J. KOREA WATER RESOURCES ASSOCIATION

T kBB RS
BE KRR P WX R Vol. 46, No. 6:655-666, June 2013
464 H565K - 20134 6H http://dx.doi.org/10.3741/JKWRA.2013.46.6.655
pp. 635~666 pISSN 1226-6280 ® e[SSN 2287-6138

HASER| AR (U DHO| SLUBHA MY T
Applicability Evaluation of Flood Inundation Analysis using Quadtree
Grid-based Model

Of th @ / oF 8 S+ /0l 7| B+ [ H & Fwen
Lee, Dae Eop/ An, Hyun Uk / Lee, Gi Ha / Jung, Kwan Sue

Abstract

Lately, intensity and frequency of natural disasters such as flood are increasing because of abnormal
climate. Casualties and property damages due to large-scale floods such as Typhoon Rusa in 2002 and
Typhoon Maemi in 2003 rapidly increased, and these show the limits of the existing disaster prevention
measures and flood forecasting systems regarding irregular climate changes. In order to efficiently respond
to extraordinary flood, it is important to provide effective countermeasures through an inundation model
that can accurately simulate flood inundation patterns. However, the existing flood inundation analysis
model has problems such as excessive take of analysis time and accuracy of the analyzed results. Therefore,
this study conducted a flood inundation analysis by using the Gerris flow solver that uses quadtree grid,
targeting the Baeksan Levee in the Nakdong River Basin that collapsed because of a concentrated torrential
rainfall in August, 2002. Through comparisons with the FLUMEN model that uses unstructured grid among
the existing flood inundation models and the actual flooded areas, it determined the applicability and
efficiency of the quadtree grid-based flood inundation model of the Gerris flow solver.

Keywords : quadtree grid, adaptive mesh refinement method, Beaksan Levee, flood inundation model, gerris,
FLUMEN

2 X
A oy 1T Qs B 5 A FE L NEst Sk olek 2002 BlE AL 2084 BN v 5
AFE o] BE O FRE A8 AW % AWl 25 27k ek, o) BitHa J sl tie
7)) Al A FarelEA 2] §AS olFa girk oleldt ol g Erel R Ao tga] falME FuY
PP A RNF ¢ Q= WL Ba) BAHQ thSel heisks Rlo] FaskAw /1% BT R
& ARk Thehan B SAAake] AEHY o) AL EAE meba B ATl M 024 89 HEESE Q19
BUE GHEY R WA FOR AEEe A4S AHESHE GerisE 3 S ol &5kl FEuAHAE Fasigom,
Jles] F4URE % M TRARE AHSshs FLUMEN®S 2 A4 wekelste] vjns e A=se) A7)
FUYRgel 484 2 2e4e Busn

* Sty AR ATA A7 (e-mail: hana@cnu.ac.kr)
Researcher, IWRRI., Chungnam National Univ., Daejeon 305-764, Korea

AR AL, Z7EY AT A Asre P TR Xz 3R ATE ATY (e-mail: hanlight20@hotmail.com)
Corresponding Author, Researcher, Numerical Program Team, Division of Computational Sciences in Mathematics, National Institute for
Mathematical Sciences, 305-811, Korea

o Rt Her)Eiet AW A T A (e-mail: leegiha@gmail.com)
Assistant Professor, Dept. of Constructional Disaster Prevention Eng., Kyungpook National Univ., Sangju 742-711, Korea

s 2| st FA S EEF 8P W (e-mail: ksjung@cnu.ackr)

Professor, Dept. of Civil Engrg, Chungnam National Univ., Daejeon 305-764, Korea

464 FE6HE 20134 64 655



Nom
o
=
OL_O‘FE
S oox
mﬁ'ﬁ
—'Qro—%
< o
_yg—bq

)
Eolﬂzﬁ

o
Hote X o
rﬁr&w
r&{%rﬁ
2o €
R LT

3o H

O

—{O«lﬂglo

K3 )

o,

220029 EiF AL 20039 BlE viv] S
E YatE SR Qdste] ARk &
o, o] 7|Ee] A A} S5 F Al
25k 7)ddstel] ofgk Fafe] E&22 ol
(Han, 2009).

Kim (2003)ell ©]3}H Ej
T35 €]
THA el ] W
HPg o= 3l diif

lo & 12 K

Juii}
=N
—
_QF\F
84l

[
ol
ol\
N
= ;
i e 3¢ = o4 (T

% FALS} v} o] A
Fo9908 FAY AFEIRA AAH oD
2 o*cam

03:
rlo

o
>
ok
S
a

=

o 4o
1o,
i
ofeh
)
£
:fu‘)lé
N
3
oZ“:

=
ol sl
& o
E
ey

(

o

N,

ofy

fol
oo flr

J &
ooy Lo

wo XU
& o
Y
rl
Ho
ich
T
&
1o,
o
4
o
H

ol
o

e T X

N
=~
olX

N
=~

ol
on
o
=
o,
A
o

[y

o

fl

e

ol

il

k]

0,

ol

¥

o

e

> ilf 30,
Ir

== OE s
T
=

oL
ol
-/
R
o

L L7
i)
o
i,
ko
ol
ol

U= R TS et
i)
ol
ols
ol
N
R
o
Al
N
)
)
jg
lo
=
oo
o

o pu 2
o 4
oh

]

e

-

BN

il

f

>( :I:;‘I
-

BN

o
=4

>£

o

M

2
i)

= o
B
i
PO
>
fo
2,
o)
N
L
r
ofoh
al
r‘m
o
tlo
2
r U
ol
ol
R

A

=
1o
i
Iy o
oE X2 ©
o

tlo
2
Ay
ol
N
do

ol

R
Y
iy
ok

2

>,

oinﬁol‘)['oiq’l-m
O e
£ &2 g
DE%E
T
-ﬁiz_"oﬂ
= o
44 f
o ok
Iotlo X
do itk
Sy oo
>
o K
= 2
a ).nzu_‘rlﬂllo
SE T s

b= 4l

fr fo o 1@ 2 o o

N

ABA=
H| 7% AxKUnstructerd Grid) & 2&sko] a4
3lt}. DEM (Digital Elevation Mode) At =55 A}
dR 5 gl glo] AuFx AXE AMEE=

I o
2 4 i

2 g
)
e mim o o of o

‘EE°

Rl

Loﬁ‘,

= A7ge] Wlwd AA 489 4 9lo

3 3}7] o]H k= YA o) o]ou:] H]
8RB0l AR A Be Agto
i oljeh shEehl AE ARSR Qs )

x| A Hrh olejg HAE sAstr] 93 o

° 4
B BN
ko

=
i)

P
£
(r 2

656

D HEERARL MEX ol MEE |, A

tE Haor AuARte] 234 vlH ALY
(Adaptive Mesh Refinement Method)E %]-&3slo] Ax}t
& A A=EY AR Quadtree Grid) & ©]-&-
ol gtk A8 vlHAARES 7L 1990 ] FEE7]
AlzFste] th7], 7k, S, W‘b‘~ & kst Fofe]
A Kol g em, 2000
A-857] Alzskadth 2
Hlw 2] golshA o] 283 5= 3l
= 7HAWA, vl EA A Y ?L.’Si%ﬁ
ek Ao AxE A 4T 4 ATHAn and Yu,
2011).

Liang et al. (2004)2 HLLC (Harten-Lax-van Leer
Contact; Fraccarollo and Toro, 1995; Billett and Toro,
1997) <A} Riemanna 2} MUSCL (Monotone Upstream-
centered Schemes for Conservation Laws; van Leer,
1979) 71"H& FA7IMog ARgatal 2o Fo| AxtE
ATdsks 54 A8 wAMEsSIHS A8t 58
Ao w o] FARE 853tk ©]$ Popinet

(2011)°] Liang et al. (2004)3} £-A}3t —/Fi]—‘rjf‘é
)

OL:H}-

.
o e WAHE FHINE
= 2z

46 5 AAUE BA ol s}% s gol 4
Yo MeR

ke BolFE e} el A= Lin et al. (2004)0] A%
Solo]l o]k 9184 o)X o] Wereelo] A4S 9
= o] &3t X RS SL3lo] F4S

2285}k, AAl Aol ASE FlsE 999 F
He] Ao Fwmolol tigh ey Axbel vl
Kim et al. (2008)-> & WA, He WA e
HGHE G5 9 2ot 7Hsst A=ER AR} 7]Rke]
22H] A RS AEste] AAd e oBHAS e

H(Cut Cell Method)& AHEE = =5 74 2 s}
o] +3 IMPACT Z2HEo|N 533 =AA G 85
T HE AYS oleta, mojd FxEe o7 wig
(Backwater) 2] @7e] d@dx}e} & At st
ATk

d7] @l lgskal = A8 wAAZE Y

2
T = s 0 E A~ AT EY O Gerris

5% (Popinet, 2003)& AH&-8te] A7 AT =79]

BEKERBEMNE



o= Gerris o] AN Ae7 vl A3} 7
of gt A7t Fus] Aasglom, v 7 He 4
A7 5849 Axel A4 2 Al e drs

|49 Hrpt a8t
ARSI S 7|Rke 2 HEER] A} A
3= Gerris®2 8-S o]-8-3to 20021 5 74-f
SR Qg AA FHHEA S st Kejd A
Hg o 2 7|&Eo] H|FRAAAE AMESE 8 RE
FLUMEN (FLUvial Modeling Engine) =3 2] 3}
9 AA A Anete] vaE F3

ZA1E o] 83k T4 TR Y] gk A8A4dS Akl

=) rz i

2. RIBHEAID xI5HE

Z
I A4, Xdl}i’%, 9

of 239 AFARA L hest

o7IM, iz RERFER o|Foj B2 WE], f d g
=27 ¢ 2 yEke] 3288 eI, s A/ A
HE o et =24 A94 ads e 5 3o
™ Eq. (2)9F o] vehd == vt

h 1
= |uh|, f= u2h+5gh2 ,
vh uvh
2
vhh 0
g= uvl ,s= |gh(S,, —Sfm)
vh+ < gh* gh(S,,—S;,)

o714, hE 4, t= AR g TEVRES, wve 29y
Mo 44 T 48 ek, 5,5 SR 5
Aa(2)9] x, yrdek %ﬁ}%}(SD =—oz/0z, S, :—8z/6y)
= AAHE LFERATE

¢ RYe sAAeE FRANEE 4G
W, fFekA A e A8S Asl Ea. (DS 3 4
Green®] A2]& #1834 Eq. (3)3} #Zo] ekl +
o4 Fig. 13} Zo] A48 B A3

[¢] =00 |
AR 02 o Foll TR AR 2O

/qu9+ fQF'nda.Q= /QSdQ 3

H F AR A0

R L
A3 sE5e) W, 5 Ag 4/ W, n

)
O

]

]_

¥

ok & x0
H o o & o

M
ol

Mro oogt

Aol A=
A A= g e o]t}

Eq. 3)& 38wl 98l Z+ A(Control Volume)oll
A Aigt 3 o]4tkg) gk} o] er;‘q S HHL 7311} /\}3

_]Jj_o]:
¥ B2 Geris 239
S Ao 7]€o sl

el
D} UMENQ A& *ilsﬁ‘ﬂé% Beffa (2004)& %‘i

Fig. 1. Unstructured Finite Volume Model of a Triangle and a Rectangle Grid System

#4614 H69% 20134F 6]

657



il =gl F =S 4
o71M, 4, = (i, A \H, Atz o]ikstd AR
olw], F, i= &5 (Numerical Flux) o]t} #=Eg]

E
Ak w)zARe) Aot dwAzel £
47 A 8P S A (i) Q92E ALgte]
s Aesel Al SAsEE F et
&3 2o,

Fi,] z+1/27 lsz 1/2j+l Fz j+1/2 l Fz’,‘jfl/Z (5)
AT, 11, oy ] A ololth, A% BAE F
—H %?}8 t _)l:_]:é__%% Fz+1/2~j %o ]}1\_2 _'43]]}\1“ =5
A7 1e] AElojol ko, A4l Be AT
§ g} aeld mepl ofs) Hasel ofw el 2
FollA el AR R dEE 2714 419! Riemann
Al et se] B st GerrisEEoll A= Toro et

al. (1994)ell <}l A<t
S9th. HLLC7|IWHE JdE=ZY  21g w5
(Leveque, 2002), sH-= 97} Mupd wf A3sh &= gl
+ nhEstEel tigk AXtE golstAl HEld 4 e
o] tKFraccarollo and Toro, 1995). B3+ vlE3l=5
Aot of np7A| & A A o2 X gro w2 nlEnt
=) A7 zlo] o] de] Alo] EAgthe HE g
29l 71A4E 7|9ke 2 s RoeZ|BETh A&t AMA
= AFeta(Kim et al., 2003), 53] 229741 2] &4
of Jold o w2 AYEE
2002).

Gerrisoll A= 221 FHAE =S 98 35& AXE o)A
o AgE AFAsHE MUSCL71%(Van Leer, 1979)01
ALE (T} A NE e Ao 2 dP3r
B8 AT FAEEE At ATAdE FHEC] A
|Ho=A T3 272}232} £ frAgel AP gae] A
& 7% ve £44 Aess FFsty] Hate] Aozt
A2 E A 5= Gerrisoll A& mindod, superbee, Sweby,
van Leer 59| Alo2HE AH&-3 = 913l < An and Yu
(2012)°l] oJs MLPA|o|2F7} F7hE| QAT =oll A=
F4 291 minmod A1 A7F AFE-E AT,

)
5
i3
=y
:

:91:'1
g
tlo
>,

A 3-8t Valiani et al.,

o

ARG I 51} QD Yol & A =8
S931 YY) £A8 BG BAY 34 P
0% A ] A o) BAR Bz

shasior s, o] LAlE A4l shas) wow vhgy/
A

A5 AE7E wabE o A o R B E Adsto] A

658

Hejo] AATHS oA o

o ° o
L sH7aALe] A EkE A
] ¢JtHRogers et al., 2001;
Audusse et al., 2004). I % Gerrist Audusse et al.
(2004)°] A|<ksk ”Hydrostatic Reconstruction” 7S A}
83le] =27 B9y A2 st ok AAE A
-2 Popinet (2011) = An and Yu (2012)E #a1sl7]

oA HE S A7) A8 XY
ARgskaL glont ol @ VI ES Aol 488t
= 2L 9ol dud A7EE xSkl Tue] B 8
EEa Bl A BaL glar, BR i =Ee) &
A2 Gerrisi2@ 2] -84 W7t glenz wu A
Al WE il AFelrle Ik Fas ffs)

FLUMENE &A= Flux &2] A& fla S22k &
k71" (Flux Difference Splitting; Roe, 1981)S A5}
T3t 224 B o] A S ARE-gY.

4 < 9ste] #84

o frAle] sEWstel whet =2}

A= Az e A

ATk Gerris®] #4824 w4 A3}

7'M A=ELAR AEEE vt ZrH(Popinet,
2003; An and Yu, 2011).

D At e w9) m1719] AArAEel ¢ A28 =

ri=g
2) AAZFE 4709 AR 4%
3) 54 ARz o3 ME3sF 2

%X4 o7 HH]—Ejl [e} Xé

A APEE AL

Bastehd g A

& g 4,
1) A48 ARsls}E, 057 Aste] Lo] o)} 21 ol
4 A gEs g,
484 vl ARE} A8 AeEel A A7
Fig. 209 2 o5 A 4 26, H97A 4

T glom, Bad a4

AT} Aol 78S T AlLevel) 7+

%1 A5 Root*do] rj/]rJ— O}Uq 7V %L-‘Hgl 491 Root Aol

A SHIAA Y b o g ET Axbe] ARtz

o= A del, A4}, Lk SOl AHE 9o
A A

%‘ T OR—
™, AlRbel] whe} o] b= F2 A5 vilH AR
Ag 7Pssi

UQ
N
<
u B
iy
L
FXL

BEKERBEMNE



o & 5] Fig. 3(@)9} 2Zo] @9=a7]9] FA2HE el W oakE] o] 9xIstar L, A el HY R
tjo]El7} EAe 75 o] & 453t AXE AAdSHEA Ao 2HE F5CE 1021 km oA Aok WAkA|
AEskE &8sl ) Fig. 3 )-‘:— AE e F SR H o2 RE SHRE 1648km A HoNA YA
A AFAR] T2 Ve Ao R 39 Al A oF o] star Q7] wiiEell, WiAkAl X2 Z7]el
Al e ZF @R o o] «] o] da gl G54 B (K s S0 S T e
Leafd 7} al9j A= o] Fao] dagh J9ds ddsted] ) F ek X0 2(Kim, 2004), 20020 89 655 A=}t
AlEsks &gt o8 Fall Alte] A AxE HAsE$2 Q3] 8¢ 10¥ 161074 5HE%eH 84 10
AYAZIAY Lt dioly #h& 2t e AAE & AHH 8¢ 20974 1147 A= ATE Ae] 53 4
AlA 3}1’%4/\]7&% @=3 = A Hok o] ¢F 15m AEolm 53 % Azol= EL103m=E

Fig. 4= A=Eg AR} PAAHE o] &3] sy eS ZAE AtHMinistry of Construction and Transportation,
Rojgk Aow Zﬂ‘HZIE—J ek Ayt A7 2] FJ=Eg 2007)

Aol Waks e i%liuﬁ, E5o] Wslol upe} Az} 42 AHZEA
o] Aol WHal= RS FR1 & 4 Utk
ATl A= 20029 8¢ WiakA| o] FHdf] whE &5
4. 23| Mg H 2olE fal He e 717 3719 FAHEAA
of Az, 3F) AR5E AREsITE e AAE

4.1 o7 A0 9lo] FLUMEN®] 79 AR m2=0] #|sho.2 2]

oo S put T

2 AT gl WAAIE AdEE gk W HE2 HYd SgEHE BE sk 77 X3 S

0
E
1
2
3
"I
(a) Quadtree Mesh (b) Logical Structure

Fig. 2. Concept of Quadiree Grid Structure

(a) Grid Refinement Process (b) Logical Structure

Fig. 3. An Example of Adaptive Mesh Generation

464 6% 20134 6H 659



Sh7lo oJ# 2ol o] HEC-RASE E3}e] &
sk AR S99k 75
AREEAY Fig 5 th-R9e] 27121 2
S S5t ARRE I HSA X E 3|
el Y, Ministry of Construction (1992, 1993)2]
o] FFARE 7IFoR 8t

660

y (km)

=S 7A3kaL, Ministry o
Construction and Transportation (2002)¢] 2} =982
o] 79 9 FEAEE AFSSte] Bo|FTbel| tigh &4-¢]

Aol Be 2 Ak AR AARA
g el AAxAen = 493 Aga%on 244
z71 2 AAzA 67 7t}
/H.?_Z—]:_Q_
ST 4.3 x|
=7

=h

5 56 L T L L

=il
=

!
| N IEE 77 [ N O AT T O D

Fig. 4. Change of Grid Refinements with Time

Jecucl%cé‘t
observing. ian
4 "

Similated
flow domain

[~ e e

3
x (km)

Fig. 5. Simulated Flow Domain of Nakdong River Basin

BEKERSEEH

QYA T A B A7 AQsHE o] A
A7 HLEo]th, FLUMENS] 74$- 345 %= =
Aol 35 flste] 2@ 2

&



o7 TRale] AAE FAY T2 mEdA A4S AL w9 moS Aas) 7ol ulel 2rpHow
AyAdste] A8 Aok ef=d| Wl Gerrists DEMO. 24 Qs BRO ThA] 4R} WeEa 5E0] A A
Y 252 0w Axs Aol APAR S5l glo 7he 49 oA & AR FeE] wle Z8AQ B
A AR Ao 015}. £ Arel| A= 115000 5 o7} 7hss)

AR E2EE AEREE F oy o Z}z}o 3]

A A 7;}% Fi; T 2 G o m:lw; jja %0 44 ZEAT

3t Axg ALgste] AYARE 5 F 4] AlRd)E S0 ZEAFE AR 2 AN HHTRE, 5

< °o]&sto] ARE B A=

ok AAE AlRstels =] witEA, sheAv] A SOl e wWeks 54
NFE oA £E9 719717t 9 A1F ool MW AW el 8 WS sked shtolth swe] A
AzpE AREsketA wi=d o] w) W vy E 5 Jreg FAehE A4S YEhl= 2%(Roughness)=
ojxm, mejariel whet Ads] gs) = Jart Ak & 54 & A4S VA= 84 F shioln, XxHe]
BIAE $918 JF0R A4S ARet Yor], A4 EWFOverland Flow)d] 55%58 gist stel 3
el 71971 018 JlEo Soat 2 gele Al g /PN wEd) BEREAS etk A9
W3 Azt st 2L 328 nwE 2w Azt x| o] ZEA 4= Ministry of Construction (1991)0l] 4] A)|
1800.00 14.00
1600.00 - 15:801.
13.00 -
1400.00 - =
=z ;s' 12.50
1:- 1200.00 H
B g 12,00
E 1000.00 - =
= 1150
800.00 - 6
600.00 10.50 T
03 08Y 08Y 0¥ 08Y 03Y 03 03 08Y 08 08Y 03 08Y 08 o033 08 03 08 03Y 03 08U 08 08 08U 08 08
102 109 1Y 1Y 1Y 1Y 1Y 1Y 129 129 129 12 12Y 102 102 11 119 112 1Y 1Y 1Y 12 12 129 2% 12Y
16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00
Time (hr) Time (hr)
(a) Upstream Boundary Conditions (b) Downstream Boundary Conditions

Fig. 6. Computed in HEC-RAS through the Boundary Conditions

Tm e mmen | mem  wmw  me . wmen  amen | man s i

(a) Grid Generation of Gerris (b) Grid Generation of FLUMEN
Fig. 7. Grid Generation of Gerris Model and FLUMEN Model

464 H6E 2013F 6H 661



[SAR=N

Aeha = 0038 Agaigom, AuHe] ZEASE  FLUMENE®S olgalol Eruaalde Faasid.
MLTM QOS] W@ viAus Agasel oA sidaste] 35wl FLUMENS] 2% 9], #45e)

Fig. 87} o] thdrele] EXolgmiolA] EXolgd 7} giof tiste] Alzbiz A3E m&s)ok s}v%, k=

4L F31a, o2 Eg. (0] A4 F 248 §457kx  Aesked 499 A7re] 2244 Gerrise] 45 A4

wAS 0588 AR ] ZEASFRE A 8sTh < Aeste] Al e ADEA, FEE] g

REARE grEF2 0T oL § Qths Jjol7t 9

= ”?Affif‘i - Ang“‘s ® o BAS STl gl T SN Gerris

o o] 7% oF 30%-9] A7bo] AL ¥ 0w FLUMEN-S ok

7|14, n, =0.060, n, =0.047, ny =0.050 2.2 Z} &0l TAIZEO] A E ATk AP A9 -AUA] 491 Fig.

e Ao, A=A, 4,=ER2, A=7|EbAe] 9t o] Mslallth AlA Y] Feushs Hx Aol

ok FAE = Y 4* 9 Solu, mEWAe dxe]  HuE AHORRE £94%0] Al%sl] Gemsy_sa o
HEAAS TP T, FOAES TFEH FF B3I o 2447 Fol Ao $919) EL1459mel =

A, 2A B FA 5L 199 EAolgor Fet a9y, FLUMENRE S 2247 o 2o 9191 EL.

1463 mell =2agT) o] Aol A A9)A 2 A5

5. E4HEGIM ZapsM Al wAste] RFRAA A&t A9iA

oF A F9Ixte] Wk AR F AR R

% AolA TEHE ARES PO GarisEHA  #YS F43] oFolx W] fde] LA o] T

|
FHT FHoER
F0 .M
0 ZMAM EXN0S

REMARKS

f F\ | -" ..... |

662

15

14.5

=
'y
L

-
-w
[

Water level (m)
=
N
wu

115 -

11 -

10.5

10

-
N
L

ot 5 ATEAME . mpw s AT

—e— LY X|
—=— x| X|

24 30 36 42

Time (hr)

6 12 18

(a) Waterlevel Change of Gerris

Fig. 9. Waterlevel Change of Protected

48

Fig. 8. Land Use Map of Beaksan-ri

A= HE ) (%%
= 1,779,946 {523
| Q02,297 (266)
i
| e 372291 1.1}
e 01 00|
; 3] 18,622 { QE)
(w7 1332724 39
|8 300,345 { £3)
WIS 2230421 BB}
1 |
15
145 -
14 -
13.5 -
E 13
]
@125
g
2 12
11.5
11
—m—HLfE]
10.5 - —— | 2|X]
10 T T T T T T T
0 6 12 18 24 30 36 42 48
Time (hr)

(b) Waterlevel Change of FLUMEN

Lowland Area and Riverside Land Area

BEKER

T
% = aff



ol

AIAZ GHge GAHos AYHT Yee & 5

o=

o

It} Gerris
I~ 9 fe)

o}
HED

el

A A o] Wk Fig. 10014 813

R A B3 F 8A7ro] A A A4
97%°l sdeh= WAl 57t dojukon, o5 A3
o] F7kste] Hdl AFwAQ o 351 km'el ©]
2717HA] o 214130 2 QHATE o] 324137k A
S fASh RABRAIA o AAEAc
FLUMENX &2 A3 § 5A1ke] AupA] Ao 4
HA o] of 952%el WAl H7t dofiton, o5 4413
A5 o] Z7ketel A AFRAR oF 313km' o]
2717 of 22413k0] 28530tk o] R|FRAI7}

A A2 A FAE A A S F 641%T

L -

w
n

w

oo
wn

Inundated Area (Im')
-
n ~N

[

=)
n

-#-Gerris
——FLUMEN

o

6 12 18 24 30 36 42 48
Time(hr)

Fig. 10. Comparison of Flooded Area Change

)

o,
)
o
e
B
=)
2
o,

7= FLUMENE.3 o] Genris®= 3
PE Ao}, GerrisE 2 6417 o] %
B FA3] A5l ST Ay,
I ARARTE L ARl Aol
g8 G2 549 Folol <@ 0.
AQAR Aol7k FEEA Aol g g
FrH= A8 UEpIT Gerris® 7 FLUMENZ. 8]
WSS 27 584met 64m= 71 AU o]
gaeel ARl o8 529 F7} Gerrisw@ol vl
o] He FLUMEN® 3 olA 27 thehs 2
‘ slo] Aol ela) o]}

=
ATHS ThA] BRIek = Qdvh ZF mE o] o ARPE J

=2
=
(o} |
=
ol
i
ol
™

o 2

e
IR
)
o

oft
=2
1%
oo
)
rr

ol

o o & B o Y 1o
>

=

L)
-
td
ot
1o,
:%
i
iin)
&
=2

3!
w
)
rlr
=
td
oftl
1o
B
=
i)
By
o &
)
i
i
A
e}
&
H
il
=

WEle] EAE A0 2 Gerris?]
ok 031 km® @} A4 %913, FLUMEN®] 7%

2 = = -
Kt ki APGEGITE F RERE 55

—o

(2

B\

i

-

oy

0 192 2
e
Sy

i

53]
A3} zjo]2 welon| wWzle] zpoluto 2= FLUMENS
o] GerrisEH Rt} AA X FHA ] 43k S HYe
U, Gerris®] 7-¢- FLUMENG®| H]&l] 27 2 &e] da-S
2 rdsilon, AA Hed PgAs & et 1
23 AZ35e] WA uls) ek A E oF 031 km
o] AL Ao PHE HHE A HpaF g v
223 1R QHste] ExHo] A<l e o] gl
= 2ol A EAb] EEE o QYR] e LRE

11

0 o=
o

24 hr ) 48 hr

o = N W & OO N0

(b) Water Depth Changes of FLUMEN Model

Fig. 11. Simulated Water Depths in the Beaksan Levee Failure Case

#4614 H69% 20134F 6]

663



(a) Simulated Inundation Areas of Gerris

(c) Surveyed Areas

(b) Simulated Inundation Areas of FLUMEN

(d) Srveyed and Simulated Inundation Areas

Fig. 12. Comparison of Survey and Simulated Inundation Area
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