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Assessment of Probability Flood according to the Flow Regulation
by Multi—-purpose Dams in Han—River Basin

2 e /oy e
Kim, Nam Won / Lee, Jeong Eun

Abstract

The purpose of this study is to evaluate the variation of probability flood according to the flow
regulation by multi-purpose dams (Soyang and Chungju) in the Han-river basin, Korea. SWAT-K
(Soil and Water Assessment Tool-Korea) was used in order to generate regulated and unregulated
daily streamflows upstream of Paldang dam. Simulated flow regulated by the Soyang and Chungju
dams was calibrated by comparison with the observed inflow data at Paldang reservoir. Generally the
ratio of flood flows to daily streamflows is known to decrease with drainage area in a watershed.
Regulated and unregulated flood flows were obtained from the relationship between flood flows and
daily streamflows. Extreme Type-I distribution was applied for flood frequency analysis and
L-moment method was used for parameter estimation. This is a novel approach capable of
understanding the variation in flood frequency with dam operation for the relatively large watershed
scale, and this will helps improve the applicability of daily stream flow data for use in flood control
as well as in water utilization.

keywords : SWAT-K, Regulated and unregulated streamflows, Flood frequency analysis, L-moment

method
e X

2 AFeM s Fdd AHe TAeR AR Xt e 2%, FF OEAY 9 uE2 NETsEe
AeWas B8t a9t oS A7) Yelde 5Y7)ke He ofie wE F Ad(EFE x4
T3 5% A5s Koz F5ss Aol Folut} T8t 549 S e ] Ae-ERE
S o]gsfof A, Akl oy ol nxg e R s 11 Auts Tty g o dilo|t) uehA A
oz fFoaide] 45 A3y erae] dAVF v A AES Belvhs Mol ksl AV|HER
2l SWAT-KE o]&3lo] e ool mp2 F Alde dFfdsS Rt dfda 53] JHaAz =
oy AdFEHS TFFoR 23 & Wy oo wE Mg gdo] HEEAS golaldth THHIEREAS 9
) A}g%E I Extreme Type-IolH, w74 34-& L-moment WHS o]&8t9ith -4 vo] wpaw, 297}
7 7 g5Ad £9go] o] FojX|A] gk gkl tigh e x| 100 HImZgriol Hlshe] Ak,

s FRANNEATY FAY - BAATFEY FAADT HYATY
Research Fellow, Water Resources Research Division, Water Resources & Environment Research Department, Korea
Institute of Construction Technology, Goyang-Si 411-712, Korea

wr WA AR) SR AA7|EATE A - FAATER FAATA A7
Corresponding Author, Researcher, Water Resources Research Division, Water Resources & Environment Research
Department, Korea Institute of Construction Technology, Goyang-Si 411-712, Korea
(e-mail: jeus22@Kkict.re.kr)

B2 29k 20094 2H 161



‘,MA.HO_E
w:ﬂo
OMMM ﬂo
G+ wunum:do
L.dﬂ "4LH\KH
o : LIT_ .Oﬂr
e Ex%%u%%)
Clcy ﬂéogum_mmﬂm;@
g@ oTﬂqo.mm %@E_Zrﬂal
N ﬁo,x to_a]wq B < %
el ulE# .maowwv%ga kacuo
= m)ﬂo#A oéo_zruouomi}
141. MﬁMﬂoﬂoSMHnﬁHAToWoWNZE
m% = = ¥ e Gt T P 3 o)
o X (Bﬁ.i wx@ 41@1&&}5 K Lye_{@
- P Iy ®EL 5% Rl RS
o= o_naggm_ﬂ%s_z eilof - ) i 4 o
e & mﬂeﬂauaa%%.o% ok umu_:;Tﬂ of T 9
/N P .nﬂﬂaAE oo 4%.10. TR o S
f 1r_.r|h T]o_u E b ol Zo& s S~
: gy _MOEP 01%%_@ i ang ATﬂA#E i
W %?ﬂﬂnmﬂﬁrﬂnﬂ. R = _ 1&.1@0150%110#
ﬂquw uruio]qm &o%.o%@ﬁ;ﬂ% - z,ﬂW%oLvmﬂMuMmmi ,on_rm,meio
ﬂwﬂ - ﬁum._mwﬂowamamov»ﬁ;hﬂ%%% iol Zﬁ??ﬁm?ﬂmmxﬂrd?mﬂ}qﬂ
o r E 5 o . i 7iﬂov@ oF T o T2 - jﬂg,%aeﬁﬁve
T = z@@ymumﬂw ﬂ.gyolﬁ E_.OT v B mmﬂz;r.%ﬁ%maroe@
o 5 mmwmﬂ}:mxsmyz@% 2 mo%é@wEmﬂ%%@%m%mr
T 5 aloLlwo%wvaawmjn%éMﬁ 53 4 ,ar.%,mM#%ﬁW%ga @ &
%W i M%EW wuow_ooiwm%yzo I :wijﬂﬂﬁQm_mEmWMﬂqum
i 8o ) Ty iy 1_|_ ) l
T - :Wwwmm%wgo;ﬂﬂfﬁ Wy qmmcimwaﬁﬁ%mjﬁm%@w
T = < rmmo_%ﬁfﬂ%ﬂmo#_mﬂ fofo A mﬂﬂWEwJ ﬂ.@@rﬂ&ﬂu9i
T oo IH t,%]rﬁ.ilrl)l U o0 ov}mxﬂﬁmad...gd%ih g ¢ 2L
3 U _ E%AHMMM L=+ﬁm1msq%wnqug%ﬂ
orf 7/ Mﬂ_ oﬂﬂi@z ol = Aomﬂolﬂuﬂﬂxot ynﬂa%ﬂr ﬂuﬁrlﬂ_i
o 5K S 5o W = . i N Lo W Mo %
" 0 oriﬂ.{@rl SR N A muﬂﬁomﬁuﬂtmﬂﬁﬂwg@ﬁyﬁﬂuﬂ
igo wr ﬂuo_ﬁﬂumoajl,] N o F ﬂoxonoﬂnﬂ#lo%?#wu
= 10 _4]L T 7 mau N moﬂ_u] N o
o] © ’ aozaouue%ﬂﬂgo ﬂLL,ﬂovh%Ln\,ﬂmtﬂLdl -
iy e m_;_uzal%mq‘ﬂx;e () ® o T w%ofhmm
T B %%?%M BB e ® iy *ﬂ_g@o%kﬂwl ﬁouﬁ%
5w L} oqv@zoluzar.aoofﬁg rE ofﬂw;ﬁaoyﬂﬂa#g
_ X ] ) 0 <A ™ B AT o HT_ s X0 ot o 00 w o BH \m.wo NO
TR ) E&kmﬂﬂ.ﬂﬂ%zowﬂ#% ﬂﬂﬁwuw?ﬂﬂum ova?dwwﬂ@%
JmLm_u 0F L:Mwuﬂﬂ%meméioﬁe Llyﬂof.owge&n}wmaoﬁ aﬂ_mmouuﬂmﬂ
- Pl 1mﬁ§@@ﬂﬂuﬁzrﬂo %uﬁwnunmo]oru]ﬂwﬂWW + o
o J) oy Ki =< T T = = d B ~ W bl 0 o RO 5 < o 4 °
A ﬂo]]?éﬁ]ﬂ;ﬂ o ® fﬂ‘zawr o = By
Lfoﬁ X 1di®oowxﬁ%@dﬂ Al%@ﬁaoowtﬂwﬂﬂwg %ﬂ%ﬂ1
Jlﬂlﬂyﬁ _AM ﬂAiq Mﬂqi y_r‘_ﬂ% oV]oTo_Hﬂoﬂa‘mﬁMﬂ LU~ oEﬂL@ﬁowLﬂ]
7 B s %iofﬂﬂ%ogu.mmm LozoEvE.Laoar@ﬁﬁ.%V %Jxlﬁ_]r_x
o0 % 1@1%$5%%33% @@ﬁ@@@ggﬂgaw wgwmm%ﬁ
—_ —~ - — i foax
R jad} — | .H]r D_OOEE‘ﬂW\]] ) 0
%%% o ﬁ%?&@?dzaﬂduﬂﬁuc%%@ﬂﬂrbE_omL g%vﬂﬁﬁmﬁﬁ
e 30 @lAﬁuarefﬁwL@ofraoL%o,@iﬂﬂ% 5.100: < i o
= mﬂzoo,m.o < ]]o OMOT}A o N [ ol EAT — \).*‘t:.ﬂmo
w 2 Lao,aoo?ﬂ%o7 SN TﬂoﬂoEmrot@@]rﬂderT%m%10
N OF O & uﬁ}vfiﬂﬂﬁeioﬁo»du To N 1@.@ o_uw -
o T]ﬂ_]mm_mo 7.2%@!U _ ﬂioon_oWEHMﬂ&oﬂonW q\dﬂ‘mx]_u,_
mﬂﬂcﬂw;%?ﬁmﬁﬁ@o%tmjmmiumwéwnovwi%m«co@t@ﬂm
Raml ol ol =~ pe o — o EHX\/O
A@aw@w%m%mwa7a%gm%mm@ﬁﬂ@ﬁ%ﬂ%
ﬁt\”,,ﬂolﬁ.tf‘m M_.—Mw_.emot,ﬂﬂmumWxﬂum_ﬂﬂAdu&o\olPLﬂﬂoi
TR @Mw«wﬁa%@%g t.mé %,%wwmv%
2o & .@ﬁmﬂmﬂ ﬂquﬁﬂﬂbimﬂaLEJﬂl
dlowﬁ}aoﬂw W %%%Liﬂzd
g%%@ﬂ%mq%m%gﬂmw
Tﬂm\hﬁﬁﬂﬂmww_&mv
iﬂoﬁﬂ&]@}]nﬂ%
Ty wmﬁ%%ow
Eifzis
»Eﬁ%

skt

I8

&
BAkBESES
= ;ﬁxﬁ

oo A9

7

PhA| 2

A=

z

ol o}

I8

1997). uebA

)=}
T7
a}
i 714

[s)

162



oy

[e) (e}
A E9s 7

o~
T

b ol me) A

9

198611 0.5

ob Bl Aol A el HT-f )

pu
.

. ol

L

sl
=

3
ol

AR

o
T

W EH, Al

H]Q1 1.33%} H]

ToR

3 8 8

el

¢

IviIped

ok W T W

- Plo Br
b m% R MM oF
or B o< AR
T o Mo ko ol
o = I El R
i lﬂa K A
ﬂ ) U, —_ ﬂIAFO
o o» N
BH LN o)
do NF T K
a No <
- g 1H = gy
< LJ ~ &o X
m 20 o/
S ICI yﬁ A
éoy o © hs| ol
oF X 1 B
® F o 0
R
@R R R
S I

Eolls T

1

L)

o

Average Ratio of Annual Maximum Hourly
and Daily Flood

1.

Fig.

Al ®F 2FE(1986~20051) &

b 1.81, 153, 1.38=

23 Hey f7o wE f520 Ny

)

1o

oy

Fuller

gt

Ag o)

ZolET=

.
waha ol

g]

|

A

& ol

ek =

A =7hsS

[e=]
3

et e,

5|

e Aol 7hs

tol

S

(1986~2005) ]l

3|
T

eEhfaL glo) dA=

=

o)
=2

o7k &5 Ak T A

Extreme Type IS A4

o

Fo=z

.
A

K

i)
oF
of
o

Pl olgieh. uebd, B Aol i elgd

S

Hosking(1990) 2]

o
.

Jch
j=

50, 100 el

Fig. 2. Ratio and Average of Annual Maximum Hourly and Daily Flood (Paldang Dam)

163

4245 ZE29% 20094F 2]



TR W SR
%um%%m =~ S R
BN S —
PLELETE
ol B o B g I g
G L = B -
o_uﬂﬂmﬂinmol%t
B o bW ST
T o ook B 5 5 o
]L%Nroﬂﬁmrmuﬁo
TP ma <o
ﬁaiod'.mﬂ%oﬂaﬁ
Et;@Mw/ELaL.VmﬂL@H
EL‘mlﬂ,old_ﬂmoflyﬂDﬂ
\W)ﬂ&wWOtﬂo,ﬂﬁAT
ST ST g
7oEeE go_ull‘_ti
ge Bk o X B
E,FMoVoEq_ol
%ongﬂ N Ao
4n W T o
1®|W ~ =0
q/ﬂo_ﬂn\u‘ulﬁ‘CI‘A‘ﬂ
T TR
o8 X0 oF WP T O Ho T
(Aire@/A1anon) oney
S 8 8 B 3
™ o~ o~ — —
g £
>_ +8
= > |
375 |
T oo '
P -3
s 8 8 8 °
= o o o
e 8 & 8

(s/,w) abaeyasig

2

U

e EXSBEEER), 59

<

=712l DEM,

Return Period (yrs)

o o
s st
N
s
~ B
o a
3
y i
il
—~ ™
E ol
g
oF
% 4
uoa
E ~N
% S
-
E
X oﬁ |
of B
o oF
o o
~ B

Fig. 3. Comparison of Frequency Curve

at Paldang Dam

, 2007).

==
[}

A A7

al

I SWAT-KellA 7}

9]

‘O‘I’]
H(Kim and Lee, 2008)& #8315

=45-(2004,

o)

L‘A:‘l]_
=

A SWAT-K

2l

Fsict.

S

[y

el

TolAMe] A%

w

Penman-Monteith

1A=

3]
=
T

b 42 9

SIS
=

2007). =

AFHESCO)el

A

1) SWAT-K¢]

=

A Dam
3 Watershed

[ Inlet Draining Watershed|

B Inlet

N Stream

@ Weather Station

el A

Els

Kol o

= SWAT-

W
—

Hel fraolt.

No

°f ¢

o]

Kir

60

SWAT-K+= el 9

49

g

Fig. 4. Present Status of the Subject Basin

afef

o

SWAT-Ke| #4=A] LLe]o] o]

BEKBARBEERNE

164



() fpepurey

= = = a
- - -~ = _—

I

¥

__‘
¢ B,
= .ﬂr!llihl,l!.
P
E B
[ [=3F
Po[EEE
: s 2 E
F 2=
20
E I —e
= = = = = = =
= 3 w g = =
= L - L = w,
- - - - =
(s/u) sopuy
() ppujureyy
g g g g
- - -~ = _—
| L3 il
= e s e T Py
{— lnﬂx”.

=3I £
aH 3
2T = ==
= M
- I
L[]

u “ ﬂ ﬁ
mmmmm
‘ ﬂ 1-. “ 1-
\. \. 1. 1. l
A&m:u_ﬁoc:-

10,000
5,000

07131 08115 0830 0914 09729
Time (day)

0716

07

07131 08/15 0830 0914 09729
Time (day)

0716

07

(b) 1995

(@) 1990

() jegurey

= = = a
- - -~ = —
=3%
= E ¥ =
L 52 E
- 2%a
i ,
I
L 1
g 8 ¢ B g8 &8 °©
= w; = Wl = e
- - - - =
(s/u) soguy
() rejureyy
g g g g
- - -~ = _—
J
= T
E|-FF ==
£ = =
Lo|EE3 <
I |@ca
i
. I
L | f
g 8 ¢ B g8 &8 °©
= w; = Wl = e
- - - - =
(s/u) soguy

07131 08115 0830 0914 09729
Time (day)

0716

07

07131 08/15 0830 0914 09729
Time (day)

0716

07

(d) 2002

(c) 1999

Fig. 5. Observed and Simulated Daily Inflow at Paldang Dam

!

ol

A%

tod

5|

kel 1986~2005k 1l i

KU} Tl F el

A& Aole).

1

A ALS ddd=

SE

a —r\c-.f\—- -Emo

)

Fig. 6. Annual Maximum Series of Observed

and Simulated Daily Inflow at Paldang

Dam

=
il

!
dol Aol $9o] ol Foid 5o

7
fs.oket

9]

2}
=

32t

b1 9latel

5

BEHAYS Hast

Fdck A7l A= weo] A=

3|

&

gl A3l 1986~

ol
=4

Fich Fig. 5%

S

AsE o8

Hel 1990, 1995, 1999, 2002+ 9]

3]

she

IAcs

3]

vl A 7]

165

4245 ZE29% 20094F 2]



- =- w/ Soyang, Chungju

—s—w/o Soyang

—=- w/o Chungju
—- w/o Soyang, Chungju

100,000

10,000 |

Am\mEv Spoo|} Jedk- |

1,000

—e—daily_observed

——daily_simulated
- ®- hourly_observed

- - hourly_simulated

100,000 ¢

10,000 |

Aw\mEv Spoo|} Jedh- |

1,000

100

10
Return period(yrs)

100

10
Return period(yrs)

Floods Change according to

Fig. 8. T-year

Fig. 7. Observed and Simulated T-year Flood at

Scenarios

Paldang Dam

el

L

Fel Aol 100

boleh webd, B o] olfelAm gle

§

el thsto] frErels 3

s

X

o

IH
i

toloH, w7h S

HAs

Extreme Type 1<

L
L

Hoz

ol¥l Aol

Ut} Fig. 9=

Hola

]

=
=

o 4
HE

0

tod

JE, A& 717E 2, 5, 10, 20, 50, 10086 &

9]

EfktHFig. 7).

el

Eds

]

il

&7

2

i3

7 A 9ol wel Al of

Aol o] WIm=gaegel 1l

“«

—e— this study

- 4- dam basin area / watershed area

o
S
-

B
—_

o
>

o
@

o
=~

o
©

o
e}

(9%%) uoneuaado wep 01 Buipaosoe
uondNPaJ POOoJ) WNWIXeIA

M
=
o
<
i

o}

7}z 708, 82.3, 904 %°] Tt

=4 Zzof st =2

= A
Sl

5

10,000

5,000
Area (km?)

Fig. 9. The Effect of Flood Regulation by Dams

A

= 3

Table 2

-

= [
T eyd

o %o rol

5
T

]

)

Faw eod 9O 29

¢

e

)

)

(AL 1

TR

Al

BEKEREE

166



Table 1. T-year Floods according to the Floods Regulation by Multi-purpose Dams

g . Ret iods (vrs) T-year floods
cenarios eturn periods (yrs
P Y Simulated (m®/s) Ratio (%)
2 11,970 70.6
5 19,270 70.8
C(u“/erét status 10 24,110 708
w/ Soyang,
Chungju dams) 20 28,750 709
50 34,750 709
100 39,250 709
2 13,810 81.4
) 5 22,380 82.2
( /SCSe“a“O 1d 10 28,060 824
w/o Soyang dam,
w/ Chungju dam) 20 33,500 82.6
50 40,550 82.7
100 45,830 82.8
2 15,260 90.0
) 5 24,600 90.3
Scenario 2 10 30,780 904
(w/ Soyang dam, 20 36700 905
w/o Chungju dam) ’ o
50 44,370 90.5
100 50,120 90.6
2 16,960
) 5 27,240
( S/cenSarlo 3 10 34,040 1000
w/0 Soyang, .
Chungju dams) 20 40,570
50 49,020
100 55,350
Table 2. Results of 100-year Flood Research
References Site loo_griiis)ﬂ eed Dams considered in research Remark
Lee, (Slgé;;t' al. Goan 37,685 Hwacheon, Soyang, Chungju Regulated flow
Yoon, Y.N. and 34,470 - Unregulated flow
Wone, S.Y. Indo .
(1998) 31,940 Hwacheon, Soyang, Chungju Regulated flow
Kim, N, and frouenes snatydis)
Won, Y.S. Paldang d y y Hwacheon, Soyang, Chungju Regulated flow
42,142 (at-site
(2004) .
frequency analysis)
This stud Pald 55,350 Hwacheon Unregulated flow
is stu ¢
v aidang 39,250 Hwacheon, Soyang, Chungju Regulated flow
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