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A Study on Selection of Optimal Shelters according to Dam Break
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ABSTRACT

There is a growing demand for the stability of existing dams due to abnormal climate and the aging of dams. Emergency Action Plans
(EAPs) for reservoir or dam failure only consider a single rainfall event. Therefore, this study simulates dam failure caused by continuous
rainfall events, and proposes the establishment of EAP by selecting the optimal shelters. We define a mega rainfall event scenario caused
by continuous rainfall events with 500-year frequency in the Chungju Dam watershed and estimate the mega flood. The mega flood
event scenario is divided into two cases: scenario A represents the flooding case caused by discharge release from a dam, while scenario
B is the case of a dam break. As a result of flood inundation analysis, the flooded damage area by the scenario A is 50.06 km? and the
area by the scenario B is 6.1 times of scenario A (307.45 km®). We select optimal shelters for each administrative region in the city of
Chungju, which has the highest inundation rate in the urban area. Seven shelter evaluation indicators from domestic and foreign shelter
selection criteria are chosen, and Analytical Hierarchy Process (AHP) method is used to evaluate the alternatives. As a result of the optimal
shelter selection, the six shelters are selected and five are schools. This study considers continuous rainfall events for inundation analysis
and selection of optimal shelters. Also, the results of this study could be used as a reference for establishment of the EAP.

Keywords : Emergency Action Plan (EAP), Continuous rainfalls, Dam break, Optimal shelter
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HlEo] & FFAIE o s g7l 7 divlag AAsIlnk =9 dio)a A7Ees ol8sle] 77K tivls rHIEES
A3 0w, A|Z3 Analytic Hierarchy Process, AHP) 7#-& 8-83lo] ty]Ak tIoFE-S F7sioict 4 AUe|edE FF tu)as
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Z7FskaL Qi) 2022 o)A}7])$ H ik (Korea Meteorological
Administration, 2023)o]] W=, 7|2 gelM= X 7P
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Al E2 5o] Flrwjo] W ARk B QI Sl ekl
o} olHgh AAAAR] S eAPEe] STk Iuie] | =93
wARE A JHe kel thgk 9 STAIPIAL Stk SERE
oA gkl 2021 APAE AR (Kim, 2022)0] w2
W, FF 97 309 oy H W 389AR A We] 60%
oPdS AL glom, AKIE T Sl 23] 107] Hgle]
ATES WITE A 2002 BE FAPE St o, Sk
AVl sl AeAAIer FHATAE B ER e, 2014
Holle I A=), 20180l 2QAAGA7} F535-0] 2siA
BT w2 B ThsAdo] sl well ik fjdde] 2
B3t A] 8 (Emergency Action Plan, EAP) 4=82] $Q4Jo]
AR Uk

QA Feld= TAA e ] 9 Alsfelol] vt
HE AB(AFA Akl A7), , AR A #137
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opde] Sebde- Z2ex] WS - B AR of3fe] AA)-
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EAES aesA ol Jlom, Ea v it o) BEgh
golti(Kwon et al,, 2015). =, thol2e] ofe] 543 vkgshd
A FEE Aake =SS S Qe AR giea A
WHEo] FAlgE dsoltk

ol B3jo} Baixl AL Fread(1988) ofF ole] AAS
(Wetmore and Fread, 1981; Bozkus and Kasap, 1998; Zhou
et al., 2004; Shakibaeinia and Yee, 2011; Marsooli and Wu,
2014; Munoz and Constantinescu, 2020)<] &JajA] @ H3]=
ROt 4 ol BE /s BEE T ES] s glom,
o]= 53 DAMBRK, BREACH, SMPDBK, FLDWAV % &2
o B3] wo] mHFo] ApEsgick olelelw o B Fw %
B X7S ¢&(MacDonald and Langridge-Monopolis, 1984;
Bathurst and Ashiq, 1998; Fagherazzi et al., 2004; LaRocque
et al., 2013; Li et al., 2020)3FAv, 9 B3] 2 21384 k5l
HRASHE= i8] S 24(Lodhi and Agrawal, 2012; Soleymani
et al,, 2015; Day, 2016; Azeez et al., 2020; Bilali et al., 2022)3}
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(Choi et al., 2012; Nappi and Souza, 2015; Trivedi, 2018;
Han, 2019), 435 F/HIEES ohgsle] H2lo] thulig 4
= S Jsh= $37(Nappi et al., 2019; Ma et al,, 2019;
Song et al., 2019; Kim et al., 2020a; Senik and Uzun, 2021;
Lee et al,, 2022), 71& 7ol EEA] Gt oJsEw &8
4, AR 5 aefsie] tig)4 Aol sk $(Sanyal and
Lu, 2009; Chang and Kim, 2014; Choi et al., 2019; Alam
et al, 20217} ZWHLE BT o] AT B594}
ol o3t | B 9 thuds Ao Wk Ay XIER] ke

ojo] & ATolMe A& AP el AT 5 Q= |
¥ g TR o] Wl ofs shrtel Hulsirt

WYk AREE BBl ol S8l d&ErINe] A

T+ AU LS Aol AR AEE ke A= B
= ol&3te] AEaES eIty AP At W
eI Bl W BN A R APIRES eI
1, w3 9 Rl o8 25l Ao s Aelsie
7} Alu] Qo] wiE shRe] HrufEls BT E R APkl
on), Exslswe) e seda wRske] vl BAs,
Zh Alde] e we FATGE HA diulas sk Sl
S elol) Bgeka g viole WHESS 245105, 35
o B3l Qe ARES Ua ARRZHRIER A8
ot} AAE FrREe} AlEst B4 W(Analytic Hierarchy
Process, AHPYS: 8510 thrl tlRESS /)sled 24 disls
& Agsialth

[<JASN
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AP A 2 Q18 whels §EES Avksgolela
(Kim et al., 2020b). 71583} thH] A28V /AT
(Climate Change Adaptation for Water resources, CCAW)oi}A]
= 371 2R AR Avles Asiies], 2 o) sht
7} AETAPS el o3t Agolrk s 9ARY gl ofgh
A AR es A Ye] SEd TS TR
(Inter-Event Time based Definition, IETD) 7F4& Afolof] Sl
A& 0 2 AR 0 B4 AR = Slnk SRER-EE 2019
R B "ZrEk AR ESR]F](Bae et al, 2019), 9
A AAE H2E B AR o, HATEARRS
ofe] IETD 2y #PHE SolA ws A2 (Coefficient of
Variation analysis, CV analysis)S -85} 2F43 4= Q)

CVEAL 79APE Atole] F739-717FE0] A4{(Exponential)
XS wErhs 7Rgslel WEAET) 10] e AAARES IETD
A7 slt)(Bedient and Huber, 1988). CV&4] o]e]d]] IETDS
2317 S1aiA Wl B8t AP PITHEY B A d -
TheEAtol ol A7Ak Q1S el A @Eke whow,
AREE AR Fu 7IRE] whet 2P IETD7} ZdolsiA
Yel= A7 938 Joo et al., 2007; Lee and Chung, 2017).
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Storm Event Based(ConSEB) R&-& o]&3le] At)Zraks
APtk ConSEB ¥ 71E - E¥E0] 7K+
RS dslarat IETD9} ARFAS] Shibds E8319iom,
olF T3 AETS AP o3 fFERE APgskE SlofAd
S8 AFE B FYTHKim, 2018). 3HAwF E2AI7H Time
of Concentration, 7.)2} A7/d<(Storage coefficient, X)E At
g3k7] $13141 ConSEB RL&el|A] 283kl Q= Sabol &2
23¢1xK(Shape factor)7} Zfopd= T,/ K7} wjg- ZrolR)=
) glon], F4o] T A Abgehe BARE AR ol
o3t EA|E s AskarA} Jeong(2006) 3 I1A17} 0.20]5}21
790w 289 4 Y= 549 Sabol F21S AXBIIEHEG. (1).
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2.2 Simplified Dam Break 23S 0|25 ti E| 2o|
IARE AARA] @ B FEe Bejsl] flsiA TRk
R Eo] /=t W B B3O 2% Fread(1984)7} AAIGH
Dam Break(DAMBRK) =&Y €|, BREACH =&, FLDWAV
%), Simplified Dam Break(SMPDBK) 23 % tjokslA EA)6}
™, Hydrologic Engineering Center’s Hydrologic Modeling
System(HEC-HMS)2] #5=2]2] Outflow structure =" 1
2]aL River Analysis System(HEC-RAS)¢] Inline Structure
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Item Yalue | Units
Dam name:

River name:

Dam type: Earth dam j
Elevation of water when dam breaches: 100.0 ft-mzl
Elevation of breach bottom: 0.0 ft-msl
Volume of the reservoir: 1000.0 act
Surface area of the reservoir at dam crest: 100.0 acres
Width of rectangular breach: 250.0 ft
Time for breach to develop: 120.0 minutes
MNon-breach flow [includes outlet, spillway, and overtopping): | 10000.0 cfz
Dead storage equivalent Manning's M: 05

Number of cross sections: 0

Distance to primary point of interest: 200 miles
Define maximum cross section depth: [~ Define

Maximum cross section depth: 200.0 ft

Fig. 1. Input Parameters of SMPDBK Model

editor 5-& °|83st] # BHE HE 4 Itk

SMPDBK 232 1981 Wetmoreol| &JajA] 7
ngog o Byo} PHE voksl 283} a9 :mp
olgalel ke ARE 2ol T BINe] HrETle] 49 2
3} ERARKE 298 5 Tk SMPDBK REe ahH%
9 vl WA, W B U], B, B
FheHel Ao Wl B3] o} rPse, ol q_
o WjsN Ae o] e Aus Paw Irhs F
51tk SMPDBK 8s] @ 251 129) 48 30 ?*35101
Atk A A A= | hRe] sk RS T G=(Prismatic
channel) 2 “geofsh= Zlolt}: 7+ Walk= Hel 85} 3o ARFA,
71kl S5ds arElet ¥ B Aol WEhe frEds M
Zo)aL, wpAero 2 kel 3412 3%(Routing curve)o] 7R
TET FHBL o] 7RO R S| et e
FIARES 2RI o]& SalA A o] JEAkE(E A9,

Shp ShlER, $7) WHE, BalAdAR, HE vhe vt
o) B)o # KRN @ B2 w5 om(Fig 1)
the W 23 wEle] 2ol 27} v JME FA1E FS
F3 Qi Wetmore and Fread, 1981). o]2]3l #-& 7}7<]"’
U= SMPDBK 52 ofg] A7ak5e] ofeix] | 83 Kofst
7] YA g5 Jri(Paquier and Robin, 1997; Han et al.,
1998; Reed and Halgre, 2011; Shahraki et al., 2012; Mahmoud
et al, 2022). & Aol | B BofE 91ek 71RAR) As(Y
A 9 B SRR B 43lo] Pseisl] el ol
ApErto 212 W) %3] wolr} 7153 SMPDBK R3S 24315t
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TARR tio)d: A 71 AREAE 8 AR AR
2 71 Boll B3 A-eA] AAISE 71E(Disaster Relief

division, 2021)& v}Eo 2 &l vk AFSA = tjax]S
Ul ERZ o)F 71t AAES UFAR Agshs 2is g3 s
s, e, e, ol87eHA, & LEst tiuAE
AAslt) n=-& American Red Crossoll4] A A3 Standards
for Hurricane Evacuation Shelter Selection; ARC4496,
American Red Cross(2002)E tu]k XA 7lE0 24 ghgslar
ek =7 thElae] A9, 100 R ol dA ]S €154 tha)a
£ A 500 WIE A dulel] diEAE MAshke
24 1 Zbs Aarskal Qlok 55 2R i) HEkE
st R AgE 7hsAe] e A9 thula oA
ALAZIT)E D2 A7 oA vh thos 9 2
2)Z)((Tokyo Metropolitan Government, 2013)ol|4] #| A&+ 7|5
= HEe 2 i ag Agskal itk dE-2 sk AbE 3
Zt el 46 [ﬂra} 1xH7E 37477}?] OEAE BRIk gl
H, ZF e R oE AR 7IES 7HAaL Jrk(Sakai and
Lukner, 2013). v}x|2}o 2 oJ=ro|A{= Evacuation and Shelter
Guidance(HM Government, 2014)E =3 thulas AAsk
Stk = Widimle] B9 54 3ES APgeiA] o AAPEa
o] A%, =R T kA @—E o] Z& Askar
Rom, A7 viFle] A= tiFRke] AT 7k
IS Yu)AE MAFES sl It Weame, 2007). oj2] Z7F)
tig)a AR 7SS Al da, ARARD A TEdA vk
2lo]& Holal glont A= thu]de] 81, theie] Az
< 1Bl HES TEARES HH4E AHEL e 2
FRIE 7 AUdek 2 =] tiu]a A VeSS FEA tiga
HiEs #37}3}7] 913k 371e] thtFE AR} T AR}
AEE AA3IKTable 1).
i En EH"JE‘“ AFH R sy flete] 2t tiekEe]
AR Hlo|HE F-Eatodof stk aFA|NE kR3] tolH
el g Z2ke] FAN) Dt 2RI Hlade] Brb s}

Table 1. Optimal Shelter Evaluation Indicators

General Specific Evaluation Indicators

Scale Adequate accommodation of evacuees
Height of shelter building

Ease of access from evacuation route

accommodation

Geogrz.q?hlcal Distance of shelter from stream/river
conditions
Time taken to evacuate to shelter
Public building
Type

Private institutions




th o) $J3le] Bt glE A 3o = EEslsle] AdiE”d
F71E vlwg Favf glow, WRES BFslhe WHe
ofe] FF7F vk I Sk 2AY AZ7Y(re-scaling) HHE
Az HIGT HEghS o83k WHOR ofH Mg
S 3l X7F S ol XoA] W] HEghs wiaL o]& thA
o] Folighel] 253k W gho 2 o] Abgshs Wio )
(Eq. ). 2AY Az e o5 gho] 2SR &, s
] S AHHo =z gefsple golsith ulEli] £ Tt
M ARF7IAR HolElE Bkl flE 2AY A=A

WS A8kt

L™ Lin

(@)
Tmax ~ Lmin

A7 xRS g, T @, B B ERS] H5k
3 HYgks oWtk

ZF A7t AR Bshd ArEs shie 3R v
SlEAE 7] AFge] skt # delrE AlSsAnalytic
Hierarchy Process, AHP) H#-4HhH-& o]83a] Z} Ag7| A%
7SS APl 7} tin)A UIES 78Itk AHP WS
Satty(1987)°l] <J3l] 7ikel o] tlE xR He] AR
Ao 2 AERANE B3 ASHoR Fxske 4] A
2 Z (L VA E Hrishey] 23skcl(Yoon et al., 2016)
AHP #2412 Fig. 29} o] 402 F49=o] 9tk

A WAE Y AR IRREES 5249 Jie s 3t
slo] wjgsh= AlET-2E k== Zo]t(Cho et al,, 2003). %A
27gek TR APRE7RAES Al o axe] 8, oo o]
PR1zZ, the)iee] FFAPdo 5 3714 th-Fea7 AIEe] Bl
3te] Table 13} o] Alshe 725 W < Qivk -+ Wak=

Create
a hierarchical structure

Pair-wise comparison
and establish priority

Check consistency

Calculate priority weights
and overall priority

Fig. 2. Procedure of AHP Analysis

Table 2. AHP Pairwise Comparison Scale

Int‘;cvr;is;tl}l/t of Definition
1 Equal importance
3 Weak/moderate importance of one over another
5 Essential or strong importance
7 Very strong or demonstrated importance
9 Absolute importance
2 4.6.8 Intermediate value between the two adjacent scale
T values

ATl 9A4E tiel] AEANE F8 AURaE st oA
FAEE APERE Bloltk B ol ZF i 9 22 Ui
of] &3k ARE7IR B8] AdiR|ate)] B35k AEEANE AXABE
o} AATMIE 918l 2 AERe] A SR s Atk AR
Table 29} o] 95 HE ARSI, AR ulE o= AXE
Alo]e] e Sarrt vigsiaL e 15, of= & A5t ke
Ao vl 58] T8l AdEH 938 Fofgitl(Table 2).

A vlal Ao ex A= BR1e] AR AAts v 2
Heb| e, Y A A7t FrEEREA] ek HE}
dastt G A5 $IsiA Y¥d A4(Consistency Index,
CDHe} d#A4 H]&(Consistency Ratio, CR)-& 283 &= qlth
g Aok A vl ol F4)Egs. (3) and (4)& o183t
o] T 4 glom, dIg AFeA g8 HlEo] 0.18T
2kl 09l 7R 8& 7HESE, =eA o2 epdsiiar dddt

% ik

ClI= (Amax—n)/(n—l) 3)
CR= CI/RI G

7NA] Apax = AT Y E 7Y & AHHE )8l ne
BHaER= APRREe] 5 ou)dit) RI= 2] A<{Random
Index)= 15E] 9xfo]o] W5 ARBSHIA] F-/3%H i)l Ee]
g Aro] ko wa, B AmERE de FE A
W FEAe A ovlEith

T B ARFES tPde g AR 2AE A3EIaL,
AT Aot GHIRES APgste] = o g efdsitial ¢
Th= A A A ol8sle] 7 A9 TeAlE APkl
o} mpREEe 2 oy tijle] theh T39S o) Slste] 2 Al
TR Atk gl AHPE BallM =59 71AE Hae]
She] W7t A5 ARtk APE 7 ApE Tk R 9
AE EFshal, FHHo] tigke: At

Vol.43 No4 August 2023 437



AEBSATIE] B B3 Alteloo] uhE AZies Aol Bt o

3. [iXI% S HIOIH +E

B AT 25U F9S P gom HYsirkFig
3). 359 Fee Viol FANGFE BV, IR 79
om o] glom, F WAL 6,648 ko]t S
Sell SR FUe 1986106 SFHLIOR, o TS
3,380Mvhn’, BF2H8-2F 616WTY, 27} 844 Gwhe] AZS
A, Bk ek FFe ) EaTe Fe Yow
2003 490 AH) AN el ® ok St

BRI ER ISR R RECIELE See o)
He] QBdS gzl 2013 I59 X5 S 7[EAI2
YL, 2004474 EYH BxelpE Ak 2
w2 B} Q9T Yk

A&zl ATy Ao s A e $59
9 vielol] $IXIgt 714 B3 87 BSA(HA=(100), 25
(105), Y93(114), F3(127), E1M(216), AH((221), E3H271),
FFRN2))E st A A ARE TESISCE
ConSEB 235 o]-&3sle] 73S 2Hgslr| f1air ==
E30 ool Qi A FEPREE QEN N AlEs e
59 999 Digital Elevation Model(DEM), B4, EX|u]E
& ARE $e190R, SIE5A% 2 K-Waterod £:95
I Sl BRI Algdhs GE(Ea), FYr(FEd
), FFH FUFES o83t A vy A88s
AZST. vt EEdle] BWE wels] @
SMPDBKe] Q22152 75417 9jetol, 2nye 9 554
W HuXE Fal 59 Alds sk, szl
HAIZEYRIMGIS) ol Algshs 59 skl shddie
g5 831 Wonju Regional Environment Office, 2004).
53k SMPDBK ] 9 B-jo} e mpiiaE S8 mlsrgd

.
_ -Gangne ‘Q(ms}

D?,w lyeong(100) \_,_.,‘

tlo o pok

o

!

," 5
Wonju(114] o
Jechigon(@28):L %, * ieback(216)
Gl Dary M
”“kﬁ . - ; * Water level stafion
Chungju(127’ R * 7 Bonghwa(271) % crungiupem
a di ® ‘ifeather station
edngii@7 2] 9 Chungiu Dam Basin
77 Namhan River Basin

[ Pyeangehang River Basin

Fig. 3. Chungju Dam Watershed
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(US Army Corps of Engineers, USACE), ¢34} oLfx] 74
2]13](Federal Energy Regulatory Commission, FERC), w]7 ]
Z(National Weather Service, NWS)ol|x] A 13 W B3] B2,
BIAEARE, HF BN vbE Foldl] ¥ AmE Ik

4, N ol

EEEER

|

HI

41 AU 7| FHRZS A U kSRR A
&35 7Iike) AAS Avfele AEAE Fa] 25
fole] 5004 WIE SHES o) Q4o 2 whel= 5004 W
o] A Ade] s eItk S AP Alol] A1
7re] Aol 482k 2 At ol Ve T Y ¥
Hurser S5FHY S5xdsds B/ o, dAREARE
< L3 AEARES 48R0 2 A7gBlel7] wiEo|thLee et
al., 2017; Wonju Regional Environment Office, 2004). H*
'S5 2 BTARL oA AAeE e AP HS
ol-g3te] 87N B ASARERIEE FE7-9-2S AP
o} AP AR ghEd-7F #holl thsiA] Thiessen WPHY} H2)g-
2511419 Areal Reduction Factor, ARF)E Z-g3sle] WAHF
S-S APISIITK(520.7 mm/4R ). theo g SEF
Alole] S A& 7IRYS A Slsi S 9] IETD
£ 2PEsISle): $7) BS540 A A AkEE TR CVE
< Fdste] 4 #5441 [ETDE 28Tk ch&-=(100):
11 hr, Z(105): 11 hr, 93(114): 13 hr, 25(127): 15 hr,
E(216): 12 hr, AH(221): 15 hr, 23K271): 16 hr, 3F(272):
15 hr). 87§ ¥54-¢] IETD gk FollA 71 2k @l 11XREs
4 <] IETDE ARt 2He waRd & 9%
4 [ETDE 7IHFe 2 5001 RI% HHET SE ks 1IARE
F739- AR YRS Fal dgzlo g wA)A 5004 W] ATh
75 A Fele2 ARSI AT AurES Aeles] HaA
= 883) 98iA A= PMPE A2 B4 (Ministry of
Land, Infrastructure and Transport, 2004), ]| #|A]5+ PMP
4 RS Bl 35 frole) PMPE AVESISich PMP 44
o AEHAREE SU3H 4817k 2 el o, PMP=
661.74 mm= APFHSIk AP El PMPo} A Aufe]2.2]
SR e A, T ) S el
PMPYET} 7R Z1& &I 5 SUAT(Fig. 4).

7 Yl gk ConSEB RS T5317] ffeiA
Geographic Information System(GIS)E o]-83}e] Af-o3S 23t
sllom, 7 AfR WA, sle] o), shiee] AANE AHEI

. B3 3F-99] DEM, E4YE, EX9EE 55 o]sto]
2 s 9 wirs FSsialtt 7S 28] v

f

12
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Fig. 4. 500-year Frequency Mega Rainfall Event Scenario of
Chungju Dam Watershed

BAS ¢35 20091 079 08 00A1F-H 159 234]9 sfFsl=
$7 7VgE RS BEsle] S5 Asiglck e
S43ES Peak Difference(PDIFF), Percent Error in Peak(PEP),
Normalized Root Mean Squared Error(NRMSE), Nash-
Sutcliffe Efficiency(NSE) 5 47]¢] EAAEFE o]-&3le] w7
F By Avs AR Wik viiuar B
ConSEB W& 74a7] il 2147497} g 20114 62
219 00A15E] 27 23A17AAPE A)el 201613 62 30 00AJF-
B 79 82 23A(FAAVE Byile] 270e) Sl v
$E Pa)e] BEAs W BRI, S0 AV Al
Ashex) Palme) A A2 ATHEU v TS 3
o7} -11ACMS= 7P Z13kAt Nash A5} Gl 9 F57
Hr} ke 08172 AF= It S5-9ol] tigh Aol <
HYARE Bl ko] 2k Bioko ] NashZlee 0.914= 52 Fhol
APEIIT AR Be] Aol it AR Adl HlsiA 2
o] Aehgdo] tha S velsit) oA vERt o= AR
Bel] 73¢- 2710 A 5-9-50] Hdote = vEliAl
WA RE o] WA sk wiEoltk shARE el
Z3do] 9190} ulargk Aol Nash AG7F 0.82724
Frolule Askio] Uestor], Avgte] Aol AN AR
o} 2Pl 2P AL BRIE 5 ek ofelet ATE Sal W]
Tt o] BHE EEshs 2s ARIE 5 SISITK(Table 3).

WA} 7AAo] o]0z ConSEB R3] 500 Blw 7o
% 5004 W] AdpES Afelost PMPE Z945s deist
o] Agrdal 7sE g H Probable Maximum Flood,
PMF)& AFg3ith(Table 4). AH€ A3HE AR, 50019
HIE AP Akl sjal wae H5grao) PMPo
ofalq s BFEagl HalA o 1.29) o 2 44
A& B 5 vk o] ks A& APl ofsiA frzo] Wy

759 PMERT B 2 HREFH] WA & ke 7FsdS

Table 3. Validation of the ConSEB Model

Validating observation site
Valldatlng Events Yeongwol Chung]u
Pal
aocEY0 daegyo Dam
Observed peak
1719. 2049.1 17.
discharge(CMS) 9.8 049 6017.9
Simulated peak
1708.4 1991. 4.
discharge(CMS) 708 910 5704.6
A PDIFF 114 -58.1 3133
PEP(%) -0.661 -2.834 -5.206
NRMSE(%) 13.993 10.369 8.704
NSE 0.817 0914 0.914
Observed peak
2600.9 2421.7 5329.2
discharge(CMS)
Simulated peak
2807. 2503. .
discharge(CMS) 807.7 503.9 5533.3
B PDIFF 206.7 822 204.1
PEP(%) 7.949 3.393 3.830
NRMSE(%) 14.939 16.556 10.712
NSE 0.699 0.601 0.827

Hojgr) AR 2002 B FAPE dS3SkE o Al 244
ZFPMPHT F o] ASHRlom, ARA AL FHAfe
AL FHEAS B ATolMs o3t Al AHE Tke s
PMPEL & HF853S AR 500 RI=e] A+
QS ol8sto] W skl JsE WAATR= 27HA] 7V
A (e olde] el o7k AuE] e/ B
o7k AUEIR)E Aefskirk

Al

= Szofl 2fet ALE|R T H ErEE

=< o1

B AT E 94 Ak 5009 ¥wee] AthEER Q)
B WekA] ARt Tl o] A&AR1 R
Jsle] -] ATElE fdshs AluElS Agh | B-o7)
o= AHEIS B 5 2714 7P AdR|QE T8It gk
7P ARl eEe] 28 2 aRRe] At SlsiMe FlEl
W opde] iRt ¥ B3] Al We] Huae)rt v Ao
of st} 25 o= WkF7)E=4(Spillway Rule Curve,
SPC)ol| oJslx] HhFake] A9t F54¢] SPCE Table 59}
2t 71 "o RRE e W 3 YRS XE3lete]
2 200CMSE AgkspH, W #4524 49217} EL. 139.5 mol] =&3
7] 2R B Ak | #2971 EL. 139.5 mE
ZIEPH W Ee] B ol ofsle] Fak RS ST,
G917} EL. 144.5 me]| 0|2/ 7o) ¢ 7iEch Hel 27
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Table 4. Comparison of Peak Flood

Total Peak
Scenarios precipitation discharge Note
(mm) (cms)
500yr 520.7 26245.85
500yr-500yr 1041.4 31080.34 Select
PMF 661.7 29247.43

$91= AFE$I2l EL. 138 m= 7Pgation, 7Pdels, 9%
AL 58 &8l 5918 mlE] v 29 el itk SPCE
olgste] 5001 Hlweo] AthEk WA Al W FUFS 7912
shslgdon, o) Ogow FEsPH Fig 59 2tk

Fig. 50| B nje} o], 500 Rlwe] Ajgrade] o g
F=e] FFe] BAFEIEL. 147.5 m) oPde] 97} uhysh
Ao 7148 B9l ¥ L e, 4R aeidh HElE
2 26,159.8 CMSE APFH I, o] s=9l= Adualktt
ok 25 m =& EL. 150 mol] =8l 202 ARgEIRich Aulgs
ol whe R} 5918 S A= Table 63 2o,
AL AddlA AREEE 27] W] AFERRECE 26,159.8
CMSE AH&35IH: o= SF9e] Al Hivles 4
oF Louj odel| sigeict.

B Aot Auele Beld wihishe o B3] AJeke meja)
7] S1EiA Hlar A2 i iiaE S3l BER S Aol
7Fs%F SMPDBK E3-& AME3IGITE Auke] & Bolx] sk
9 Be FaE FE B T 548 widsle] =53t

B ASESAPI e FAT F97E b2 A WAle] HE

Table 5. Chungju Dam Discharge according to Water Level

[ —inflow(ems) —-outflow(ems) —Wwater Level(m) |

Water Level =
150

40000
35000
30000
25000

130

20000

Discharge (m3/s)
Elevation(m)

15000

By [\
5000 )Zv 7" \ L 100

0 40 80 120 160 200
Time(hr)

Fig. 5. Chungju Dam Water Level Curve according to Inflow and
Outflow

FAB|E B5o0] nj1erA] Bt wAElE Ao s ARk
o]&jet 2J3le] wk= SMPDBK &32] ulyiE 243517] i
1 FHHUSACE), % ofluiA] 71A] $143)(FERC), m]713%
(NWS)ellA] AAgH miZ =5 3Harste] A3kt Table 7).
B 2 223.5 m(0.5<L), BIAGARES 103, He
1= EL. 150 m, 25 2% vleisel= EL. 50 m& AuE]e
BE 4431tk

Zh A Lol whE HHEE A SRkl ASH
AR A 71FE Foll B3 AF el AAE T T
Axks wEbA JPeFltiFig. 6). 7R WA A8 RS
FFHolM B3 FF7A20 % 106.6 km TR 2 A9
o} theo 2 HE SR} AUREA] eidEo] 1A 2]
o] GISE olgste] AWAZRA] e 2Hgsielch
SMPDBK¢] Ant2 1k ¢l B3] A| 545 HEC-RASO| 28

Water level Dam di3scharge Remarks Water level Dam discharge Remarks

(EL.m) (m’s) (EL.m) (m*s)
138.0 200 Restricted water level 142.5 3,000
139.0 200 143.0 4,600
139.5 200 143.5 6,600
140.0 250 144.0 9,300
140.5 400 144.5 12,000 Full opening of dam gate
141.0 700 Normal high water level 145.0 16,200 Design flood level
141.5 1,200 146.0 17,700
142.0 2,000 147.0 20,700

% Until water level reach to high water level (rainy season: EL. 138m, Non-rainy season: EL. 141m), there is no dam spillway discharge

Table 6. Inflow and Dam Discharge of Chungju Dam according to 500-year Frequency Mega Flood

Scenario Duration Total precipitation Peak inflow Peak flood Maximum water level
(hr) (mm) (m/s) (m¥/s) (EL.m)
500yr-500yr 48 1041.4 31080.336 26159.8 150.00
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Table 7. Ranges of Possible Values for Breach Characteristics
Dam . Horizontal Component of Failure Time
A Breach Width A
type verage Breach Wid Breach Side Slope (H:V) (hours) gency
(0.52t0 3.0) x HD 0to 1.0 0.5t04.0 USACE 1980
(0.52t0 3.0) x HD 0to 1.0 0.1to 1.0 FERC
Earthen/Rockfill 0to 1.0
(0.52t0 3.0) x HD . 0.1to 1.0 NWS
(slightly larger)
(0.52t0 3.0) x HD 0to 1.0 0.1t04.0 USACE 2007
Multiple Monoliths Vertical 0.1t00.5 USACE 1980
. Usually < 0.5L Vertical 0.1t00.3 FERC
Concrete Gravity -
Usually < 0.5L Vertical 0.1t00.2 NWS
Multiple Monoliths Vertical 0.1t00.5 USACE 2007
Entire Dam Valley wall slope <0.1 USACE 1980
Entire Dam 0 to Valley walls <0.1 FERC
Concrete Arch
(0.8xL)toL 0 to Valley walls < 0.1 NWS
(08xL)toL 0 to Valley walls <01 USACE 2007
(0.8xL)toL 1.0t0 2.0 0.1t00.3 FERC
Slag/Refuse
(0.8xL)toL <01 NWS

HD : Height of dam, L : Length of dam, FERC-Federal Energy Regulatory Commission, NWS-National Weather Service, USACE-United States Army
Corps of Engineers

| Data collection and field survey plan establishment |

¥
Data collection Field survey | Past survey datum investment |

Watersehd condition ‘ Past survey

dat lidati
Frequency ‘ atum validation m
Cause of flooding |

Li

Create flood scenario

Flood scenario
validation

Further
investment

Hydrologic analysis NO
Construct DEM

Overflow .

interpretationn

Overflow validation N J

Construct
YES "| Flood inundation map

Database
construction

Examine, Verification,
Supplement

}

Constructu
Final Flood inundation map

Fig. 6. Procedure of Flood Inundation Mapping (Ministry of the Interior and Safety, 2017)

Blo] F4918 AYSHT, o8 DEM 9ol S Augee wA] Avkele. Adl Sl WAE % 5T 500636 ki
Apgatgin olgov], YT ATR FFARE 226219 k', oA
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Flood Depth(m)
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Fig. 7. Flood Damage Area due to Two Scenarios: (a) Scenario A, (b) Scenario B

= 20.1840 km?, e 7.2577 kne) HS=zls7) wAysiIch
(Fig. 7(a)).

Al Boll ofsiA] Wl & Aewale 307.4543 ke
AFES. Adl wIshA oF 6,144 2 HEwIshrh BAyskTkFig
T0). WPFAER AFHAG 2| HE, ST 786774
km?, oA 182.9266 ki, 9HE 45.8503 km’= Alute]o.
A tR] Z82 <k 631740, 9.063ul, 3.478u)] 2 Harredo] vl
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O AuE]e B - ofAlels 7R & Saide] sl
tl, o= AP TR A|9ET} G| 90l APt SRk AR
X Fpgle] &% el HaaEo] S48 S718l7] wheo]
o} ghdel| FFAE ARAF B AR o 2A] A} oAl
Hlsl vl o= gol 34917 SRSl Jgiao] vluz
2 Szl
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Table 8. Flood Damage Area according to Land Cover Type
. Total Flood damage area (km?)
Scenario 5
(k) Urban Agriculture Forest Meadow Bare Wetland
) 2.8612 14.2620 1.6807 1.8527 1.9653 -
Chungju 22.6219
12.65% 63.05% 7.43% 8.19% 8.69% -
) 1.0760 10.2831 0.5338 3.5333 4.7579 -
A Yeoju 20.1840
5.33% 50.95% 2.64% 17.51% 23.57% -
0.9314 4.7239 0.8613 0.5091 0.2320 -
Yangpyeong 7.2577
12.83% 65.09% 11.87% 7.02% 3.20% -
) 8.8979 49.3917 9.4449 6.5785 4.3645 -
Chungju 78.6774
11.31% 62.78% 12.00% 8.36% 5.55% -
) 6.9672 127.1900 18.5873 16.8780 13.3041 -
B Yeoju 182.9266
3.81% 69.53% 10.16% 9.23% 7.27% -
3.0065 32.8836 5.7699 3.6240 0.5657 0.0007
Yangpyeong 45.8503
6.56% 71.72% 12.58% 7.90% 1.23% 0.00%

ARA(Table 8), Actele. ASHB 2 2t 7ol 54
oJe] Z1pmizo] S0% oldo 2 e ARskaL glow, Al
© AS] BS S, PHRE $UAY The 2 Ao
W) el wslsion], offAlel A% 24V} o wel F4s)
o A2, Be) Aol 354, oFfA], Qi B 594
TR0 AkgAele] ol FHEIglck Al Be) APlet Ao
Hlashi, FA} The ATt ke

43 ZH oA MA
Al RS RT F AR Al e Hvlelzh e

NS thgoE B A thrlag Agskik o B4
Ages Je 2 AUelen A48 $5E selsigien)

vpelel S50 el Al BRI AskreAlS

Table 9. Weights of Shelter Evaluation Indicators

23] o) A 7S Farste] tiula gijkEs AAEITE
2.3 ek 37 iR H7EREeE T AR AEE
olg3le] A tju)i HMFE Flg AFTERE TSI, 7
A3 vlolElE kel 2AY ARA WS B3 BEsii
o} o R uiRkes WrIsh] $18te] AHP 7S )83l
BRI R 7eAE EE53ITE 7 A AFES $lsiAl A
FTAE AEAE TR SR ARAd} A S
ooz AEzARE Fsitt At 7A S $leke
Z7F AR 5 o] "olrl= A AHE Al FAFYCh
FHEH o2 F 5370 ATAREEAN PslTAl AEAT A
A& olg3t 7sAE APkt Table 9). A& 53719 A
2| ZA} At sy A v abget A9, it 7]
10%XT} 2k 5.53%2 A=) wiizel] 4] Zap) =g
Ao & epgsial st vt 37| Ee iste] AiH]|a

General Weight Specific Evaluation Indicators Weight
Adequate accommodation of evacuees 0.17
Scale accommodation 0.19
Height of shelter building 0.83
Ease of access from evacuation route 0.18
Geographical conditions 0.73 Distance of shelter from stream/river 0.63
Time taken to evacuate to shelter 0.19
Public building 0.75
Type 0.08
Private institutions 0.25
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Table 10. Optimal Shelter Selection according to the Scenario A

Alternatives
Administrative region Evaluation Priority
Name Type
CGl1 Welfare center 0.58 2
CG2 Church 0.41 3
Chilgeum dong CG3 Welfare center 0.13 5
CG4 School 0.78 1
CG5 School 0.41 3
BB1 School 0.19 3
Bongbang dong BB2 School 0.96 1
BB3 Church 0.57 2
MHI1 Sanatorium 0.21 2
Munhwa dong
MH2 School 0.79 1
Table 11. Optimal Shelter Selection according to the Scenario B
Alternatives
Administrative region Evaluation Priority
Name Type
YSul Church 0.11 5
YSu2 Church 0.34 3
Yeonsu dong YSu3 School 0.60 2
YSu4 Church 0.77 1
YSuS Welfare center 0.27 4
GY1 School 0.68 1
GY2 School 0.26 3
Gyohyeon dong
GY3 Gym 0.17 4
GY4 School 0.31 2
Anrim dong Al School 0.98 1
YSal School 0.22 2
Yongsan dong
YSa2 School 0.82 1
MHI Church 0.32 2
Munhwa dong
MH2 School 0.68 1
Hoam dong HA Gym 0.85 1
Danwol dong DW Gym 0.81 1

£ 33 7RIS RS A <RIz vigk HrksEo)
0.730.2 71 & 7127t AR =S AlFE7EA| 3 ot
A vnE B3 7ISRIE AP A} “qmre] ARSI RS
oM “thT]ie] AE EoI7} 0.830 2 7 E9kow, “YR|=
7] AR RSN E “Uig|Ado] sk 2RE] e A=l
7} 0.6302 71 =9kt mix|uko 2 “xgapdre] AEErIR
T “FFAPE) 0752 7P A AR EICE olet Adbe
sk 2R ElQ] APl Wi, ARALE W= 159 AR

714 HA9) dimlaehs S veRdck
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ARIL. Adll ofd e il 4] T BRI Ade S
2 OREES AsIItE AR E diEa gk FeE 5,
s IR Asislon, e A thala A% dAjl
29kt tia] it gl7] wiiel 7k E3kso 2 tiala 20E
AL Tk a7t of= A= Azt EotA 3lom,
EAPIE, 18], 3kl 5o APdEe] AR AAE tiekE
theix] 2 AP vlolelE el EEst F, AFgd
e R =R s R S v = L
o= 7k T Uijks ] S ST Table 10).



ANFE]2. Be] A9 o]t SR EO R FHR BAAE,
sk, A% 1518 FA0 R kse s A5F S,
SRS M, SAE HIFFE 7 ), b 59 Tl
7} 1704 ol viokEe] AAHITk B WEow 7t B
ToIEe] TEE4E APsIe] S90S AT Table 11). ATt

© Af) A% Hse] AAIaE BExEot, PR
A1zt $aFEe izt Uehkdth Altele Be)
B A4HE RG], WS SUCARIIES L, &
AT ST, BB HAPEFSmE AP A
38 6702 Hajep: 5
A AR Ha dilase 58919 B tislie] B AR 20
Hlaells o the thuls ojekset He) 208 2% AS
ofrfspel, AgE H vilise A FEE ) 8 e
ey oAAe] Wad Zlow Alme
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n

EE

£ oparls @ nhiaALe Tefsk ke kA
Aol Sl g ROl ool gk AR 2 H
)8 AT BEE AP g Adhds Adele
AP S ko 2 500 Wltee] Aup AlRleS et
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