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Abstract

A water control project are established to prevent flood damages from
typhoons and localized heavy rain. When establishing water control projects,
flood volume plays an important role in determining size of the hydraulic
structure. Flood volume is calculated according to the Guideline for Calculating
Design Flood Volume (Ministry of Land, Infrastructure and Transport, 2012).
However, the Guideline for Calculating Design Flood Volume fails to properly
reflect hydrologic characteristics of Jeju Island because it was written based on
the conditions of inland areas of South Korea. For the analysis and evaluation
of flood volume in rivers of Jeju Island, it is necessary to develop a flood
volume calculation method for Jeju based on river observation data taken from
Jeju Island.

Accordingly, this study was conducted to calculate flood volume that reflects
topographic and hydrologic characteristics of rivers in Jeju Island by improving
the parameters presented in the Guideline for Calculating Design Flood Volume.
In addition, flood volume of urban rivers in Jeju Island was reviewed using
hydrologic component survey data observed at river sites over many years.

When calculating areal rainfall, the Thiessen polygon method cannot account
for changes in rainfall according to altitude (mountain effect). Also, since there
is no areal reduction factor (ARF) appropriate for Jeju Island, the Thiessen
polygon method was determined to be inadequate for calculating areal rainfall of
mountainous rivers in Jeju Island. The applicability was checked by comparing
with areal rainfall using the isohyetal method.

Areal rainfall calculated by the Thiessen polygon method can be partially
applied to rivers in Jeju Island depending on altitude, but this method is
inappropriate for mountainous rivers in Jeju Island because errors are created by
altitude. Therefore, the isohyetal method is a more appropriate method that can
account for the location of rainfall observatories and the effects of mountainous

areas without creating errors from altitude.
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Urban rivers in Jeju Island do not have large basin area and are characterized
by sharp slopes. When flood runoff occurs, it occurs at a fast flow rate of 7m/s
or above. In addition, as topographic characteristics according to altitude and
changes in land use are shown clearly, flood volume was calculated by applying
the parameters considering topographic and hydrologic characteristics of rivers.
In comparison to the Guideline for Calculating Design Flood Volume, the
accuracy of peak runoff rate was increased by 1.2% according to runoff
characteristics. Also, the R? value of the runoff hydrograph was increased by
20.6% compared to observed flood volume. When combined with the parameters
reflecting river characteristics of Jeju Island, flood volume was calculated more

accurately compared to the conventional method.
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2.3. Kriging 71
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2= Z Azt EKzlAijj (-Tjk) (é} 2.6)

(5) Empirical Bayesian Kriging(EBK)

Empirical Bayesian Kriging= 2274 7|HS A&st=d Alv #2223 (Semi
Variogram)< F783sti HIF st A gEA7IHelm, Aln Wzl X2 F7
A FA oA #FA e FHAQ 5AY WY afE yEhle azoltt
(Lee®} Son, 2016).
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2.3.3 Spline

N

il

—

—
;OO

A
L

=
=

_]

3L
=
=

S

A==
TR

o2 Ry i Spline A}

ol

S

o 5] "ojZl knot

el
]
=

=
=

ok o

Al (leastsquares) =+ 7B} WS o] &3l F=2|F Splinexr4l %

p— 12 =3FE dALo] "l knotE
)

o
A

T

o
pad

FA o o
AAE = AHOZA] knote
PN
T

=]

)

FEHA d449H, v

ol

2
1}

o]t}. SplineX 7t

e

[e)

(degree)+= 3=

o~
T

!
CHWebster and Oliver,2001). wtebA H.7Fel=

A

T

kel
pad

2 Spline®]

1

HA v

3]

A

Spline(Cubicspline) ©] 2} 12

Mo

Ton

o

i

A}
=

LR

-

T

K

o

el o

hyA
ar

Aoz Algear,
Hol=

2

29 o

PN
T

S

FH olel meh v %

<]

ju—

o

FARE - E Hlo]H o
7F

Hof 7}

°

=]
=

%)

x
—

;.Ow_
N

18R 1ol 7l

5

Bkl A ol AbEEH FHa

d AbgE
- 20 -

-

1

],

S

b ol

S



"0
<

o
i
o

Hr

o

A1+ (CN)

= (NRCS)ol A 7H

=
T

] 5

I
R

o

AIE T

al

13

A
pul

&

HEH (runoff curve number method)S i & &} a1

%

H

2.4.1 SCS

g

el BEX ol

-
.

=44 = (CN)

;OL

e
Mo

of
T

0

K
el
Nd
®
_voﬁi
a g
o

)

ol

EREEEEE )

A AuisdA, 7eEdA, A

-
o

o A o] EA]o]-&7H

o FR&m glom, 44vHe Ae

1<

S

A

H= SCSe fr%

=

R

Tl w
& 479 Table 2.1, EAA S L& Table 2.29F 2t} o] <}

i=1}
=

sl

TF7¢ AMC-0 Z7olm=® AA

199

= X
-

PN
T

l

2
AMC-II =

_‘|

hind

& (poor), A F7F H g o]
FEA

KR
—

5|
puA

bt

1o of

)

stol AL

o
it

o|
o

e

o=

_2‘|_



Table 2.1 The runoff curve number of the agricultural area of the US SCS

(AMC 1II)
222 3} 7 EYT
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= A B C D
F 7 A (fallow) A9 7 2 (straight row) - 771 86 | 91 | A4
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o] &7 2= =34 Az B " 70|79 84|88
(row crops) (contoured) o 5 65| 75| 82| %6
w3t Az} e 266 | 74 | 80 | 82
(COl’ltOUl’ed & teITaCGd) oo]: i 62 71 78 81
A Az = 265 | 76 | 84 | 88
(straight row) ok 5| 63 75 ]3 ]7
Z 7 217 =34 Az B % 63| 74| 8|8
(small grains) (contoured) o} sl | 73 81| a4
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(contoured & terraced) ok 5| 759 70 78 81
ARG AR T 66| 77| 8 | 89
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Table 2.2 The runoff curve number of the urban area of the US SCS
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Table 2.3 Classification of hydrologic soil group

Eg 3 B9 44 F5F-E&(mm/hr)
Type A AFgo] w9 aH, Aol e EY 7.62 ~ 11.43
Type B HEgo] A= a1, AEo] 4 AHHE 3.81 ~ 7.62
Type C AEEo] tiA=Z 2L, A Bk 1.27 ~ 3.81
Type D HAFEo] dide] 2, FEH EYF 0.00 ~ 1.27

242 w+EF4A+(CN) 24

= SCS frasdAle ZIeds FAA A €9 FH(woods) AAE ] Q)

= Wb Adetd e B2 WHS AASL = 4™ (forest) o] A AA E A

Aol FEIAXGFE v A A (US. Forest Service)oll A Al Al gk W o o}

gt F2AEe] Zlol(humus depth, H) % $'d 4 % (compactness factor, C)oll u}z}

Fig. 239014 2FHe]l 4384 27 e 53 (hydrologic condition class, HC)S ZA
stal, Fig. 24004 Atgel &3t 239 s34, EYTE FEI3AATE A&
=

AF7HA -2yl AFoA e Abdel 284 2719 TS =0 7MY =2
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Table 2.6 Comparison of land cover and land use classification
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Table 2.7 Land Use Classification and runoff Curve number of Korea(AMC-1I)
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(semi-distributed model)¢] 2} & 2] H t},

Table 2.8 Comparison of characteristics of lumped model and distributed model
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Fig. 3.1 Study watershed

Table 3.1 Geographical characteristics and shape of study watershed

Mean width
Area Length ) Shape
Stream of Basin
(km?) (km) factor
(km)
Han
36.69 20.18 1.82 0.09
Stream
Byeongmun
22.69 19.43 1.17 0.06
Stream
Doksa
5.90 7.25 0.81 0.11
Stream
Sanji
14.65 13.47 1.09 0.08
Stream
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Table 3.2 Altitude analysis of Han stream

; A lati

Elevation Area Area ratio Accumulation ceimuiation
(m) (k) (%) area rate
o ° (km?) (%)
0 ~ 200 7.01 19.06 7.01 19.06
200 ~ 400 6.09 16.57 13.10 35.63
400 ~ 600 6.96 18.93 20.06 54.56
600 ~ 1000 7.81 21.23 27.87 75.79
1000 ~ .82 24.21 36.69 100
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(2) ZAAHEA

T AALE BAS Ax Hi AAE 11.83 °2 UEgen, 10° olste]
AAA NG F9HA Y 5275 %= UEyth EX o &80 =8 AAF 20°
oldt A& 8433 %E UECeH 30° oA FAAAE F9H A 784 %E

Table 3.3 Slope analysis of Han stream

i Accumulation
Slope Area Area ratio Accumulation
) (k) (%) o rate
i (km?) (%)
0~ 10 19.32 92.75 19.32 92.75
10 ~ 20 11.61 31.58 30.93 84.33
20 ~ 30 2.88 7.83 33.81 92.16
30 ~ 40 1.81 492 35.62 97.08
40 ~ 1.07 2.92 36.69 100
i P ks
% Elevation(m) "'4%}
’ han_raster : Slope(?)
<VALUE> Fiéii sl
%Df 100 VALUE>
[ a0 - ao0 ; % IDI_-I SD
[ 2o - Bo0 N I 2 - 30
[ 501 - =00 I = - 40
[ =01 - 1000 : ; % [ B
. I 1ot - 1200 [ Ea)
I 201 - 1400 P 128 | e
? =14m-1smn ? L -
I 501 - 2000 3 - -
Fig. 3.2 Altitude analysis of Fig. 3.3 Slope analysis of
Han stream Han stream
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BEH oo Fus 24 A3 ¥ Iame 43023 m 2 UEger, s
200 m o3k AF& Ff AL 3802 %, 200~400 m A% 2224 %, 400~600
m A% 1318 %, 600~1000 m # % 13.75 %, 1000 m °’d A& 1281 %=

Table 3.4 Altitude analysis of Byeongmun stream

; Accumulati

Elevation Area Area ratio Accumulation cetimtation
(m) (km?) (%) ares rate
o ° (km?) (%)
0 ~ 200 8.6 38.02 8.6 38.02
200 ~ 400 5.03 22.24 13.63 60.26
400 ~ 600 2.98 13.18 16.61 73.44
600 ~ 1000 4.39 13.75 21.0 87.19
1000 ~ 1.69 12.81 22.69 100
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(2) AAHEA

WEA fo AAE BAY A% 9F AAE 657 °= YEwten, 10° o|a

B, 474 A9 fuAel 7647 %z dehgth £49

20° o]k A AL 9652 %= WERR e 30° oo wAAMAE 9

Table 3.5 Slope analysis of Byeongmun stream

FeETt ¥ A4

= 0O -

w066 %

i Accumulation
Slope Area Area ratio Accumulation
) (k) (%) o rate
i (k) (%)
0~ 10 17.35 76.47 17.35 76.47
10 ~ 20 4.55 20.05 21.9 96.52
20 ~ 30 0.64 2.82 22.54 99.34
30 ~ 40 0.13 0.57 22.67 99.91
40 ~ 0.02 0.09 22.69 100
H=s HE2dA
W#%‘ Elevation{m}) W%E Slope(”)
: gﬁmg;’aﬂe' ’ byeongmun_slp
[ Jo-1mo |<V:|ALU0E—>10
[ 101 - 200
[ 20 - 400 -0
[ 401 - 600 B 2 - =0
[ 6o - aon B 51 - 40
am-mnn e
— — -
| I 1401 - 1600 B
| I 1601 - 1800 [ E
B 1501 - 2000 - o
%!“EIHKHW‘EMS wﬁ—tﬁmmmmem
Fig. 3.4 Altitude analysis of Fig. 3.5 Slope analysis of
Byeongmun stream Byeongmun stream
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3.2.3 SAHA

Sabgl fele] EnE BAY A% WEDEE 15654 me eben, s 200

Table 3.6 Altitude analysis of Doksa stream

i Accumulatio
Elevation Area Area ratio Accumulation "
(m) (k) (%) area rate
o ° (km?) (%)
0 ~ 200 4.14 70.17 414 70.17
200 ~ 400 1.72 29.15 5.86 99.32
400 ~ 600 0.04 0.68 5.90 100
600 ~ 1000 - - - -
1000 ~ - - - -
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(2) AAHEA

A S0 AAE BA@ 4w 9E A4 396 o2 deton] 10° oao)
Je, A Aede faune] 0251 %2 Uehdth @ 200 olshe AL
0049 %2 WY A FUF FHOT heky
Table 3.7 Slope analysis of Doksa stream

. Accumulation | Accumulation
Slope Area Area ratio
©) (k) (%) e rate
’ (k) (%)
0 ~ 10 5.46 92.54 5.46 92.54
10 ~ 20 0.41 6.95 5.87 99.49
20 ~ 30 0.03 0.51 5.90 100
30 ~ 40 - - - -
40 ~ - : - -
f. =N o Sme
> —— Elevation(m) - .
& doksa_raster \ SIODE( )
: VALUE> s doksa_slp
0-100 < >
% 101 = 200 I%\'L;E— 10
[ 201 - 400 11 -20
[ 401 - 800 [ 2 - 50
601—800 [ B
8071 - 1000 -
I oot - 1200 | g Zz
B 201 - 1400 TR
I 401 - 1800 —
B 50 - 1800 - e
Bl cor - 2000 2 1 0o ) .

2 1 0

2 4 6

8

| Kilometers

Fig. 3.6 Altitude analysis of

Doksa stream

_52_

Fig. 3.7 Slope analysis of

Doksa stream



3.2.4 AAHA

shebal SAEZEE O] $1x]%F Aol B M=o 9 X]e EL715 m Ao A

o 715 sigoes FYdHE sHeE FEAGS 1347 kmolil F9HA LS

(o,
off
o

1
o
—
>
fop
O

AAR fele] ERE BAF A3 FFREE 28177 m = vdehior sw
200 m o]3} A2 9 HdAe 5645 %, 200~400 m #> 19.86 %, 400~600

m A9 21.30 %, 600~1000 m A S 239 %E AA 8T

Table 3.8 Altitude analysis of Sanji stream

i A lati
Elevation Area Area ratio Accumulation cetimuiation
(m) (k) (%) area rate
- ° (km?) (%)
0 ~ 200 827 56.45 8.27 56.45
200 ~ 400 2.91 19.86 11.18 76.31
400 ~ 600 3.12 21.30 14.3 97.61
600 ~ 1000 0.35 2.39 14.65 100
1000 ~ - - - -
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(2) AAHEA

Table 3.9 Slope analysis of Sanji stream

1o AAE BN A9 WF AAE 484 0% dEhton, 10° o|ste)
SAA AL femAel 8689 % Ueth EX BEEs B AA

20° oleh A 9795 %= Lhehon] 30° o4l FAAAE feuAel 021 %

i Accumulation
Slope Area Area ratio Accumulation
) (k) (%) e rate
° (km?) (%)
0~ 10 12.73 86.89 12.73 86.89
10 ~ 20 1.62 11.06 14.35 97.95
20 ~ 30 0.27 1.84 14.62 99.79
30 ~ 40 0.03 0.21 14.65 100
40 ~ - - - .
WONFS! i WONES|
v%s Elevation(m) u»%%z
S sl e o ot
0-100 sanji_sl
% R <VAJLUEF>)
[ 201 - 400 I 0 - 10
[ 401 - 600 [Jr-20
[ 601 - 800 B 21 - 30
[ s01 - 1000 I 5 - <0
[ 1001 - 1200 1 -5
| I 201 - 1400 s - o0
E_a’ B 1401 - 1600 -0
I 1601 - 1800 =;:zz

2 1.0 2 4 6 8 -180172000
. ot

Fig. 3.8 Altitude analysis of

Sanji stream
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Fig. 3.9 Slope analysis of

Sanji stream
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Table 4.1 Stream runoff observation point of Jeju Island
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Fig. 4.2 Observation of stream runoff using observation equipment

Fig. 4.3 Observation at stream runoff site
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Fig. 5.1 Application of Thiessen method in Jeju urban streams

Table 5.1 Area ratio of urban streams by Thiessen method

Rainfall Observatory

Jeju Ara | Eorimok | Witseoreum | Jindallaebat

Han Area(km?) | 392 | 898 1478 2.84 6.87

Stream | Ratin(96) | 1048 | 2402 | 3953 76 18.37

Byeongmun | Area( km?) | 1.88 8.11 - - 1.88

Stream | patin(9) | 1584 | 68.32 - - 15.84
Doksa | Area(km®) | 291 | 345 - - -
Stream | Ratin(%) | 4584 | 54.16 - - -

Sanji Area(km?) | 4.81 8.82 - - 1.02

Stream | patin(9) | 3283 | 60.2 - - 6.97
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Table 5.3 Area rainfall in urban streams by Thiessen method

Area rainfall(mm)

Han Byeongmun Doksa Sanji
Stream Stream Stream Stream
Typhoon ‘Khanun’ 275.01 214.26 165.12 186.84

Typhoon ‘Bolaven’
) o 1092.17 901.29 712.47 796.06

& ‘Tembin

Typhoon ‘Sanba’ 670.5 578.03 496.09 bh32.14
Typhoon ‘Nakri’ 861.86 500.64 283.46 379.68
Typhoon ‘Chaba’ 484.83 379.66 281.22 324.53

b b b w w
wn Q ul Q wm

MHZ 2 (mm)

=
o

p——

o
)\.@fs@‘s@q.@d@“\.@é@\‘;@d@&@ \.Q 'S@ i@'S& 5@ XS Q.':? \'@"J@ &S *\'@é@@' @@.@ o5 '5@ "56’,\.@@9 i @G@'&S&):\. '@-@'@m“'@rﬁ&

HE FH=(2012. 07. 17 ~ 19)

Fig. 5.2 Area rainfall in urban streams by Thiessen method(Typhoon Khanun)
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| 5] o] th(Table 5.4).
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Table 5.4 Rainfall Observatory in Jeju Island
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Table 5.5 Altitude distribution and area ratio of Thiessen method

Altitude distribution Area ratio of

Rainfall Altitude | of Thiessen method Thiessen method
Observatory (m) Min Max Downstream | Upstream

(m) (m) (%) (%)

Jeju 20.5 10 160 5.55 94.45

Ara 374.7 110 650 54.23 45.77

Eorimok 965 320 1280 81.09 1891

Witseoreum 1672 1120 1850 97.59 241

Jindallaebat 1489 620 1680 97.16 2.84

d¢-HSr2 FEEH WMO(World Meteorological Organization)ol| 4] #| A gk 7]
T2 vtgoR AXdEAdy. vty A9 g A SFATE AR Eo] glon

<3 ZtH(Table 5.6).
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Table 5.7 Density of rainfall observatories in the five major river basins of

Korea's inland regions

Area Rainfall A/R.O R.O/A
(km*) Observatory (km*/EA) (EA/km?)
Han
] 26264.9 187 140.5 0.0071
River
Nakdong
] 23701.9 175 1354 0.0074
River
Geum
) 9915 82 120.9 0.0083
River
Youngsan
] 3469.4 19 182.6 0.0055
River
Sumjin
) 4914.3 39 126.0 0.0079
River
Total 68,265.5 502 136.0 0.0074
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Table 5.8 Density of rainfall observatories in urban streams basin of Jeju Island

Rainfall Density
Area Ob .
servator
Com?) . y A/R.O R.O/A
(km*/EA) (EA/km*)
Han
36.69 5 7.34 0.136
Stream
Byeongmun
11.87 3 3.96 0.253
Stream
Doksa
6.35 2 3.18 0.315
Stream
Sanji
14.67 3 4.89 0.204
Stream
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AN F5% AFARE FEF AR

2 SFa=Eel EAYY 20129 BF Bkl Ahuk, 2016 Bl ARup ARl o
& B AE A e HHTable 6.1).

Table 6.1 Peak flow by heavy rainfall history observed in Han stream for the

last 5 years

NO. Time of occurrence Rainfall event Peak flow (cms)
1 2012.04.21 Severe rainfall 162.36
2 2012.04.25 Severe rainfall 54.42
3 2012.07.18 Typhoon ‘Khanun’ 167.36
4 2012.08.23 Severe rainfall 128.25
5 2012.08.28 Typhoon ‘Bolaven’ 431.82
6 2012.08.30 Typhoon ‘“Tembin’ 139.70
7 2012.09.17 Typhoon ‘Sanba’ 544.69
8 2013.05.27 Severe rainfall 106.74
9 2014.07.06 Severe rainfall 58.20
10 2014.07.09 Severe rainfall 45.77
11 2014.08.02 Typhoon ‘Nakri’ 331.55
12 2014.09.24 Typhoon ‘Fungwong’ 32.84
13 2015.07.11 Typhoon ‘Chanhom’ 289.63
14 2016.10.05 Typhoon ‘Chaba’ 846.33
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ot A

W Aol Aeetes A e A8sta o AATTE e d (5 R

H, 2012) 0014 EAo] & HH B EYwS Iul EXCEERF VT %3 fFE=A
7

AGZAE Leld CN B g B2 dA77F o] Fojxlon tx A2 e
2 Sharpley and Williams (1990), Huang et al.(2006)°] ¢]gF 2] o] Qlt}. Huang et
al.(2006)°l o] st W A2 & Al mE CN #he] ZFol7F A% 7] wjito] CN I}
CN IIIE ol&% XAo] 7testar =l B =W AFAECA 2827 &

Sharpley- Williams(1990) & 2 g3t 6.1).

Sharpely and Williams &2

(CNIH _CNH)

CNy slp — 3

« [1—2 « exp(—13.86 « slp)|+ CN, (2 6.1)

oA71M, CNyp,,= AAHE 8 d CNIelM, slp= BAF S HAWAARF,

CNI, CMIl= AP EFFr2dS

i)

FERAL g
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6.1.2 CN B @& FF A

S frele]l CN 24 Al 71&W

T

A AT AHAH(FENTE, 2012)S 4
70.16°]9, Sharpely and Williams &2]& % &3k

o
o
HAvh AAES e CN2 7|0l o3 CN B 6.2 % &5kl

@

N& 7450°0.= 4H4

EXIAE(TEF) CN 94 AH 7L CN | TAE(%)
zx 69 0 0 0
FFAAA A 75 234221.19 17566589.62 0.63
FTHAA 83 0 0 0
o4l 79 1003839.41 79303313.07 2.70
5 A 89 566439.46 50413111.64 1.53
7] EhtA] 86 856324.30 73643889.55 2.31
7] R Al A] 79 4311.63 340618.99 0.01
7] EF A 69 0 0 0
5 100 21367.73 2136773.23 0.06
554 100 11309.38 1130938.44 0.03
= 79 0 0 0
3 74 3481739.40 257648715.56 9.37
A 92 171931.53 15817701.16 0.46
ASkFA 100 0 0 0
1A A o 69 0 0 0
e 58 2960049.09 171682846.94 797
FAA A 85 730183.58 62065604.24 1.97
AN EA A 79 0 0 0
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Fig. 6.1 Comparison of flood discharge of typhoon Bolaven by CN calibration

of the Han stream watershed

Table 6.3 Comparison of flood discharge of typhoon Bolaven by CN calibration

of the Han stream watershed

Flood
. Peak Error Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time
431.82 &/27 23:00 - -
Observed
375.95 8/28 04:00 - - -
Manual
322.86 8/28 05:00 -53.09 1hr -14.12
(2012)
CN
] ] 339.83 &/28 05:00 -36.12 1hr -9.61
calibration

(2) ®F 2kl

A= o)
@TW%%t

jatod)
¢

FRrES 98 179 094 o A8kl o

5 2012)0 o3 HFHFE=S 46653 cmsEA] #
A Elo] 1435 %9 @ Ab&o] WAL HhH CNE

339.83 cms®E A HEA oM 961 %9 2
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Fig. 6.2 Comparison of flood discharge of typhoon Sanba by CN calibration of

the Han stream watershed

Table 6.4 Comparison of flood discharge of typhoon Sanba by CN calibration

of the Han stream watershed

Flood
] 00 Peak Error Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time
Observed 544.69 9:00 - - -
Manual
466.53 9:00 -78.16 - -14.35
(2012)
CN
) ) 47452 9:00 -70.17 - -12.88
calibration

(3) ®F ‘At

BE A Wis Al S 35 A9 AFrE2 109 059 044 302l 24 st

AASTE AR (FEASH, 2012)° o3 HFFE=FS 52846 cms=A o
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Fig. 6.3 Comparison of flood discharge of typhoon Chaba by CN calibration of

the Han stream watershed

Table 6.5 Comparison of flood discharge of typhoon Chaba by CN calibration

of the Han stream watershed

Flood E
) Peak rror Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time
Observed 846.33 04:30 - - -
Manual
528.46 05:30 -317.87 1hr -37.56
(2012)
CN
) ) 583.05 05:00 -263.28 0.5hr -31.11
calibration
AGHES BH TG NFoR NEPPAEAESE s, 0123 A

25 g 1412 ~ 3756 %9 ox7F TS
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Table 6.6 Comparison of flood discharge and error by CN calibration in the

Han stream watershed

Observed vs Observed vs

Flood discharge(cms) . .
Manual(2012) | CN calibration

Error Error
Manual CN Error Error

Observed (2012) librati ( ) rate ( ) rate
calibration | (cms cms

(%) (%)

Bolaven 375.95 322.86 339.83 53.09 14.12 | 36.12 9.61

Sanba 044.69 466.53 474.52 78.16 14.35 | 7017 | 12.88

Chaba 846.33 528.46 583.05 31787 | 3756 | 263.28 | 31.11
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s 74.00 2855708.62 211322437.53 24.06
FdA 92.00 129931.83 11953728.19 1.09
A tEA] 100.00 0.00 0.00 0.00

A EA o 69.00 0.00 0.00 0.00
Ab A 2 A 58.00 '719398.25 4605098.51 0.67
FAAY 85.00 589650.39 50120282.79 497
2 FA < 79.00 0.00 0.00 0.00
94 69.00 1062570.24 73317346.86 8.95

S A uf A 85.00 0.00 0.00 0.00

3 &= 100.00 0.00 0.00 0.00
=24 69.00 275756.81 19027220.12 2.32
g4 69.00 3700269.81 255318616.55 31.17
w3k A 5 F EA 69.00 110904.69 7652423.92 0.93
A2 2 al #] 85.00 137180.87 11660373.99 1.16
=4 69.00 602250.69 41555297.75 5.07
AL A LA 86.00 105594.65 9081139.63 0.89
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Fig. 6.4 Comparison of flood discharge of typhoon Chaba by CN calibration of

the Byeongmun stream watershed

Table 6.8 Comparison of flood discharge of typhoon Chaba by CN calibration

of the Byeongmun stream watershed

Flood E
) Peak rror Ratio
discharge Time Discharge Peak (%)

(cms) (cms) Time

Observed 204.04 05:00 - - -

Manual
144.09 05:30 -59.95 0.5hr -29.38
(2012)
CN
] ] 148.55 05:30 -55.49 0.5hr -27.2
calibration
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(2) =AFH

SALE 599 CN 24 Al 7|E0 e AT A LH(FELFTY 2012)S
A8 749 79.390]M, Sharpely and Williams &4]<S A &3 CN2 79.95% 24

HAvh BAES g CN2 7]l 9§ CN Bu 0.7 % skt

1‘
ol

EAYE(TETF) CN T HH 7t CN | TR HN(%)
=27 69.00 0.00 0.00 0.00
e AR o 75.00 74793.56 5609517.19 1.18
QA 88.00 0.00 0.00 0.00
T 79.00 863809.06 68240916.11 13.59
L EA] 89.00 785063.53 69870654.24 12.35
71 BF A 86.00 310573.45 26709316.37 4.89
71 EF A ul A 79.00 3108.45 2455677.36 0.05
7] BF 2 A] 69.00 0.00 0.00 0.00
S 100.00 0.00 0.00 0.00
W55 100.00 0.00 0.00 0.00
= 79.00 0.00 0.00 0.00
" 74.00 1017438.62 75290458.03 16.00
&A 92.00 289169.21 26603567.23 4.55
AFEA 100.00 0.00 0.00 0.00
A EA o 69.00 0.00 0.00 0.00
A = A 58.00 714545.35 4323630.18 1.17
FAA 85.00 1472206.47 125137550.18 23.16
A FA < 79.00 0.00 0.00 0.00
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a4 69.00 1057775.84 12986532.78 16.64

S5 2= A wll =] 85.00 0.00 0.00 0.00

3 100.00 0.00 0.00 0.00

KNG 69.00 104611.51 7218194.47 1.65

4AH 69.00 97358.78 6717755.94 1.53

3 Al 5 7 A 69.00 34474.13 2378714.88 0.54

AL A Al A 85.00 '718464.93 6669518.67 1.23

Q& =4 69.00 719837.95 5508818.69 1.26

A A A 86.00 13869.16 1192748.08 0.22
BE A g A fE AN TEY B3 Ao FFRES 109 069 044

AASTTFHE L") 93 AFFEES 11152 cmsE2A #= gHor 37.19
cms SA AP E o] 50.03 %9 QAFgo] wAETh ¥vhA CNS HA & T4w
2o 11212 cms®E AHAEAOH 50.84 %2 2 xp&o] LA

WAl g e BaEe ON A A AFHEwe wEol mvsigen

g A A=

9
e AR e A %39 tHFig. 6.5, Table 6.10).
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Fig. 6.5 Comparison of flood discharge of typhoon Chaba by CN calibration of

the Doksa stream watershed
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Table 6.10 Comparison of flood discharge of typhoon Chaba by CN calibration

of the Doksa stream watershed

Flood
] 00 Peak Error Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time
Observed 74.33 04:30 - - -
Manual
111.52 04:30 37.19 - 50.03
(2012)
CN
) ) 112.12 04:30 37.79 - 50.84
calibration

(3) AHAH

AFA] Z

483

0

4-$- 76.42°]M, Sharpely and Williams &
HAo AAEE a8l s CN2 7|EWHe 9 s CN Hrt} 243 %

oo ON A4 Al 71EHel AAEsE g aw (s

Table 6.11 Curve number of Sanji stream(Single watershed)

1>
o
2~
oo
o
@)
Z,
rlo
N
(0]
[\
(0]
f
2
o

EA I H(FET) CN FHE WA 7LE CN | FAH (%)
=% 69 0.00 0.00 0.00
TeAAEA A 75 376253.13 28218984.96 2.57
S HA A 33 12847.97 1130621.17 0.09
I 79 811564.22 64113573.07 5.54
g4 o 39 1457099.13 129681822.21 9.95
7] EFLEA] 86 1055885.26 90806132.23 7.21
71 EF 4wl A 79 27941.19 2207353.84 0.19
7] e 2 A] 69 0.00 0.00 0.00
S 100 21685.17 2168516.52 0.15
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W55 A] 100 94369.73 9436972.60 0.64

= 79 0.00 0.00 0.00

s 4 867356.58 64184386.99 5.92

F A A A 92 514157.95 47302531.57 3.51
AtEA 100 0.00 0.00 0.00
A A o 69 0.00 0.00 0.00
Al = A 58 627642.42 36403260.25 4.28

FAA A 85 2362473.30 200810230.50 16.13

A FA < 79 0.00 0.00 0.00

A4 69 1831057.32 126342954.76 12.50
S5~ 2= Al vl %] 85 0.00 0.00 0.00
3 & 100 0.00 0.00 0.00
&4 69 '715380.00 49361220.05 4.88
dArH 69 2664008.54 183816588.93 18.18
= 5h A5 F A 69 169043.88 11664027.91 1.15
A7 A A 85 4092.47 347859.75 0.03
SR 69 1036812.41 71540056.54 7.08
AFA YA 36 0.00 0.00 0.00

b W A RE PN E5Y B3 A3 AERES 109 069 044
of WAL O HFREFS 22225 ems Frk.

AASTF A aEd o AFFEFS 18034 cms ® #S @Rt 53.09 cms

[e)
o
shHel A mestel ON B4 A AFHEFe 25 % P45 ArkFig.
Table 6.12).

6,
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Fig. 6.6 Comparison of flood discharge of typhoon Chaba by CN calibration of

the Sanji stream watershed

Table 6.12 Comparison of flood discharge of typhoon Chaba by CN calibration

of the Sanji stream watershed

Flood
disch Peak Error Ratio
1scharge i
g Time Discharge Peak (%)
(cms) (cms) Time
Observed 222.25 04:00 - - -
Manual
189.34 05:00 -32.91 - -14.81
(2012)
CN
] ) 194.73 05:00 -27.52 - -12.38
calibration
AFEe HHe fol ERHoz FyHel Ym At W 54 Ha g
CN 4F4 Al Sharpely and Williams &21S A &3l AALE 183 43S
=
[e)

stk CN BA Al fodAe a7 245 W
Ao EEENEYE 2012) 71 vl Al AFREFY] s G5 A o
1 64 % <7tttk w3 #S FFEn vud fFEFEIHY R g
AFE LRk CNgE A A 71 Wl o3k Sadrt 1 ~ 1849 % S7Heto]
T g o] 7hs st Ath(Table 6.13).
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Table 6.13 Accuracy comparison of flood discharge by CN calibration

Accuracy of flood discharge

Accuracy of flood

correlation coefficients

Bolaven Sanba Chaba Bolaven Sanba Chaba
Han
45% 1 1.5% 1 6.4% 1 11.9% 1 5.2% 1 185% 1
Stream
B
yeongmun 219 1 19 1
Stream
Doksa
0.8% | 1.5% 1
Stream
Sani
ant 25% 1 1.8% 1
Stream
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Lo

TRt o 2008~2016119) ShHE -9 #HFARE & AR
TESAT FEAR FE Al A AN FEAMES MEA, SAR, AAA
SI7N fFErbdS At F 957 A& 7383 tH(Table 6.14)
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Table 6.14 Rainfall events applied for developing Time of Concentration formula

Number of rainfall events per observation points
Year Han Byeongmun| Doksa Sanji Total
Stream Stream Stream Stream
2008 2 2
2009 2 2
2010 10 10
2011 7 7
2012 10 2 1 1 14
2013 1 7 3 11
2014 5 4 9
2015 4 1 3 6 14
2016 3 9 8 6 26
Total 44 23 12 16 95
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Fig. 6.8 Flood hydrograph by applying new time-of-concentration formulas

- 103 -



T = 05512205 04
At EEAE A A e A8 HEE flske] 7€ 249 Kirpich 4], Rziha
T2 Kraven &2)(1), Kraven &2](II)3 7]

st A (el ARCROM)Ol A AIFgh =4I A A& vlu-HESIAT AE 4

Ny
N
rII.
ol
o
P
Ho
o2
)
i
Ak
2
™

g =& AgeE UeblthFig. 6.15). ool wel At #<fd AFAY 474 st

180
il e =5
160 = = L
] oig=
# —
140 B kerby
. kirpich
120 :
- - Qrziha
é 100 ] ’ ®Lraven T
9 'y F e
=1 80 & X A LravenII
= X . K & pi=pgam ¥ BEHHkraven
&0 Eo e
® L]
L]
: $
40 i
w
: K pe
20 2e
e ®
0

0 20 40 &0 80 100 120 140 160 180

H=Te(min)

Fig. 6.15 Examination of applicability of new time-of-concentration formulas

- 104 -



F5Y A4

1]

v
=

6.2.2 A7 EGA A&

(1) ®E ‘&t

(wijjjejurey

5 8 ® g
QN Hoo R dy T BE Fo W _. ; _ _ -
o yf M am EN _Zﬁ e e
o 7w FOROOR oE o | m | | Fa
&M i R | w w w b
o B T <o N | | | | ot
5 ®mr z=x oy A I
ol Loy o </ o 3K _J < _@M ook
) _ ¥e) T | | | | B
wE O TE wzomf oot
o ™ o ol A 3} Mrﬂ < MM ”Smﬂ
uE m, W_ B oy ox VL e ° SR
D R A R - wor
o\ i oo g . =
B b e axd ) ag o
Q@ Gl o = & o = o o) =iTH:
; < _E ;
NI o9 L S Y o - o0z
ool R © ESa! m_@ e 00'6T
. o o} S . Nr 2 g «© - 00t
M_HT W Wﬁ ﬂw\u Mc = ' N of /T.,\ CO0ET
oF i =B N < iy " " " 0ot
o R L R A I B e
T = COROONE - S R S ) | _ | e
jay <F £ 0 =o o0'T
= \mwo file) ﬂ_Dl 5} JH ()] ~ onEe
to B o RO -~ O 00T
W.‘_ 0| Ai_l (- < £ Y % < - oo _mﬁ
) < 010 _ g ow
ol o oy T N B o ﬂw =) " m m m R
) —~ ﬂw N
N o i § N P o= W — ! | | | oot
o RO s mo & o e = < " | m m - 00
=] nmE il L Ot =0 “ o0
= T oy o /Zm WO oy N 00t
B b g oo P e
M N B SRR T 0
ToroL TR - T R
- —_ N owH ,AL = X nace} :i ~ m | | | " O0ET
o < = o N & m | ! m o
WO i N & oF = O | | | | 0oL
T ow A- TR u- " m | m oo
oG 1H o T o st | " " " ;
S % ] T oo Y om % . i " " on'e
R ) T o, ® 3 E g8 = & B -
T o9 KR M_,mrw go XV WM ”.I dl | OH_M [sw2jabieyrag
CEE) <) X ST o9 7

Change of Tc

2012y ear

2012.08.25 ~08.29
® Observed flow

- 105 -

| oSS

new travel time of the Han stream watershed

W Precipitation
Fig. 6.10 Comparison of flood discharge of typhoon Bolaven by applying the



Table 6.15 Comparison of flood discharge of typhoon Bolaven by applying the

new travel time of the Han stream watershed

Flood
| 00 Peak Error Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time

431.82 8/27 23:00 - - -

Observed
375.95 8/28 04:00 - - -
Manual
322.86 8/28 05:00 -53.09 1hr -14.12
(2012)
New Tc 341.83 &/28 04:00 -34.12 - -9.08

(2) ®F 2kl

Table 6.16).
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Fig. 6.11 Comparison of flood discharge of typhoon Sanba by applying the

new travel time of the Han stream watershed

Table 6.16 Comparison of flood discharge of typhoon Sanba by applying the

new travel time of the Han stream watershed

Flood
disch Peak Disch Error Peak Ratio
ischarge
g Time ischarge .ea (%)
(cms) (cms) Time
Observed 544.69 9:00 - - -
Manual
466.53 9:00 -78.16 - -14.35
(2012)
New Tc 506.38 9:00 -38.31 - -7.03
(3) B& ‘Apnp
HE A UlE A 5 B3 A3 ATHES 109 069 044 3080 A
gom HAEFEHES 84633 cms 2 #=H Ak
AAZT = Ao wel 143 Kraven 1[I 4] A &35l T4#S 44
A AFHFE=S 52846 cms® W= FHTF 317.87 cms WA AR E O 3756 %
o] eab&o] WA o HF fF&F A AE 1AIZF =4 EA ST [bd ) Al
F RGNS A8 F F5Y A4 A AFHETE 66951 cms 2 BE F427
20.89 % 9] oxp&o] WAste] AEE=7F 167 % S 7FE A vH(Fig. 6.12, Table 6.17).
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Fig. 6.12 Comparison of flood discharge of typhoon Chaba by applying the

new travel time of the Han stream watershed

Table 6.17 Comparison of flood discharge of typhoon Chaba by applying the

new travel time of the Han stream watershed

Flood
disch Peak Error Ratio
ischarge i
g Time Discharge Peak (%)
(cms) (cms) Time
Observed 846.33 04:30 - - -
Manual
528.46 05:30 -317.87 1hr -37.56
(2012)
New Tc 669.51 05:00 -176.82 0.5hr -20.89
dAB=S B3 T4EFS JFoR VEAEAATSE e, 2012) W A

T =EAT A Gl mE Fade vaste] A efsklti(Table 6.18).
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Table 6.18 Comparison of flood discharge and error by Time of concentration

in the Han stream watershed

Flood discharge(cms)

Observed vs

Observed vs

Manual(2012) New Tc
Error Error
Manual Error Error
Observed (2012) New Tc ( ) rate ( ) rate
cms cms
(%) (%)
Bolaven 375.95 322.86 341.83 53.09 14.12 34.12 9.08
Sanba 544.69 466.53 506.38 78.16 14.35 38.31 7.03
Chaba 846.33 528.46 669.51 317.87 37.56 176.82 20.89
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o
1=

=

24 A3

FHEHEFE 144.09 cms =2 = FET 5995 cms 9

&0

2

o
FHELFS 17338 cms = 1503 % <

~Hg el 29.38 % 9
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ol

tel 144 % ©] %

J|

A
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Table 6.19 Comparison of flood discharge of typhoon Chaba by applying the

new travel time of the Byeongmun stream watershed

Flood
disch Peak Error Ratio
ischarge i
g Time Discharge Peak (%)
(cms) (cms) Time
Observed 204.04 05:00 - - -
Manual
144.09 05:30 -59.95 0.5hr -29.38
(2012)
New Tc 173.38 05:00 -30.66 - -15.03
(2) =AM

AA
SYAF A4 A ALY Kraven I #42 Ag3te] 53 44T 45 HF
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Fig. 6.14 Comparison of flood discharge of typhoon Chaba by applying the

new travel time of the Doksa stream watershed
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Table 6.20 Comparison of flood discharge of typhoon Chaba by applying the

new travel time of the Doksa stream watershed

Flood
. Peak . Error Ratio
discharge Time Discharge P.eak (%)
(cms) (cms) Time
Observed 74.33 04:30 - - -
Manual
111.52 04:30 37.19 - 50.03
(2012)
New Tc 108.93 04:30 34.6 - 46.55

(3) AFAH

F oA U Al AARN Fre B3 A AFFEE 109 069 04410
wAystg o] B

[e]
4
AAFFE A8

o
i)
-
Jo
i\
ol
rlo
2
N
)

2

fr

A AFRFEEFS 21687 cms E 248 % 9] x&o] HAsR e 123 %o HF

L7t 3= )l ok(Fig. 6.15, Table 6.21).
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Table 6.21 Comparison of flood discharge of typhoon Chaba by applying the

new travel time of the Sanji stream watershed

Flood
) Peak . Error Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time
Observed 222.25 04:00 - - -
Manual
189.34 05:00 -3291 - -14.81
(2012)
New Tc 216.87 04:30 -5.38 0.5hr -2.48

Esldow MAAZTSFTE A JE=d v A JAF FEFY] A} §F A
Aol wel 35 ~ 167 % =7Fekt. w3 B Sewd Hudt fEFETAY
R? k& 122 ~ 772 % Z7 ste] 23F “@AzF A8 A 7]& Wy v A Es

Table 6.22 Accuracy comparison of flood discharge by Time of concentration

. Accuracy of flood
Accuracy of flood discharge . .
correlation coefficients
Bolaven Sanba Chaba | Bolaven Sanba Chaba
Han
5% 1 7.3% 1 16.7% 1 23.4% 1 28.9% 1 77.2% 1
Stream
B
veonsmun 14.49% 1 15.69% 1
Stream
Doksa
35% 1 12.2% 1
Stream
Sanji
12.3% 1 23.4% 1
Stream
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Table 6.23 Comparison of flood discharge of typhoon Bolaven by

division of the Han stream watershed

sub-watershed

Flood
] 00 Peak Error Ratio
discharge Time Discharge Peak (%)
(cms) (cms) Time
431.82 &/27 23:00 - -
Observed
375.95 &/28 04:00 - -
Manual
322.86 &/28 05:00 -53.09 1hr -14.12
(2012)
Sub-basin 365.42 &/27 23:00 -66.4 - -15.38

(2) ®F 2kl

600 -

400 -

Dischargeicms)

200 -

- 50

- 100

Rainfall(mm)

o
mn
Q

I Crecipitation

I [ Oss

2012.09.13 ~09.17

= Observed flow

— 3012 year

200

— Dividing watershed

Fig. 6.18 Comparison of flood discharge of typhoon Sanba by sub—watershed

division of the Han stream watershed
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Table 6.24 Comparison of flood discharge of typhoon Sanba by sub-watershed

division of the Han stream watershed

Flood
disch Peak Error Ratio
ischarge i
g Time Discharge Peak (%)
(cms) (cms) Time
Observed 544.69 9:00 - - -
Manual
466.53 9:00 -78.16 -14.35
(2012)
Sub-basin 568.85 9:00 24.16 - 4.44

(3) ®F ‘Ank

T A s Al 5 #S5 A% AT FES 108 059 044 304l A
StRom 42 846.33 cms =

AAZSFH g ad e A F

52846 cms® = FtHET} 317.87 cms SHA A E]

o]
fom AT F% WA AZE 1A %A BASAT Y, AFE 54 @

Dischargelcms)

Rainfall(mm)

2016.10.02 ~ 10.05

 Precipitation | 0SS = Observed flow —2012year —Dividing watershed

Fig. 6.19 Comparison of flood discharge of typhoon Chaba by sub-watershed

division of the Han stream watershed
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Table 6.25 Comparison of flood discharge of typhoon Chaba by sub-watershed

division of the Han stream watershed

Flood
disch Peak Error Ratio
ischarge i
g Time Discharge Peak (%)
(cms) (cms) Time
Observed 846.33 04:30 - - -
Manual
528.46 05:30 -317.87 1hr -37.56
(2012)
Sub-basin 885.22 05:00 38.89 0.5hr 4.60
AFAZS 53 T4HFS VFoR VEEATSTH g ad, 2012) WHY 4

o el WE S v skl tH(Table 6.26).
2= 4% A4 A BESAR O] 3756 ~ 1412 % o 9A7}
A Al -1538 ~ 460 % o A7t

Table 6.26 Comparison of flood discharge and error by sub-watershed division

of the Han stream watershed

Observed vs Observed vs

Flood discharge(cms) .
Manual(2012) Sub-basin

Error Error
Manual Sub Error Error
Observed (2012) basi ( ) rate ( ) rate
asin cms cms
(%) (%)
431.82 - 365.42 - - -66.4 -15.38

Bolaven
375.95 322.86 367.23 -53.09 | -14.12 -9.72 -2.59

Sanba 944.69 466.53 568.85 7816 | -14.35 | 24.16 4.44

Chaba 346.33 028.46 885.22 | 31787 | -37.56 | 38.89 4.60
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Table 6.27 Comparison of flood discharge of typhoon Chaba by sub-watershed

division of the Byeongmun stream watershed

Flood
disch Peak i Error Ratio
ischarge
g Time Discharge Peak (%)
(cms) (cms) Time
Observed 204.04 5:00 - - -
Manual
144.09 5:30 -59.95 0.5hr -29.38
(2012)
Sub-basin 221.6 4:30 23.56 -0.5hr 11.55

(2) =13

A tH(Fig. 6.21).
AASTF e e g4 fF9o= IS AAT A HF FEFS

11152 cms = ¥ gEv 3719 cms =7 2] 5003 % ¢ eabso] wAYs}
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Table 6.28 Comparison of flood discharge of typhoon Chaba by sub-watershed

division of the Doksa stream watershed
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Table 6.29 Comparison of flood discharge of typhoon Chaba by sub-watershed

division of the Sanji stream watershed
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Table 6.30 Accuracy comparison of flood discharge by sub-watershed division

Accuracy of flood discharge

Accuracy of flood

correlation coefficients

Bolaven Sanba Chaba Bolaven Sanba Chaba
Han
115% 71 | 14.35% 1 | 376% 1 37.4% 1 66.1% 1 65.2% 1
Stream
B
yeongtith 29.49% 1 27.19% 1
Stream
Doksa
2.5% 1
Stream
Sanji
14.8% 1 371% 1
Stream
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Table 6.31 Comparison of flood discharge and error by combination of parameters

in the Han stream watershed

Observed vs Observed vs

Flood discharge(cms) L
Manual(2012) Combination

. Error Error
Manual | Combi Error Error
Observed (2012) . ( ) rate ( ) rate
nation cms cms
(%) (%)

375.95 322.86 374.69 71.12 23.3 1.26 0.34
Bolaven

544.69 466.53 583.04 78.16 14.35 38.35 7.04

Sanba 846.33 528.46 920.52 31787 | 37.96 74.19 8.77

Chaba 346.33 528.46 885.22 | 31787 | -37.56 | 38.89 4.60
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Table 6.32 Comparison of parameters for estimation of flood discharge
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(Table 6.33).

Table 6.33 Accuracy comparison of flood discharge by combination of parameters

. Accuracy of flood
Accuracy of flood discharge . o
correlation coefficients
Bolaven Sanba Chaba | Bolaven Sanba Chaba
Han
23% 1 7.3% 1 28.8% 1 36.3% 1 487% 1 | 171.6% 1
Stream
B u
veongmun 10.8% 1 20.6% 1
Stream
Doksa
2.6% 1 -
Stream
Sanji
an 1.296 1 39.79 1
Stream
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8 %%

Table 8.1 Curve Number considering sub-watershed classification and river slope

of Han stream watershed

9 | EXAIYE(FERF)| CN i WA 715 CN | 7+A48](%)
Tz 69 0.00 0.00 0.00
TEAEA S 75 71858.31 5389373.57 2.40
TAA Y 88 0.00 0.00 0.00
44 79 43223757 34146768.28 14.45
WLEA] 89 315645.54 28002452.71 10.55
7 EF}A] 86 39319.78 3381501.47 1.31
7) EF 2w A 79 4311.63 340618.99 0.14
7B %A 69 0.00 0.00 0.00
RIE 100 6147.34 614734.44 0.21
W55 100 0.00 0.00 0.00
= 79 0.00 0.00 0.00
i3 74 638091.17 47218746.71 21.33
Sub Ao 92 142330.34 13094391.09 476
basin A Q7] 100 0.00 0.00 0.00
1 DR 69 0.00 0.00 0.00
Y 58 55087.36 3195067.16 1.84
FAA A 85 630290.44 53574687.29 21.07
A4 A 79 0.00 0.00 0.00
1954 69 328077.34 22637336.77 10.97
h-$-2 A ) 7] 85 0.00 0.00 0.00
A F4 100 1539.53 153953.27 0.05
£ 69 0.00 0.00 0.00
¢ 69 32035.63 2210458.76 1.07
Fa A FEA |69 12833858 8855361.86 4.29
A1 A ) 7] 85 45259.91 3847092.25 151
QIS 69 54347.05 3749946.78 1.82
A 114 86 66270.69 5699278.98 2.22
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Sub

basin

=% 69 0.00 0.00 0.00
e AAA S 75 17567.93 1317594.44 0.39
S 9A A 38 0.00 0.00 0.00
T2 79 339365.88 26809904.58 7.53
g A o 39 91888.47 8178073.76 2.04
71 Eb A 36 103215.31 8876517.05 2.29
71 EF A ul A 79 0.00 0.00 0.00
7] B 2 A] 69 0.00 0.00 0.00
W5 100 15220.39 1522038.79 0.34
554 100 11309.38 1130938.44 0.25
= 79 0.00 0.00 0.00
Ll 74 1147267.86 84897821.61 25.46
FAAS 92 24685.94 2271106.13 0.55
A tEA 100 0.00 0.00 0.00
A A S 69 0.00 0.00 0.00
AA 2 A 58 314694.10 18252257.58 6.98
FAA A 85 96537.53 8205689.88 2.14
A FA o 79 0.00 0.00 0.00
A4 69 847373.64 o8468781.48 18.81
S5~ 2= A vl %] 85 0.00 0.00 0.00
el g 100 0.00 0.00 0.00
=2+ 69 158726.01 10952094.59 3.92
g 69 253160.35 17468064.17 5.62
w3k A 5 F A 69 22232.31 1534029.44 0.49
A2 2] A 85 27164.61 2308991.88 0.60
SR 69 1034441.87 711376489.09 22.96
AFA LA 36 665.66 57246.69 0.01
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Sub

basin

=% 69 0.00 0.00 0.00
e AAA S 75 102869.73 7715229.96 0.61
S 9A A 38 0.00 0.00 0.00
T2 79 232235.95 18346640.11 1.38
g A o 89 151151.29 13452465.19 0.90

71 Eb A 36 605911.63 52108400.32 3.99

71 EF A ul A 79 0.00 0.00 0.00
7] B 2 A] 69 0.00 0.00 0.00
W5 100 0.00 0.00 0.00
W55~ 100 0.00 0.00 0.00
= 79 0.00 0.00 0.00

Ll 74 1678238.29 124189633.77 9.95
FAAS 92 4915.26 452203.94 0.03
A tEA 100 0.00 0.00 0.00
A A S 69 0.00 0.00 0.00
AA 2 A 58 1694161.46 98261364.43 10.04
FAA A 85 3355.61 285221.23 0.02
A FA o 79 0.00 0.00 0.00
A4 69 3628693.40 250379844.35 21.51
S5~ 2= A vl %] 85 0.00 0.00 0.00
el g 100 0.00 0.00 0.00
=2+ 69 1309427.70 90350511.40 7.76
g 69 6087775.27 420056493.53 36.09
w3k A 5 F A 69 40271.12 2778707.58 0.24
A2 2] A 85 24649.17 2095179.43 0.15
SR 69 1256379.95 86690189.09 7.45
AFA LA 36 49938.83 4294739.60 0.30
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Sub

basin

Fx% 69 0.00 0.00 0.00
TTAIAEA A 75 41925.22 3144391.43 0.33
CRl 88 0.00 0.00 0.00
el 79 0.00 0.00 0.00
WEA A 89 7754.16 690120.13 0.06

7] EFLHA] 86 107877.58 9277472.28 0.84

71 ERA] 1 2] 79 0.00 0.00 0.00
71 EFZ2A] 69 0.00 0.00 0.00
&5 100 0.00 0.00 0.00
US54 100 0.00 0.00 0.00
= 79 0.00 0.00 0.00

ut 74 18142.10 1342515.56 0.14
FaA 92 0.00 0.00 0.00
AetFA 100 0.00 0.00 0.00
QA A A o 69 0.00 0.00 0.00
A Z ] 58 896106.16 5197415751 7.01
FAA 85 0.00 0.00 0.00
B2 4 79 0.00 0.00 0.00
A4 69 2476290.06 | 170864014.25 19.38
S5~ 2= 2| 1 %] 85 0.00 0.00 0.00
3 & 100 0.00 0.00 0.00
a9 69 873051.57 60240558.15 6.83
g 69 8342316.30 | 575619824.86 65.30
w3 A & FA 69 0.00 0.00 0.00
A A ) 4] 85 0.00 0.00 0.00
AT %A 69 12456.42 859493.00 0.10
A}l 1A 86 0.00 0.00 0.00
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Table 8.2 Curve Number considering sub—watershed classification and river slope

of Byeongmun stream watershed

EXAYE(FET)| CN fr9 a3 HA 7% CN | A8 (%)

x4 69 0.00 0.00 0.00

FTEAEA Y 75 78534.86 5890114.44 2.21

FT9A Y 88 0.00 0.00 0.00
44 79 596816.95 47148539.15 16.77
EA 89 415762.25 37002840.20 11.68

71 ebrhA] 86 163377.03 14050424.62 459

7] e} 2 1 4] 79 0.00 0.00 0.00

7)€tz 4] 69 0.00 0.00 0.00

RS 100 0.00 0.00 0.00

EER 100 0.00 0.00 0.00

= 79 0.00 0.00 0.00
i3 74 923366.97 68329155.75 25.94

Sub AR o 92 102972.02 9473426.11 2.89
basin A 54 100 0.00 0.00 0.00
1 A A 69 0.00 0.00 0.00
A 2 ) 58 14831.26 860213.26 0.42

F7A 85 586765.11 49875034.76 16.49

A 344 ] 79 0.00 0.00 0.00

A944 69 158935.15 10966525.42 4.47

3}-9- 2~ 2 1 %] 85 0.00 0.00 0.00

3 F 4 100 0.00 0.00 0.00

54 69 6201.86 42792843 0.17

g4 69 87470.62 6035472.69 2.46

F- A FEA |69 11085655 7649101.68 3.11

A1 2wl 2] 85 98623.99 8383039.45 2.77

QF %A 69 141839.21 9786905.40 3.99

A ) 86 72799.30 6260739.46 2.05
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Sub

basin

Fx% 69 0.00 0.00 0.00
FFAIAAA 75 27580.98 2068573.85 0.51
G 88 0.00 0.00 0.00
e 79 351730.26 27786690.16 6.55
WEA S 89 3557791 3166433.69 0.66

71 EbA] 86 515710.05 44351064.21 9.60

71 ERA] ) 4] 79 6623.44 523251.69 0.12
71 EF 2 A 69 0.00 0.00 0.00
&5 100 0.00 0.00 0.00
WEsFA 100 0.00 0.00 0.00
- 79 0.00 0.00 0.00
Ly 74 193234156 | 142993275.59 35.99
FAA Y 92 26959.81 2480302.32 0.50
ek A 100 0.00 0.00 0.00
A A S 69 0.00 0.00 0.00
S 58 60836.32 3528506.62 1.13
FAAY 85 2742.16 233083.24 0.05

Y g-A] 79 0.00 0.00 0.00
A4 69 815820.38 56291606.46 15.19
&5~ 2= 2] ) ] 85 0.00 0.00 0.00
3 & 100 0.00 0.00 0.00
a9 69 224841.34 15514052.42 4.19
g9 69 914912.40 63128955.72 17.04
w3 A - F A 69 48.12 3320.09 0.00
A2 A il A] 85 38556.88 3277334.57 0.72
AT %A 69 382512.38 26393354.33 712
Aped A 86 32795.35 2820400.15 0.61
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Sub

basin

=% 69 0.00 0.00 0.00
A A A 75 470.30 35272.35 0.02
SAA Y 88 0.00 0.00 0.00
T2 79 0.00 0.00 0.00
g A o 39 13091.79 1165169.40 0.45
71 B 36 4450.21 382718.02 0.15

7] BF A ) A 79 11758.56 928926.60 0.40
71 BF A 69 0.00 0.00 0.00
S 100 0.00 0.00 0.00

W 555 A 100 0.00 0.00 0.00
= 79 0.00 0.00 0.00

Ll 74 0.00 0.00 0.00
FAAS 92 0.00 0.00 0.00
AtEA] 100 0.00 0.00 0.00
A A < 69 0.00 0.00 0.00
AbA = A 58 3730.67 216378.58 0.13
FAA A 85 143.14 12166.66 0.00
A F A A 79 0.00 0.00 0.00
A4 69 87814.75 6059217.63 2.98
B9~ 2= A vl %] 85 0.00 0.00 0.00
g 100 0.00 0.00 0.00
sa¥ 69 44713.61 3085239.27 1.52
g9 69 2697886.66 186154179.47 91.70
Sh- A5 F A 69 0.00 0.00 0.00
A2 Al #] 35 0.00 0.00 0.00
& =4 69 77899.15 5375041.05 2.65
LA LA 36 0.00 0.00 0.00
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Table 8.3 Curve Number considering sub—watershed classification and river slope

of Doksa stream watershed

EXVE(FTEF) CN a3 HA 7% CN | A8 (%)
% 69 0.00 0.00 0.00
FFAIAAA 75 67316.24 5048717.70 1.83
TAA A 88 0.00 0.00 0.00
R 79 378945.93 29936728.73 10.33
WEA S 89 739554.14 65820318.04 20.16
71 EbA] 86 215929.67 18569951.73 5.89
71 ERA] v A] 79 3095.88 244574.70 0.08
71EF 24 69 0.00 0.00 0.00
U5 100 0.00 0.00 0.00
WE5A 100 0.00 0.00 0.00
= 79 0.00 0.00 0.00
s 74 383411.80 28372473.26 10.45
Sub FAAS 92 282218.90 25964138.36 7.69
basin ek A 100 0.00 0.00 0.00
1 R 69 0.00 0.00 0.00
SIS 58 381.49 22126.59 0.01
FAA 85 143837368 | 122261762.57 39.20
A g-A] 79 0.00 0.00 0.00
A4 69 80979.68 5587597.72 2.21
S5~ 2= 2| ) %] 85 0.00 0.00 0.00
3 & 100 0.00 0.00 0.00
59 69 13403.70 924855.30 0.37
g9 69 0.00 0.00 0.00
w3 A 5 F A 69 20282.07 1399463.07 0.55
A A vl A 85 9650.64 820304.11 0.26
AF %A 69 21708.93 1497916.34 0.59
Apd A 86 13623.68 1171636.14 0.37
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Sub

basin

Fx% 69 0.00 0.00 0.00
FFAIAAA 75 7477.33 560799.82 0.28
FTHA 88 0.00 0.00 0.00
| 79 484863.13 38304187.44 18.04
WEA S 89 45509.40 4050336.33 1.69
71 EbA] 86 94643.78 8139364.98 3.52

71 ERA] ) 4] 79 12.57 992.70 0.00
71EF2A] 69 0.00 0.00 0.00
RIESS 100 0.00 0.00 0.00
WEFA 100 0.00 0.00 0.00
= 79 0.00 0.00 0.00
ut 74 634026.81 46917984.19 23.59
FAAS 92 6950.31 639428.82 0.26
AetEA 100 0.00 0.00 0.00
A A < 69 0.00 0.00 0.00
S 58 74163.86 4301503.60 2.76
FAA A 85 33832.78 2875786.63 1.26
A FA 4 79 0.00 0.00 0.00
A4 69 976796.15 67398934.39 36.34
&5~ 2] 1 %] 85 0.00 0.00 0.00
3 & 100 0.00 0.00 0.00
229 69 91207.81 6293339.17 3.39
g9+4 69 97358.77 6717755.34 3.62
w5 A & F A 69 14192.05 979251.77 0.53
A2 Al A 85 68814.29 5849214.76 2.56
AT %A 69 58129.02 4010902.46 2.16
A A 86 245.49 2111191 0.01
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Table 8.4 Curve Number considering sub—watershed classification and river slope

of Sanji stream watershed

EXAYE(FTER)| CN R i HA 7% CN | 4 8](%)

=g 69 0.00 0.00 0.00

FFA A Y 75 309421.15 | 23206586.43 4.27

FUA Y 88 1284797 113062117 0.18

759l 79 66038895 | 52170726.74 9.11
WEA A 89 1328659.07 | 11825065725 |  18.33
7 EhitA| 86 72869051 | 62667384.00 10.05

7R A B 2] 79 10060.67 79479273 0.14

712 A 69 0.00 0.00 0.00

5 100 7185.82 718581.64 0.10

F35A 100 89681.74 8968174.27 1.24

= 79 0.00 0.00 0.00

W 74 676212.02 | 50039689.79 9.33

Sub A A 9 92 49797661 | 4581384795 6.87
basin kA 100 0.00 0.00 0.00
1 gletal A 69 0.00 0.00 0.00
24 2 7] 58 58362.76 3385039.96 0.80

FAA 85 228063582 | 19385404477 = 31.46

A A 79 0.00 0.00 0.00

A9 69 088457.87 | 19903593.18 3.98

3922 A ) 85 0.00 0.00 0.00

ERES 100 0.00 0.00 0.00

2ad 69 50321.69 3472196.90 0.69

2] 69 30899.60 2132072.64 0.43

2ob A& FEA | 69 114534.84 7902903.85 158
SRR B 85 4092.47 347859.75 0.06

g2 69 101768.68 7022038.94 1.40

PRSRREY 86 0.00 0.00 0.00
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Sub

basin

Fx% 69 0.00 0.00 0.00
FFAIAAA 75 66831.98 5012398.19 1.29
FTHA A 88 0.00 0.00 0.00
e 79 151175.27 11942846.21 2.91
WFA Y 89 127261.08 11326236.28 2.45
71 EbA] 86 327076.48 28128576.86 6.30

71 ERA] ) 4] 79 17880.52 1412561.11 0.34
71 EF 24 69 0.00 0.00 0.00
W5 100 14499.35 1449934.88 0.28
W55 A 100 4687.98 468798.31 0.09
7= 79 0.00 0.00 0.00

ut 74 191144.56 14144697.48 3.68
FAAS 92 16181.34 1488683.13 0.31
AetFA 100 0.00 0.00 0.00
A A S 69 0.00 0.00 0.00
A1 Z A 58 544971.67 31608356.86 10.50
FAA Y 85 73640.47 6259440.35 1.42

Af g-A] 79 0.00 0.00 0.00
A4 69 1202448.65 82968957.08 23.16
S22 A %] 85 0.00 0.00 0.00
3 & 100 0.00 0.00 0.00
59 69 544985.19 37603978.33 10.50
g4 69 932671.96 64354365.17 17.97
w3 A & F A 69 54509.04 3761124.05 1.05
A2 A Bl #] 85 0.00 0.00 0.00
AT %A 69 921323.26 63571305.14 17.75
Apd A 86 0.00 0.00 0.00
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Sub

basin

=% 69 0.00 0.00 0.00
A A A 75 0.00 0.00 0.00
SAA Y 88 0.00 0.00 0.00
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