 324.18 316.37 2.41
CNb5-B2 346.80 316.37 8.77 CNII-B2 365.26 316.37 13.38
CNb55-B3 339.72 316.37 6.87 CNII-B3 358.31 316.37 11.70
CNbB5-C1 302.14 316.37 -4.71 CNII-C1 320.97 316.37 1.43
CNB5-C2 309.01 316.37 -2.38 CNII-C2 327.92 316.37 3.52
CNb5-C3 320.86 316.37 1.40 CNII-C3 339.83 316.37 6.90

1. 20129 7€ HF ‘I
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Table 4.33 Calculation of Clark unit hydrograph method parameters(Typhoon
"Khanun” in 2012)

- T9H3 NRCS Clark
71% 94 5
(km?) CN Tc(hr) K(hr)
CNIO-A1l 3k 36.68 69.65 Kirpich 1.73 Clark 2.99
CNIO-A2 3k 36.68 69.65 Kirpich 1.73 Russel 2.60
CNIO-A3 3k 36.68 69.65 Kirpich 1.73 Sabol 2.86
CNI-B1 3k 36.68 69.65 Rziha 1.25 Clark 2.99
CNI-B2 3k 36.68 69.65 Rziha 1.25 Russel 1.87
CNI-B3 3k 36.68 69.65 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 69.65 Kraven Il 2.51 Clark 2.99
CNIO-C2 3k 36.68 69.65 Kraven I 2.51 Russel 3.77
CNII-C3 gl 36.68 69.65 KravenIl 2.51 Sabol 4.15
CN55-A1 3k 36.68 76.86 Kirpich 1.73 Clark 2.99
CN55-A2 3k 36.68 76.86 Kirpich 1.73 Russel 2.60
CN55-A3 3k 36.68 76.86 Kirpich 1.73 Sabol 2.86
CN55-B1 3k 36.68 76.86 Rziha 1.25 Clark 2.99
CN55-B2 3k 36.68 76.86 Rziha 1.25 Russel 1.87
CN55-B3 3k 36.68 76.86 Rziha 1.25 Sabol 2.06
CN55-C1 3k 36.68 76.86 KravenIl 2.51 Clark 2.99
CN55-C2 3k 36.68 76.86 Kraven Il 2.51 Russel 3.77
CN55-C3 gl 36.68 76.86 Kraven Il 2.51 Sabol 415
CN37-Al 3k 36.68 79.74 Kirpich 1.73 Clark 2.99
CN37-A2 3k 36.68 79.74 Kirpich 1.73 Russel 2.60
CN37-A3 3k 36.68 79.74 Kirpich 1.73 Sabol 2.86
CN37-B1 3k 36.68 79.74 Rziha 1.25 Clark 2.99
CN37-B2 3k 36.68 79.74 Rziha 1.25 Russel 1.87
CN37-B3 3k 36.68 79.74 Rziha 1.25 Sabol 2.06
CN37-C1 3k 36.68 79.74 Kraven Il 2.51 Clark 2.99
CN37-C2 3k 36.68 79.74 Kraven Il 2.51 Russel 3.77
CN37-C3 gl 36.68 79.74 Kraven Il 2.51 Sabol 415
CNII-A1 3k 36.68 84.07 Kirpich 1.73 Clark 2.99
CNIII-A2 3k 36.68 84.07 Kirpich 1.73 Russel 2.60
CNII-A3 3k 36.68 84.07 Kirpich 1.73 Sabol 2.86
CNII-B1 3k 36.68 84.07 Rziha 1.25 Clark 2.99
CNII-B2 3k 36.68 84.07 Rziha 1.25 Russel 1.87
CNII-B3 3k 36.68 84.07 Rziha 1.25 Sabol 2.06
CNII-C1 3k 36.68 84.07 Kraven Il 2.51 Clark 2.99
CNII-C2 3k 36.68 84.07 Kraven I 2.51 Russel 3.77
CNII-C3 il 36.68 84.07 KravenIl 2.51 Sabol 415
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Han stream CN2-C3 (2012.7 Khanun )

Fig. 441 Calculation of discharge according to CNII condition parameter

combination (Typhoon "Khanun” in 2012)
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Table 4.34 Results according to parameter combination(Typhoon "Khanun” in 2012)

Peak flow Peak flow
TE | Simulated | Observed Error | RM3E TE | Simulated | Observed Error | RM3E
(%) | (cms) (%) | (cms)
Q (cms) | Q (cms) Q (cms) | Q (cms)
CNI-Al | 12645 | 12052 | 469 | 2847 | CN37-Al | 14849 | 12052 | 1884 | 3993
CNI-A2 | 13373 | 12052 | 988 | 31.82 | CN37-A2 | 15658 | 12052 | 23.03 | 40.76
CNO-A3 | 12877 | 12052 | 641 | 3000 | CN37-A3 | 151.07 | 12052 | 20.22 | 3852
CNI-Bl | 12710 | 12052 | 518 | 3159 | CN37-Bl | 14925 | 12052 | 19.25 | 39.71
CNI-B2 | 15249 | 12052 | 2097 | 4172 | CN37-B2 | 177.98 | 12052 | 32.28 | 51.30
CNII-B3 | 14746 | 12052 | 1827 | 3951 | CN37-B3 | 17239 | 12052 | 30.09 | 4887
CNO-C1 | 12308 | 12052 | 208 | 2579 | CN37-C1 | 14449 | 12052 | 1659 | 34.27
CNO-C2 | 11142 | 12052 | -817 | 2306 | CN37-C2 | 13147 | 12052 | 833 | 2976
CNII-C3 | 10642 | 12052 | -13.3 | 2232 | CN37-C3 | 12587 | 12052 | 425 | 2806
CN35-Al | 14254 | 12052 | 1545 | 3662 | CNII-Al | 156838 | 12052 | 23.18 | 44.80
CN55-A2 | 15043 | 12052 | 19.88 | 3811 | CNII-A2 | 16526 | 12052 | 27.07 | 44.73
CN55-A3 | 14506 | 12052 | 1692 | 3595 | CNII-A3 | 15956 | 12052 | 2447 | 42.33
CN55-Bl | 14317 | 12052 | 1582 | 37.25 | CNII-Bl | 157.86 | 12052 | 23.65 | 4342
CN55-B2 | 17113 | 12052 | 2957 | 4854 | CNII-B2 | 187.62 | 12052 | 3576 | 55.36
CN55-B3 | 16569 | 12052 | 27.26 | 4615 | CNII-B3 | 181.84 | 12052 | 3372 | 52.88
CN55-C1 | 13872 | 12052 | 1312 | 3168 | CNII-C1 | 15265 | 12052 | 21.05 | 3821
CN55-C2 | 12604 | 12052 | 438 | 2755 | CNII-C2 | 13915 | 12052 | 1339 | 33.24
CN55-C3 | 120.60 | 12052 | 0.07 | 25.07 | CNII-C3 | 13333 | 12052 | 961 | 31.28
(3) JEHAFY FAS °o)F F5-F& A
7}. 20129 49 AFE S

20124 492194 9 xH
st o, Abd A7t

o §315)..
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m/sec2 ERSE
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= Table 4.359} %t}

Table 4.35 Calculation of Clark unit hydrograph method parameters(Heavy rainfall
in April 2012_Oaedo Stream)

_ +9493 | NRCS Clark
715 99 5
(km?) CN Tc(hr) K(hr)
CNIO-Al | 9= 44 47 66.73 Kirpich 1.79 Clark 3.36
CNIO-A2 | 9=+ 44 47 66.73 Kirpich 1.79 Russel 2.68
CNII-A3 =3 44 47 66.73 Kirpich 1.79 Sabol 2.83
CNII-B1 =3 44 47 66.73 Rziha 1.29 Clark 3.36
CNII-B2 =3 44 .47 66.73 Rziha 1.29 Russel 1.93
CNI-B3 | 9= 44 47 66.73 Rziha 1.29 Sabol 2.04
CNII-C1 =3 44 .47 66.73 Kraven I 2.29 Clark 3.36
CNIO-C2 | == 44.47 66.73 Kraven Il 2.29 Russel 3.44
CNIO-C3 | == 44 47 66.73 Kraven I 2.29 Sabol 3.64
CNbB5-A1 =3 44 47 74.46 Kirpich 1.79 Clark 3.36
CNB5-A2 | 9= 44 47 74.46 Kirpich 1.79 Russel 2.68
CN55-A3 =3 44 .47 74.46 Kirpich 1.79 Sabol 2.83
CN55-B1 =3 44 47 74.46 Rziha 1.29 Clark 3.36
CN55-B2 IRl 44 47 74.46 Rziha 1.29 Russel 1.93
CNbB5-B3 =3 44 47 74.46 Rziha 1.29 Sabol 2.04
CN55-C1 IRl 44 47 74.46 Kraven I 2.29 Clark 3.36
CNG5-C2 | 9= 44 47 74.46 Kraven I 2.29 Russel 3.44
CNbB5-C3 =3 44 47 74.46 Kraven I 2.29 Sabol 3.64
CN37-Al | 9=+ 44 .47 77.55 Kirpich 1.79 Clark 3.36
CN37-A2 =3 44 47 77.55 Kirpich 1.79 Russel 2.68
CN37-A3 =3 44 47 77.55 Kirpich 1.79 Sabol 2.83
CN37-B1 IRl 44 .47 77.55 Rziha 1.29 Clark 3.36
CN37-B2 =3 44 47 77.55 Rziha 1.29 Russel 1.93
CN37-B3 | =% 44 47 77.55 Rziha 1.29 Sabol 2.04
CN37-C1 IRl 44 47 77.55 Kraven I 2.29 Clark 3.36
CN37-C2 =3 44 47 77.55 Kraven I 2.29 Russel 3.44
CN37-C3 | =% 44 47 77.55 Kraven I 2.29 Sabol 3.64
CNIM-Al | 9=+ 44 47 82.19 Kirpich 1.79 Clark 3.36
CNII-A2 =3 44 47 82.19 Kirpich 1.79 Russel 2.68
CNII-A3 | 9= 44 47 82.19 Kirpich 1.79 Sabol 2.83
CNII-B1 =3 44 .47 82.19 Rziha 1.29 Clark 3.36
CNII-B2 =3 44 47 82.19 Rziha 1.29 Russel 1.93
CNII-B3 = 44 47 82.19 Rziha 1.29 Sabol 2.04
CNII-C1 =3 44 47 82.19 Kraven I 2.29 Clark 3.36
CNII-C2 | ¢J&== 44.47 82.19 KravenIl 2.29 Russel 3.44
CNII-C3 | ¢J&== 44 47 82.19 Kraven I 2.29 Sabol 3.64

AMNE G99 ey w/pEFE o] &ste] HEC-HMS Edof #A&3atglon ujzpw
2= zote| 2 A7 Fig. 445~Fig. 4.48%7 2t}
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Oaedo stream CN2-C3 (2012.4)
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Oaedo stream GN37-B2 (2012.4)

Oaedo siream GN37-B3 (2012.4)
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Table 4.36 Results according to parameter combination(Heavy rainfall in  April

2012_Oaedo Stream)

Peak flow Peak flow
TE Simulated Q | Observed Q Brror T Simulated Q | Observed Q Eror
(%) (%)
(cms) (cms) (cms) (cms)
CNII-Al 172.00 156.66 8.92 CN37-Al 208.89 156.66 25.00
CNII-A2 187.54 156.66 16.47 CN37-A2 226.41 156.66 30.81
CNII-A3 183.89 156.66 14.81 CN37-A3 222.37 156.66 29.55
CNII-B1 174.11 156.66 10.02 CN37-B1 211.33 156.66 25.87
CNII-B2 210.27 156.66 25.50 CN37-B2 250.85 156.66 37.55
CNII-B3 207.12 156.66 24.36 CN37-B3 247.62 156.66 36.73
CNII-C1 170.17 156.66 7.94 CN37-C1 206.94 156.66 24.30
CNII-C2 171.19 156.66 8.49 CN37-C2 208.09 156.66 24.72
CNII-C3 167.33 156.66 6.38 CN37-C3 203.66 156.66 23.08
CNB5-Al 198.88 156.66 21.23 CNII-Al 223.29 156.66 29.84
CNbB5-A2 21591 156.66 27.44 CNII-A2 241.36 156.66 35.09
CNbB5-A3 211.93 156.66 26.08 CNII-A3 237.26 156.66 33.97
CNb55-B1 201.16 156.66 2212 CNII-B1 225.88 156.66 30.64
CNb5-B2 239.97 156.66 34.72 CNII-B2 266.21 156.66 41.15
CNb55-B3 236.74 156.66 33.83 CNII-B3 262.99 156.66 40.43
CN55-C1 196.95 156.66 20.46 CNII-C1 221.24 156.66 29.19
CN55-C2 198.07 156.66 20.91 CNII-C2 22241 156.66 29.56
CN55-C3 193.74 156.66 19.14 CNII-C3 217.88 156.66 28.10
(4) =4
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Table 4.37 Calculation of Clark unit hydrograph method parameters(Typhoon
"Khanun” in 2012_Oaedo Stream)

_ +9493 | NRCS Clark
715 99 5
(km?) CN Tc(hr) K(hr)
CNIO-Al | 9=+ 44 47 66.73 Kirpich 1.79 Clark 3.36
CNIO-A2 | 9=+ 44 .47 66.73 Kirpich 1.79 Russel 2.68
CNII-A3 =3 44 47 66.73 Kirpich 1.79 Sabol 2.83
CNII-B1 =3 44 .47 66.73 Rziha 1.29 Clark 3.36
CNII-B2 =3 44 47 66.73 Rziha 1.29 Russel 1.93
CNI-B3 | 9= 44 47 66.73 Rziha 1.29 Sabol 2.04
CNII-C1 =3 44 47 66.73 Kraven I 2.25 Clark 3.36
CNIO-C2 | == 44.47 66.73 Kraven Il 2.25 Russel 3.37
CNI-C3 | 9= 44 .47 66.73 Kraven I 2.25 Sabol 3.57
CNbB5-A1 =3 44 47 74.46 Kirpich 1.79 Clark 3.36
CNB5-A2 | 9=+ 44 47 74.46 Kirpich 1.79 Russel 2.68
CN55-A3 =3 44 .47 74.46 Kirpich 1.79 Sabol 2.83
CN55-B1 =3 44 47 74.46 Rziha 1.29 Clark 3.36
CN55-B2 IRl 44 47 74.46 Rziha 1.29 Russel 1.93
CNbB5-B3 =3 44 .47 74.46 Rziha 1.29 Sabol 2.04
CNb55-C1 =3 44 .47 74.46 Kraven I 191 Clark 3.36
CNG5-C2 | 9= 44.47 74.46 Kraven Il 1.91 Russel 3.37
CNbB5-C3 =3 44 47 74.46 Kraven I 191 Sabol 3.57
CN37-Al | 9=+ 44 47 77.55 Kirpich 1.79 Clark 3.36
CN37-A2 | 9=+ 44 47 77.55 Kirpich 1.79 Russel 2.68
CN37-A3 =3 44 .47 7755 Kirpich 1.79 Sabol 2.83
CN37-B1 IRl 44 47 77.55 Rziha 1.29 Clark 3.36
CN37-B2 =3 44 47 77.55 Rziha 1.29 Russel 1.93
CN37-B3 =3 44 47 77.55 Rziha 1.29 Sabol 2.04
CN37-C1 IRl 44 .47 77.55 Kraven I 191 Clark 3.36
CN37-C2 =3 44 .47 77.55 Kraven I 191 Russel 3.37
CN37-C3 | == 44 .47 77.55 Kraven I 191 Sabol 3.57
CNIM-Al | 9= 44 .47 82.19 Kirpich 1.79 Clark 3.36
CNII-A2 =3 44 47 82.19 Kirpich 1.79 Russel 2.68
CNII-A3 | 9= 44 47 82.19 Kirpich 1.79 Sabol 2.83
CNII-B1 =3 44 47 82.19 Rziha 1.29 Clark 3.36
CNII-B2 =3 44 47 82.19 Rziha 1.29 Russel 1.93
CNII-B3 = 44 47 82.19 Rziha 1.29 Sabol 2.04
CNII-C1 =3 44 47 82.19 Kraven I 191 Clark 3.36
CNII-C2 =Ad 44.47 82.19 Kraven I 1.91 Russel 3.37
CNII-C3 | ¢J&== 44 47 82.19 Kraven I 191 Sabol 3.57
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Surface flow (CMS)
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Fig. 451 Calculation of discharge according to CN37 condition parameter

combination (Typhoon "Khanun” in 2012_QOaedo Stream)

Oaedo stream CN3-Al (2012.7 Khanun }

200 o
= Frocipitation]
—oss
——Simulated @

- —e—observed a || 5

100 ﬂ k 10

50 Av 15

. .
000 640 1320 2000 240 920 1800 2240 520 1200 1840 1:20 800

1840 21:20 400 10:40 17:20

Date(2012.7.16 - 2012.7.19)

CNII-Al

Precipitation(m m )

Surface flow (CMS)

Oaedo siream CN3-A2 (2012.7 Khanun }

200
= Precipitation
s Loss
——Simuisted @
T —=—obsenedal| g
100
’ { Y
Y o
0
000 640 1320 2000 240 320 1600 2240 520 1200 1840

120 g0
Date(2012.7.16 - 2012.7.19)

CNII-A2

— 152 —

1840 2120 400

140 17:20




Surface flow (CMS)

Surface flow (CMS)

Surface flow (CMS)

Surface flow (CMS)

2

2

00

00

50

00

00

50

200

00

50

200

00

50

Oaedo siream CN3-A3 (2012.7 Khanun }

Oaedo siream CN3-B1 (2012.7 Khanun }

10 200 1
= Precipitation] = Precipitation]
—oss —oss
——Simulated @ ——Simulsted @
|—=—obsereaal] g — —=—observed @
-~ B
E b3
& <
10 ‘E Z 100
g
g 8
s £
s 5
- [\
P } 0 ‘5 sn o j -
. P
20 0
0:00 B40 1320 2000 240 320 1600 2240 520 1200 1840 1:20 800 1440 21:20 400 10:40 17:20 0:00 B40 1320 2000 240 320 1600 2240 520 1200 1840 1:20 800 1440 21:20 400 10:40 17:20
Date(2012.7.16 - 2012.7.19) Date(2012.7.16 - 2012.7.19)
Oaedo stream CN3-B2 (2012.7 Khanun ) Oaedo stream CN3-B3 (2012.7 Khanun )
10 200 1
[ Precip tation] [ Precip tation]
—oss —oss
——Simulsted @ ——Simulated @
—=—observed a || g — —=—observed @
-~ B
E b3
& 2
10 ‘E Z 100 f
S 3
g 3
s £
g =
£ A
V 15 50 v
A ) o~ j k
20 0
0:00 B40 1320 2000 240 320 1600 2240 520 1200 1840 120 800 1440 21:20 400 10:40 17:20 0:00 B40 1320 2000 240 320 1600 2240 520 1200 1840 120 800 1440 21:20 400 10:40 17:20
Date(2012.7.16 - 2012.7.19) Date(2012.7.16 - 2012.7.19)
Oaedo stream CN3-C1 (2012.7 Khanun ) Oaedo stream CN3-C2 (2012.7 Khanun )
10 200 1
= Precipitation] = Precipitation]
—oss —oss
——Simulsted @ ——Simulated @
|—=—obsereaal] g — —=—observed @
-~ B
E b3
& <
10 ‘E Z 100
g
g 8
s £
s 5
A -
V 15 50 v
e i V. }
0:00 B40 1320 2000 240 320 1600 2240 520 1200 1840 120 800 1440 21:20 400 10:40 17:20 0:00 B40 1320 2000 240 320 1600 2240 520 1200 1840 120 800 1440 21:20 400 10:40 17:20
Date(2012.7.16 - 2012.7.19) Date(2012.7.16 - 2012.7.19)
Oaedo stream CN3-C3 (2012.7 Khanun )
10
= Precipitation]
—oss
——Simulsted @
|—=—obsereaal] g
<
£
2
2
flk |
g
{\ :
\Y) ?
;_—_— } u

000 E40 1320 2000 240 $20 1800 2240 520 1200 1840

16 - 2012.7.19)

120 800 1440 20:20 00

Date(2012.

CNII-C3

140 1720

Fig. 452 Calculation of discharge according to CNIII condition parameter

combination (Typhoon "Khanun” in 2012_QOaedo Stream)
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Table 4.38 Results according to parameter combination(Typhoon "“Khanun” in

2012_Oaedo Stream)

Peak flow Peak flow

TE Simulated Q | Observed Q Brror T Simulated Q | Observed Q Brror
(cms) (cms) %) (cms) (cms) %)

CNII-Al 126.54 147.15 -16.29 CN37-Al 149.80 147.15 1.77
CNII-A2 138.86 147.15 -5.97 CN37-A2 163.88 147.15 10.21
CNII-A3 135.83 147.15 -8.33 CN37-A3 160.48 147.15 8.31
CNII-B1 129.05 147.15 -14.03 CN37-B1 152.80 147.15 3.70
CNII-B2 161.07 147.15 8.64 CN37-B2 189.12 147.15 22.19
CNII-B3 15791 147.15 6.81 CN37-B3 185.55 147.15 20.70
CNII-C1 125.93 147.15 -16.85 CN37-C1 149.19 147.15 1.37
CNII-C2 134.41 147.15 -9.48 CN37-C2 158.71 147.15 7.28
CNII-C3 131.51 147.15 -11.89 CN37-C3 155.46 147.15 5.35
CN35-Al 143.60 147.15 -2.47 CNII-A1 158.52 147.15 717
CN35-A2 157.22 147.15 6.41 CNII-A2 173.21 147.15 15.05
CNbB5-A3 153.92 147.15 4.40 CNII-A3 169.69 147.15 13.28
CN35-B1 146.47 147.15 -0.46 CNII-B1 161.70 147.15 9.00
CN55-B2 181.68 147.15 19.01 CNII-B2 199.52 147.15 26.25
CN55-B3 178.21 147.15 17.43 CNII-B3 195.81 147.15 24.85
CN55-C1 142.99 147.15 -2.91 CNII-C1 15791 147.15 6.81
CN55-C2 152.24 147.15 3.34 CNII-C2 167.78 147.15 12.30
CN55-C3 149.08 147.15 1.29 CNII-C3 164.41 147.15 10.50
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Table 4.39 Optimum parameter combination of rainfall-runoff after no rainfall

Flsizg s
RIS |5 S
|| | o
LY
===
~l5 5 &
SAHHE
B
ool
M1c/c|o
QI= = =
Sl <<
<
oToToT
ol | o} | o}
o | 2 e o
u_mxuwuwu
< =
MEIEIE
iududud
ol I
S 88
o
il I
38

W

%

el

0

2w Q1 KravenlIl,

s

]

A

=2
=

e

ToR

°ox AMCI

e
N
i+

=0

7

ok}
=

ol AYE

H71

7}

)

—
fite)

Mo

™
H

o
Ny
H

el
N

ol
"

ToR

—_
fite)
olo

N

el
qr
o

gl

w74

=
=

FEA fRAAT AN

godl

A st

1= Sabol WH o] 714

bl 2145

S

Sl Ay

oz

=

ki3

F 227 0.10%, RMSEZF 5542 7V A%

} 2.19%, RMSE 14.78, NSE

e

o
-

felel 20124 49 BEES A}

gl

Z

taeh 9=

315
Y ©

0.89= 714 &

% 22k 6.38%, NSE

skl vt (Fig. 4.53).

%1-

0722 7} =

— 155 —



Han stream CN2-C3 (2011.11)

100 40 5
I —rachlsHn Peak flow armor: 0.10%
— oo ¥
BO =] e Simnulated @ [----4 20
——Observed O "
2w wil
- ]
FY To 6
£ 2 g
= =
o H
g0 60 EE
5 88w
(=]
20 80 4
o e 100 i |
100 OO 1R00 IGO0 2100 200 TOO0 (20O 1TO0 2200 300 &00 1300 10D % e o 2 e
Date(2011.11.17 - 2011.11.19) Simulated Q(CMS)
o = = O =]. %] O
(a) 20119 1149 HFE5_sHxF9
Han stream CN2-C3 (2012.4)
200 o
200
RMSE: 14.78
7
:L:;i'wmm Peak flow error: 2.19%
—a—Simulated O MNSE:0.89
150 —m—Obsarved O |-----
i 150
g T8
2 =5 X
2 ] X%
=1 "% 2o X
2 2 E
= = @
& £a »&xxxx
S 50
0 20 i
00 BA0 1320 2600 240 §20 1600 2240 520 1200 1840 120 §0O0 . 0 100 i
Dale(2012.4.19 - 2012.4.22) Simulated Q(CMS)
o = = 0O =]. %] ©
(b) 201241 4¢¥ HT&F_ /Y
Oaedo stream CN2-C3 (2012.4)
250 — _— S— 0 5 &
Peak flow error: 6.38%
NSE:0.72
L Jei13
m =) e Simmulated Q *7=c 9 200
—a—Observed O
g g
2150 e T %
§s
= 5 HXK
: f:
o 2 g W
1 158 210 e
@ ] )¢
50 20 5
0 25 0
®00 &40 132 K00 240 B0 1600 2240 520 1200 140 20 EOD 5 % S i

Date(2012.4.19 - 2012.4.22)

100 150
Simulated Q{CMS)

(c) 20124 4€ A F3 9§ g=HdFY

Fig. 453 Optimum parameter combination of rainfall-runoff after no rainfall

(2) A3

o

$-§% AL 20119 8Y HF “¥ol

— 156 —



97 20129 79 HF Yk o2 HA X232 Table 4407 T}

Table 4.40 Optimum parameter combination of rainfall-runoff after antecedent

rainfall
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Table 4.41 Existing method and discharge calculation method from the results of

this study
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Fig. 455 Comparison of existing method of rainfall-runoff events after no

rainfall and results of this study_Han Stream

Table 4.42 Comparison of existing method of rainfall-runoff events after no

rainfall and results of this study_Han Stream

o 20113 11€ AF35 % 20123 49 HF 5 ¢

7] EWH 2 d7 7] &Y 2 d7

% 75 #F(mm) 220.40 206.00 31352 293.59
&2 (mm) 96.72 145.18 126.15 202.76
AFHF(cms) 96.29 50.11 208.93 142.68
FE8(%) 56.12 29.52 59.76 30.93

ZIENH S ol gdte] FEHS AMAEE Ay 20119 1149 HF5 55 APl ti gt

T AFES 22040mm, =4 96.72mm, FFTE 9629 cms, wEES 56.12% = At

dEden 2012¢9 49 FJFTEF ARl diste ¢S 31352mm, &4
126.15mm, HFr& 20893 cms, & 59.76% = B EHJTE 2 AFA ] H]st

of ¢S 144~1993mm, HFF S 46.18~66.25cms, FE=&S 26.6~28.83%
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rainfall and results of this study_Oaedo Stream

Table 4.43 Comparison of existing method of rainfall-runoff events after no

rainfall and results of this study_Oaedo Stream

" 20129 49 JF35 %
T NER 2 a7
% 49 (mm) 311.40 287.40
=24 (mm) 122.65 190.19
A - #Fems) 262.23 167.33
FE&(%) 60.61 33.82
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Table 4.44 Comparison of existing method of rainfall-runoff events after

antecedent rain and results of this study_Han Stream

;LH 20111’5— 8% E'H_%_ “—E'LO] -‘—ﬂ'” 20121’4 _é EH I “ \__”
- 71 & 2 dy 71 & g
& % Fmm) 466.99 451.99 2715 256
&2 (mm) 114.88 240.8 90.75 169.52
A1 F(ems) 453.78 320.86 169.05 120.6
FrE&(%) 75.40 46.72 63.90 32.39
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Table 4.45 Comparison of existing method of rainfall-runoff events after

antecedent rain and results of this study_Oaedo Stream
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Table 4.46 Rainfall-runoff events after no past rainfall

5 fre9¥d 54 ARF+-F o938 a 4%
(mm) (mm)
2008.6.27 - 6.29 3.52 125.60
2009.4.19 - 4.21 0 17773
2009.8.27 - 8.29 4.19 91.67
2010.2.256 - 2.27 0.31 136.54
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Han stream 2010.2.25
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Table 4.47 Result applying past event_rainfall-runoff events after no rain

A5 %(cms) AFHFE =g
T $-AH Q= Q= RMSE NSE
T can  waz | 2V zag  as X}
(%) (min)
2008.6.28 86.17 87.55 161 14:10 13:50 20 14.74 0.62
2009.4.20 81.54 84.77 3.97 16:30 16:30 0 15.20 0.61
2009.8.27 54.65 48.96 10.42 17:50 17:20 30 16.55 -
2010.2.25 64.34 65.87 2.38 15:00 15:00 0 24.12 -

AR Ete] A8 A3 AFFEF oxE= 161 - 1042% = ¥l A 3gts)
0

A et ow HFEFE S AZEe 0~20+%, RMSE 14.74~24.12, NSE 0.61~0.62
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Table 4.48 Rainfall-runoff events after past antecedent rainfall

2 A frea9dd 54 AR +-F o3 a 4%
(mm) (mm)
201094 - 96 107.76 140.66
2011.6.23 - 6.26 205.75 358.29
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