147~162%

el MAIFO0ILL

2013. 02

=3

F=RD2el=8 Moz X2

e

HEC-HMS

tAC

S

T 2 ojrjus S
SO

(@)
5

k

[ -

C
o_O=
T_Trg—l;'—

=2 =& OHoH
HH 2.21hrE

g 9lsk

A
(]

PMF

HEC-HMSS| DW= &

= s

A
U;#_l_

oF
0J
H

b

1o

Ok

ol
RO
KF

oD

tA

t

~
(=]

110

0o

0l

0l
<
10
R0

0]

Kraven(Il)

o
j—

ZIH OHOHHA

=

S

{Ch 2 A70ME PMF MEE 2

[
AN

0t

110

HEC-HMS, JtsZItH

o o=
l'—r, TT=,

(=)

FEEZAIZE2 1.68hr2
2

FHO!:
. ME

-

5

°

toll =

T 1,288mme] Bl

[}

x|

il

jus

o] 2/30 e]=H Al

}
1COD T f3l == A5 ek

o]
A
B A

}

<=(Monsoon) 7| A& o &

Ak el ARIAd(127]E

z]

&
==

HEAREo] Eoloh Aol BZE AA vigar ofFell B7E Bl vidth
71

J

A
=

=

al

al

?‘51,

¥

=
I &
i=]

ok

9]
ZE)

o
}

o
AT

7]
oFx|Hof A Ftf

p

RN B

T
—
* R o



2013. 02

=l

Dl2el=d XA H2

o
T

r

5|

b glom, SeuehE ol

et

SHA

7F w

3-8

7)VdeH o Rl o]%

4ol

A AA

b g

3]
pud

weh ud el v
cRAog Aguolel & AL

o Atk

L
R

2 (Probable Maximum Flood, PMF)ZE & =3}

g A = TFeHUE

Aed da

7Vs
= 2 ()
T R

geja o

ol A

FH )72 (Probable  Maximum

1=
[e]

7}

gol=,

A==

Precipitation, PMP)S 3 o2

2004, 2005).

stk webA 2 Al

o
w

°]

ated

4 we T

wee] 7

s, e

S|
ay

2 49 HEC-HMSS| wiAws: ues &

Q_O__

PMF 238 S1% 9elwe] 24 vuss A4

5

afaLa} gk

of §tE7} o} PMFe]

=1}
=4

3

sle] go] ekl AL o] ]

=
T

3194

L
R

A4 1288mmur} v 47 vept

)

guhet
<Fig. 1>3 2t}

[e]
-+

T 7S 1,227.0mm=EA]

3

Dz

bl

9



mor
o m_u
w2 .
o :
5z g
= o ;
=i :
g X :
T A= )
5T ® :
% = £ 3
f o 3 ml‘_ o
.uﬂ 5 P mo 0
T P oE R
] -l < B
5 ¢ FERE N
m i PO
m ol s w5 =
] w_.m o N 8o . = i
g ~ % o o < o I
A T L z Wm E >
4|. O_H J_,NO ﬂ_—Hl O_H ‘Wu ‘Wn_u
En||s O,T ﬂAFL OT O,T OL«M a} ,.WO
vV o .E ﬂo N _ﬂW.VH J_,mo
© 2 R
_ﬁm % w N = H o
S = + Wm = L Z
- gy = = g ) ®
Eo_u} %m;nmnn__/u o=
O o % : :
= ® % ° # :
v om s X G B = 5 =
25 E G §8% t2
) P o
Mm Ee o_u ~N o_u :i of [}
g -3 23
— K OT —_ , O_ \Ul %
7l T 3 LAOT,%L@J
0 2w %%ﬂoﬁﬁmz
: s %@%ﬂuawnma
31 IR gy il * & :
g }Mﬁa%%w
7 )
T T o

2
=]
=

S|
=



150 &t=fo2el=& H92 H2& 2013. 02

2 Ao g §9991 maEde] §9 AA i 2 7Y SRS FEE] f8 AR 3
gEFgA B A 2~ (http/www.wamis.go.kp) oA A Esh=  FXF LR A(Digital Elevation Model,
DEM)S 473l 2418 Faalgt). GIS 4 a2 ads o)gsigon F25 59 44 2 §4

5404 = <Table 1>} #Zth

<Table 1> Characteristics of Watershed

Area (k) Length (km) Slope (%)

163.6 22.3 36.9

<Table 2> Selection of rainfall-runoff event

Event Duration Total p(:ﬁcmi;))itation Observ?gf ;Sak flow
1 Aug. 23 to Aug. 25, 2000 218 513
2 Aug. 26 to Aug. 29, 2000 300 1,028
3 Sep. 15 to Sep. 16, 2000 141 226
4 Aug. 06 to Aug. 09, 2002 230 529
5 Jul. 10 to Jul. 12, 2005 94.4 373
6 Jul. 11 to Jul. 13, 2006 95.1 368
7 Aug. 31 to Sep. 02, 2007 90.8 204
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2. 2ol MF

B AT AgHE FEHF 2P T FFFAATAL, S % SN BE 484}

#7F 2= HEC-HMS® SFth(3r=-2kd 84 1998). HEC-HMSE 19679 V= &t Ahs) =2

2]
=9, 7IAFEES s sttt Ale] 35S Bosh| f8l sk 54 EES AEslitt
& Axly AR E o]&ste] AL = e 75 Wi B|ASRE 8 & e 7
el A 58 Esele] GUIZE BAE =g o= ke Byo|uida3el 5, 2010, US
Army Corps of Engineers, 200%).
3. oj7fH= =7|gt M-

HEC-HMS =3 a9 A|2h& laixe BEe] 74 wifdi s 27|gks AAdstolok gt} vl
W 2715ke) AL viviEe] wefA 54l mE HAE ghe et oM 28 B of

Yzt PMF 2Hgoll 82 G vIRITHE= 7 +-<, 2007).

weha) 1 2] T v 271k FOEAAE Selsi deldolatn e 4

<Table 3> Experience formula for time of concentration

Proponent Type Coverage
0.77
Kirpich T -=0.0663 —é‘m Suitable formula in farm land area(A<0.5km2)
Rziha T ¢=0.0139 —SIO‘? Application to the upper stream (5=1/200)
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Kraven( ) T -=0.0074 ﬁ Application to the downstream (S<1/200)
Application to the velocity of flow by stream slope

Kraven( 1) Tc= — L (5<1/200: V=2.1m/s, $>1/100: V=3.5m/s,
3.6V 1/200<S<1/100: V=3.0m/s, $>1/100: V=3.5m/s)

TC; Time of concentration(hr), L; Length(km), S; Slope(m/m), n; Coefficient of roughness

2) MFaK)

= .
AP o 2= Russel, Linsley % Sabol 52 ®Ho] o]8% a1 JtKSabol, 1988). <Table 4>9]
AL fEuete] 7| EAE L A Al AdAeF e AFA gksAl ARESka e W
_‘é— =]

oltt. i BEgko]l EAY A BSS 2718k Al vt

<Table 4> Experience formula for storage constant

Proponent Type Coverage

_ bL\/A

VS

v : Urban area (1.1~2.1)
Russel K=~T, Nature area (1.5~2.8)
Forest area (8.0~12.0)

Linsley K b :0.01~0.03

TC
Sabol 2

L
1.46 —0.08677

K; Storage constant(hr), TC; Time of concentration(hr), L; Length(km), S; Slope(mym), A; Area(km)

S
_]

fsiz
=

W

A Absl AFAAE W A (Natural Resources Conservation Service; NRCS)oll A+
A

I Exlo]g H A5AE 5o FHE olsle] FTLHORTE FESES

4

o

o
o,
i)

(6]

Q= e RStk @A el UNEE ol 8% F4Y AWPA FEFUS WY

QS

N

s |
ek Wo=z o] wo] Jdy] o] &y JrKHEr 9], 2007, Hawkins, et al, 2000; McCuen,

FEFUAFCNS 2713k Setelel 29 AFe] 24 FUae1E0N Agse JUE



B AR
L
=
|__Ed]

<Table 5> Estimation of CN value

[tem Boryeong dam
CN(AMC-11) 63
CN(AMC-II1) 80

o714 K= AFdolth
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5) Z71&4(L)

Z7134 0] 27152 NRCSOllA AARE th5-2] 45 ARESItE CNgE2 &3 el osl A
gholth.

IL=0.2S, CN= @

_ 25,400
(S+254)

6) Z7171X7*2HIBF)

oA FHE oIt

7) Threshold(TQ)

Threshold +-3o] WAEE WHarde 71971 B AJdolA =EAZRS gale] ojuje] F38 %
71gko. 2 AAst) B BA oA Thresholde Threshold 38 HFFEoE e HES 239 9
G252 eFth

o1l 7

&

Ao Al HEC-HMS R239] vl dr, 27184, 2717144 2 Threshold ]
Z71%k0] AAEJ A" e o) de] wizias 2713 AA Wl ofdl] didRe el 59

AP S 27]%k2 <Table 6>3F 2t}

<Table 6> Initial value of parameters by each event

Event Tc K CN IL IBF RC TQ
1 2.21 1.92 80 8.27 3.00 0.5940 0.55
2 2.21 1.92 80 8.27 0.00 0.5940 0.11
3 2.21 1.92 80 8.27 32.00 0.5940 0.62
4 2.21 1.92 80 8.27 1.00 0.5940 0.45
5 2.21 1.92 80 8.27 27.10 0.5940 0.35
6 2.21 1.92 80 8.27 6.98 0.5940 0.72
7 2.21 1.92 80 8.27 17.80 0.5940 0.24
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B BAoE PMF Abgel 2449 Qe mAs mae] s 457 wE S4L skl

X
T e S FelEly] S8 A e R <Table 6> S mi/RG 271X=2 A4
gk 5 7 i) BelA 548 agfste] Ao el od wiWsES FggtHMeCuen,
1973; Shalaby, 19%). 18|31 43} 7]

Wst 545 otalr] Qs FAE zhze] vzl digh gk HdigkS <Table 7>7 2o] A
AL o5 WFS 7FoR 10%H 73 b wiws As7re] WAEES BASITHER

= £, 2004).

<Table 7> Range for sensitivity analysis between parameters

ltem Tc K CN IL IBF RC TQ
Minimum?’ 2.13 1.55 73 12.62 10.00 0.1900 0.10
Maximurr” 4.83 3.58 89 87.81 40.00 0.2500 0.60
Mean 3.70 2.45 81 50.22 21.93 0.2200 0.40

1) Minimum value among parameter by event, 2) Maximum value among parameter by event

TC, K, CN#tel Wshr} 7P 2tk o132 PMFe
ot} E]a Aoz BE w/fagEe] wswg A
tHSorooshian, et al., 1982).

HEC-HMS®] vi7fs=e] wizke 224 Aol <Table 8> % <Table 9>ol4 HAFHE43 75
F& ZEARE AR, ON 3 7IAfrko] Rizkg Zlow yehyit) olefgt A= wiyfRis %7]

ol e e A ERAT AR ehge

MRS Zlgkel wWe v AT MERA Aa BE el AAel Aol glovt
!
H

rir

<Table 8> Sensitivity analysis for peak runoff rate

(Unit = m/s)
Rate(%) TC K CN IL IBF RC TQ
100 2,293.5 2,508.2 2,130.9 2,359.0 2,241.3 2,247.9 2,248.5
(2.001) (11.550) (-5.230) (4.914) (-0.320) (-0.027) (0.000)
90 2,286.8 2,483.1 2,143.6 2,345.5 2,242.0 2,248.0 2,248.5
(1.703) (10.434) (-4.665) (4.314) (-0.289) (=0.022) (0.000)
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80 2,283.1 2,451.9 2,156.0 2,331.8 2,242.8 2,248.0 2,248.5
(1.539) (9.046) (-4.114) (3.705) (-0.254) (-0.022) (0.000)
0 2,279.3 2,424.9 2,168.3 2,319.3 2,243.5 2,248.1 2,248.5
(1.370) (7.845) (-3.567) (3.149) (-0.222) (-0.018) (0.000)
60 2,275.1 2,392.7 2,180.3 2,309.6 2,244.2 2,248.2 2,248.5
(1.183) (6.413) (-3.033) (2.717) (-0.191) (-0.013) (0.000)
50 2,271.2 2,364.6 2,192.2 2,299.9 2,244.9 2,248.2 2,248.5
(1.010) (5.163) (-2.504) (2.286) (-0.160) (-0.013) (0.000)
10 2,265.6 2,336.7 2,203.9 2,290.0 2,245.6 2,248.3 2,248.5
(0.761) (3.923) (-1.984) (1.846) (-0.129) (~0.009) (0.000)
30 2,254.6 2,306.7 2,215.3 2,279.9 2,246.4 2,248.3 2,248.5
(0.271) (2.588) (=1.477) (1.396) (-0.093) (~0.009) (0.000)
0 2,248.2 2,289.4 2,226.6 2,269.7 2,247 1 2,248.4 2,248.5
(-0.013) (1.819) (-0.974) (0.943) (-0.062) (~0.004) (0.000)
10 2,248.6 2,267.1 2,231.7 2,259.2 2,247.8 2,248.5 2,248.5
(0.004) (0.827) (-0.480) (0.476) (-0.031) (0.000) (0.000)
0 2,248.5 2,248.5 2,248.5 2,248.5 2,248.5 2,248.5 2,248.5
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
10 2,248.3 2,219.2 2,259.2 2,237.6 2,249.6 2,248.6 2,248.5
(-0.009) (~1.303) (0.476) (~0.485) (0.049) (0.004) (0.000)
20 2,244.1 2,192.0 2,269.6 2,226.4 2,250.7 2,248.6 2,248.5
(-0.196) (-2.513) (0.938) (~0.983) (0.098) (0.004) (0.000)
30 2,243.1 2,167.7 2,279.9 2,214.8 2,251.8 2,248.7 2,248.5
(-0.240) (-3.594) (1.396) (~1.499) (0.147) (0.009) (0.000)
40 2,239.7 2,140.2 2,289.9 2,202.9 2,252.9 2,248.8 2,248.5
(-0.391) (-4.817) (1.841) (-2.028) (0.196) (0.013) (0.000)
50 2,235.3 2,113.6 2,299.7 2,190.5 2,254.0 2,248.8 2,248.5
(-0.587) (~6.000) (2.277) (-2.579) (0.245) (0.013) (0.000)
60 2,229.6 2,086.1 2,309.3 21717 2,255.1 2,248.9 2,248.5
(-0.841) (-7.223) (2.704) (~3.149) (0.294) (0.018) (0.000)
70 2,224.0 2,059.1 2,318.7 2,164.7 2,256.2 2,248.9 2,248.5
(-1.090) (-8.423) (3.122) (-3.727) (0.342) (0.018) (0.000)
80 2,2175 2,034.8 2,327.9 2,151.6 2,257.3 2,249.0 2,248.5
(-1.379) (-9.504) (3.531) (~4.310) (0.391) (0.022) (0.000)
%0 2,211.4 2,006.0 2,336.9 2,1384 2,258.3 2,249.0 2,248.5
(-1.650) (~10.785) (3.932) (~4.897) (0.436) (0.022) (0.000)
100 2,205.2 1,982.3 2,345.6 2,125.0 2,259.4 2,249.1 2,248.5
(-1.926) (~11.839) (4.318) (-5.493) (0.485) (0.027) (0.000)
<Table 9> Sensitivity analysis for total runoff
(Unit : 103m)
Rate(%) TC K CN IL IBF RC TQ
100 101,086.8 103,688.9 93,887.9 105,265.5 98,159.5 98,489.5 97,962.1
(2.447) (5.084) (~4.849) (6.682) (-0.520) (~0.185) (-0.720)
90 100,655.8 103,166.0 94,382.8 104,594.5 98,210.7 98,508.7 97,962.1
(2.010) (4.554) (~4.347) (6.002) (-0.468) (~0.166) (-0.720)
80 100,415.9 102,619.3 94,872.2 103,922.7 98,262.3 98,527.6 97,962.1
(1.767) (4.000) (-3.851) (5.321) (-0.416) (=0.147) (-0.720)
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-0 100,241.9 102,176.2 95,356.1 103,256.4 98,313.5 98,546.4 97,962.1
(1.591) (3.551) (-3.361) (4.646) (-0.364) (-0.128) (=0.720)
50 100,057.2 101,555.5 95,834.6 102,603.8 98,364.6 98,565.0 97,962.1
(1.403) (2.922) (-2.876) (3.984) (-0.312) (=0.109) (=0.720)
50 99,887.6 101,049.4 96,307.8 101,950.6 98,415.8 98,583.4 97,962.1
(1.231) (2.409) (-2.397) (3.322) (-0.260) (=0.090) (-0.720)
40 99,691.0 100,542.6 96,775.7 101,296.8 98,467.4 98,601.6 97,962.1
(1.032) (1.895) (-1.922) (2.660) (-0.208) (-0.072) (-0.720)
30 99,421.0 100,012.9 97,256.4 100,642.2 98,518.6 98,619.6 97,962.1
(0.759) (1.358) (-1.435) (1.99) (-0.156) (0.054) (-0.720)
-0 99,166.5 99,641.8 97,733.6 99,986.7 98,569.8 98,637.4 97,962.1
(0.501) (0.982) (-0.952) (1.332) (-0.104) (-0.036) (=0.720)
10 98,920.6 99,083.9 98,205.7 99,330.2 98,621.4 98,695.0 98,148.6
(0.251) (0.417) (-0.473) (0.667) (-0.052) (-0.018) (-0.531)
0 98,672.5 98,672.5 98,672.5 98,672.5 98,672.5 98,672.5 98,672.5
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
10 98,502.7 98,051.1 99,134.3 98,013.5 98,750.4 98,689.8 99,198.2
(-0.172) (-0.630) (0.468) (-0.668) (0.079) (0.018) (0.533)
20 98,190.0 97,594.9 99,590.9 97,353.0 98,827.8 98,707.0 99,684.8
(-0.489) (-1.092) (0.931) (-1.337) (0.157) (0.035) (1.026)
30 98,046.0 97,180.5 100,042.6 96,690.7 98,905.6 98,724.0 100,311.4
(-0.635) (-1.512) (1.389) (=2.008) (0.236) (0.052) (1.661)
0 97,915.7 96,747.5 100,489.3 96,052.7 98,983.4 98,740.8 100,964.1
(-0.767) (-1.951) (1.841) (-2.655) (0.315) (0.069) (2.322)
50 97,772.2 96,482.5 100,931.1 95,413.5 99,060.8 98,757.5 101,583.2
(-0.912) (-2.219) (2.289) (-3.303) (0.394) (0.086) (2.950)
60 97,605.8 96,137.8 101,368.1 94,774.5 99,138.7 98,774.0 102,244.7
(-1.081) (-2.569) (2.732) (=3.950) (0.472) (0.103) (3.620)
70 97,446.7 95,798.0 101,800.2 94,133.4 99,216.5 98,790.4 102,999.1
(-1.242) (-2.913) (3.170) (=4.600) (0.551) (0.119) (4.385)
80 97,267.9 95,531.6 102,227.6 93,492.4 99,294.4 98,806.6 103,723.1
(-1.423) (-3.183) (3.603) (=5.250) (0.630) (0.136) (5.119)
%0 97,100.8 95,151.6 102,650.3 92,851.4 99,371.8 98,825.7 104,417.4
(-1.593) (-3.568) (4.031) (-5.899) (0.709) (0.155) (5.822)
100 96,931.5 94,879.9 103,068.3 92,210.5 99,449.6 98,849.3 105,121.3
(-1.764) (=3.844) (4.455) (-6.549) (0.788) (0.179) (6.536)
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<Fig. 3> Parameter calibration using HEC-HMS

<Table 10> Evaluation of accuracy according to parameter calibration

Relative error (%)

Event

Peak flow rate

Discharge volume

0.17

18.11
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2 253 16.08
3 0.75 5.92
4 0.28 17.03
5 0.48 1.86
6 0.19 6.68
7 1.63 5.12
<Table 10>014 HFEFaol] gt dolexi= 017~253%, FE84dl gt o= 1.86~
1811%= thAl 4 ox vk et AdE YehiTh

4) E ST 2 s A
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<Fig. 4> Estimate of representative unit hydrograph

<Table 11> Parameter estimation of maximum unit hydrograph

TC (hr) K (hr)

1.68 1.49
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Parameter Estimation of Unit Hydrograph for Derivation of Probable Maximum Flood

Soo Kwon Chae, Seung Jin Maeng, Ju Ha Hwang, Tae Woo Kim, Hyung San Kim

In this study, optimum parameters of Unit Hydrograph for the systematic and reasonable
derivation of PMF (probable Maximum Flood) were estimated using the HEG-HMS model as a
rainfall-runoff model in Boryeong Dam watershed. As a result, the time of concentration was
estimated to be 2.21 hr using the Kraven(ll) equation and the storage constant was estimated
to be 1.92 using the Sabol equation. The CN was estimated to be 80 under AMC-IIl as an
antecedent moisture condition. The result of the sensitivity analysis was that the sensitivity of
the time of concentration and storage constant was similar each showed a different parameter
range. The experiment conditions were divided on time of concentration and storage constant,
which affects the PMF regarding the Boryeong Dam watershed. In the HEC-HMS model, the
optimum parameter value on the Clark Unit Hydrograph was estimated. The result using
Maximum Unit Hydrograph was that the time of concentration was estimated to be 1.68 hr and
the storage constant was estimated to be 1.49. Therefore, considering the recent onset of
climate change, in designing large scale hydraulic, it is better to use PMF estimated based on
the "Maximum Unit Hydrograph" concept under the time of concentration and storage constant

condition.

Key words: rainfall, runoff, HEC-HMS, probable maximum precipitation, probable maximum
flood



