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Apply HEC-RAS 2D on Natural Dam Breach Assessment

Chia-Hsing Lin"? , Chen-Yu Wu ', Yuan-Jung Tsai, Chen-Yu Chen®

| Abstract |

This paper applied the HEC-RAS 2D to analyze the natural dam break and resultant floods based
on field investigated geometry data from UAV and pre-event DEM data. On 03 June 2017 a rainfall-
induced landslide occurred in the Xiou-Ban-Tien, Nantou County and formed a landslide dam lake. The
natural dam breach was modeled and analyzed using HEC-RAS 2D to lower the damage of people in
field investigation under potential dam breach condition. The HEC-RAS 2D supply the modules of failure
mechanism and dam breach parameter for unsteady flow routing with dam breach analysis. The simulation
scenario considering different dam breach parameters and failure mechanism. The result indicate that
the landslide dam lake break does not increase the downstream maximum water level significantly.
Dam break has a severe impact on the downstream reach near to it and the water level of flooding wave
gradually decrease at different downstream locations. HEC-RAS 2D model can provide government
officials to mitigation support and response to hazard assessments.
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ITFRZ MR RIRERE  BEEESENE
i BRIAREHOREA » SR AREERISEE
BRKEEEA (Shieh et al., 2009; Shieh et al.,
2010) c IRIBIRIGASTLREFEXGHELSGE
£ 2009 8 A » HhiseBsRSEHH - HFHE
B 16 BARIABIEZH (Chen et al., 2010) ° ]
ItReREHATEN RBEETWKE @ Rl
SRV R FRIE IR KRB EAR » &R
400 2% AFET (Shieh et al., 2009; Shieh et al.,
2010; Chen et al.,, 2011; Lin et al,, 2011; Tsai et
al, 2011; Kuo et al., 2013)

RARBIIEENIZEIBRRNEMECE
EMEL  BERBIBEERSTESL K
KA WXE EBFERERERNCEEMS
K EGIBZER « IR XRBEBBHE
EWRERR RUETES TAMIE
W AR IR PR ZE A BB ZE8 (Capart et al,. 2010;
Chen, 1999; Chen et al., 2018; Kuo et al., 2011;
Dong et al., 2014) o RIRIGRATEAR - BE
KERRD A3t JBHR 2 (overtopping) * RE AT
JEIFIE (piping) * /BRI FIBIEHEIE (sliding)
Fh =@ EA A FE (Costa and Schuster,
1988; Hanson et al., 2005; Wu et al., 2011; Xu
and Zhang, 2009) ° EVERBAER » AKX
ETWHEBERIORETIE RO EEA
KRB~ HABE  REFERFBE
BHBRERE TR EEREDVECRS

MFERRBRZBARAKENEE - ik E
FHXEBFERHAE - RARFIERNEEZ
FERBREERERZKELNERNES
ZHAERE - AMFERARBEASE B
S (Failure mechanism) KB FUHIE R 2
R —EFEFE AR ° Singh and Scarlatos
(1988) 15 it RIFHVEBEEBUAN B &
A28 FREHFEKEBEREMYESH
IS - BREAERXIMENZMEMGIE
RIRRIE » RIBEA 50% R E 10 B A&
AR R 15% RAFHTZ K ISEER 16
(Costa and Schuster, 1988) o JRE R4 KK
BREZHR BEXIMENENEHS
3 At RRAFB KA E - BEHR
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& & RIBT2E (Breach Progression) 2804
EBHFFENERERE  TRHAKESE
IEERE s RRSEBERTERIFEETE
B9 (Brunner, 2014; Singh and Scarlators, 1988;
Wahl, 2004; Zhang et al., 2010) ©

HRRKABUBAEZITE  SEESLE
BERGERERZEE  REHNRBERE
BREMENCIEBIIEELRS  FRER
RS E M RARBERORAE - B
R EE MBS R R BFEFT
HEERLREAH TEREHREE -
It > Z0RT7E S A PR U RO BT B K R
EH LBERE2BRNEE > EEREEEFE
HHTHERE2BRNEE > 2EEEENFR
28 - )l - EEEE T EE HEC-RAS 2D &
EEXHEAIRHEE Bt ETRNEFRE
J8 & (Brunner, 2014; Brunner and CEIWR-HEC,
2016a) * AWFFTF LR EIT BB R X
HHKBEE -

= HREE

2017 FF 0601 XMMEHH  TAKRMA
&5 62 mmihr + H 48 /NIFEERE & 660
mm > AERBRWEANE 765 mm 0 EEFEER
B AN RIEINE DA F B E B
RIS BB A RRIBIEEN - 4L
PR/NERER KR 100 ARE (B 1) - B
W9 ik N EREKER  EEBELA 835.16

1 REABEEE



NE - EKERWBEABEEROLQML 1,537
ARZE345 AR ERARAAHREEAL
7 (& 2)°

HIRMAETEREKEREFER 106 &£
0601 SXMER W KPIRERER (KR
FR 0 2017) » EBFABEETHNR 2020
o PHRISRELN 3 AR HEIRIBZH
JEHFEL 15000 T HAR - TR BFEFR
EAEERETHIBRLNSHEN - B
Balme~8 AR - BEEHEASAR
1728 (Unmanned Aerial Vehicle, UAV) 1HEEIR
BRI ERER  ETERNEZE 30
Bentley Context Capture BRIES/(R BT —#ih
&R YR ArcGIS 2R TR E H
o RM2E - BEAE VAV REB R GHE
THE - FEEEBEES I FEXR 45,000
NAAR BB ABER AT
A% AR RABESE 17T AR -

REZNERETHPLHEEAER
BREKEEANRESOAR  BX 25 AR > 4
BEARKEL 10 AR HEBEHEKE
BAI% 1,600 FAAR  EZBXEEREAR
5,000 ~ 8,000 M FAR i BIMEMEFTEAR
BELAEZENTE  RIESE 17T ARGE
o £ Ac GISETHE - HEKEED
2,382 L AR - HE/KERBN R 6 B
7NANES

2 ARREE (1) SRERRBUEER (£); (2) BKRERTER (F)
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Legend

% Dam Location =9
20 flow areas [0

[ Catchment

= "MEGE

ARXfEH HEC-RAS 2B BIF R M EAT
ERORKER - EBECETLHEER
HEC-RAS IR B B 4T » HI IR ERE R
T HIAER (Boussekine M. and Djemili L., 2016;
Butt et al., 2013; Ehsan et al., 2016; Jung et
al, 2017; Lin et al.,, 2011; Xiong, 2011; Zhang
et al, 2010) °

3.1 IZFISER

HEC-RAS 2D # 2 it 7K (unsteady flow
hydraulic) ¥ & F N2 A BN - HT
EFHTFE N (Navier - Stokers equations) T
K MR mEE RN AIEAE (incompressible
flow) ~ 527K B 7 (hydrostatic pressure) M 15
FEE (uniform density) (Brunner and CEIWR-
HEC, 2016a, 2016b) © £ A< Hff 3¢ {2 3 bRk &
HEC-RAS 5.0.3 » EAJRME A 4 KEHFER
EATBHEE LR KBS ° HEC-RAS 2D &
NEBR T ZHEARZKEASER (Saint
Venant of the Shallow Water Equation) N —#E
TEBUE 2T, (Diffusion Wave Approximation
Equation) LtkMIRE 523X (Brunner and CEIWR-
HEC, 2016b) » fEFAE A DUEES AR KIEE
BEBUR T RENET AR ETE - A5 HEC-

K191908 UONUADI JAISESI(] UBMIEL ) JO [BUINO[



& & & EEKET]  wxEm
F+—%E 28 Vol11,No2 201959 5

RAS 2D = H AR LUR KR AR NETH
B EEENEEFNENT
6(hu)+6(hv)+q=0
oy
Hg H=h+z BKE ' hBKE z
BERSIE W t BRERE  uRvaRRxRY
TRZRRDE  9/RIE (source / sink

flux term) °

oH
—+
ot

ox

6—u+u%+va—u—— A &+@ —cau+ fv
a o oy S et 9r)
...................................................................... )
@+u@+v@—— 6—H+ 6_2\; oty cev+ fu
B o Ca NaE ap) f
...................................................................... 3)
HAp E RENINRE » Vi RRREHBE
B & RIEREERARE [ ARKO28 -

EBEHFBAERAEERIRINRE LFHEL
IREIE - MEASRBNEREERKENE
SETIBEE (eddy diffusion) » EEPREEIEIE KR
7318 (Brunner and CEIWR-HEC, 2016b) ©

ERRESRIERS  BXAEEER
TE A — B EE B (gradient diffusion process)
MERE > MEkRZET  EA#FEECE
RZ2EYL M T RMEEF A E (eddy viscosity
coefficient, v, ) FT7R :

Hi D EREEEN (Mixing coefficient)
R — AR E B B HEC-RAS £ ili
BARNESERE D  HEERBERERNEER
HEEMEAR BEESERE DK 1
e REETRE  HADIAS2EARERS
=

n\g
AL —— )

X n REEMBEE > RRKND¥E
'/féTé TV = \’uz +v2 ﬁl\;ﬂtbﬁ °

B Y BEEUL (discretize) BENEIETTE
N EHERESETRHEIREESL B4

HERBAIRERRRED LARERNE
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A7 (hybrid approximation) #E1TBERUL
TESUEHIE L HEC-RAS A T & ML =5
7, (Linearized scheme) @ ELZEfHIEA —
E ENEEAEAE  RIRKIRFTREN 6
MEFARRE Bo=1ERREESD  BIRFHE
IEA—EREE - & 0=0.5{FF Crank-Nicolson
EE  AIREEAZREBE (Brunner and
CEIWR-HEC, 2016b) » EA&4ANT ¢

0 =1, Backward difference

a1
(AX)Z (2-40)

Heh > At Rt ERERE » Ax RstER
KEE 0 BERNEERF (mplicit weight
factor) » BNTERR 0=1" BEHEEZD KX
LEARERNFEFANBEREFSR
Brunner and CEIWR-HEC (2016b) ©

, 0=1/2, Crank-Nicolson (7)

£ 1 ;RS2 (Brunner and CEIWR-HEC, 2016b)

D Mixing Intensity Ge(;r:z’;nc/eand
0.11~0.26 Little mixing Smooth surface
0.30 ~ 0.77 | Moderate mixing | Moderate surface

2.0~5.0 Strong mixing Rough surface

3.2 HEEHETE

EEERXNSECEAEN  BEH
BEIKBBBEIMPEEN  KFREHS
RIHZAIA 2011 EBEREKERE (Digital
Elevation Model) =2 1 m * 1 m {EERMFE
B ERBECHARERTY HEARAE
1728 (Unmanned Aerial Vehicle, UAV) ZEHI
Z 0.2 m* 0.2 m#fZER o RIFFT=#EH
EREESEDHRIZE A (2018) » DL UAV 31
EBERSEMEEER BEsESEHFNRER
BMZERAE LR EERER (Image-Based
Modeling) AT\ * K| Bentley Context Capture
FRIBEESMRITEZEZRER - BREF LR
EHFRER (Digital Surface Model, DSM) B
S HEBEI DEM 1) » B a 155 ee v %%
AIZEHE -



TEETRABREE TSR - £/ Emini
and Casagli (2003) FTiR2H o EEITHE
(PR SHZANSHRERSFACRE
B mNEKRESFEN - BLUEERRHE
BEIFEREERFRRMER - MEFEH
ArcGIS ZEREIDHTIhEE  ERAMAKRESIIBER
BRSRHEEMAER - BLUBIEERTLTH
ERRANBHER CRMHET > BHMAE
AR BEEETHEREEM T EE -
AN ArcGIS ¥ ERISET DEM B2 UAV EER>
E(EMFRER (DSM) ERETEEZ DN » LU
WM SEERNETES AR
B AR A — A EE (8 3) -
BIEELL ArcGIS =D TR BUESEMAFE
M ER > WEKGESRE—EXEE—
ZKEEMA  HERWE 4 TR - &%
# A8 DEM BA . BEREHE A

3 Bt B EIEAYE
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M ERL  WHSFCARIREIR S DM R - 2
BEEPREMFHILER -

3.3 IREHRMGERE

AR EHEEEBS/NFREM LER
ETNEEERFITE  BIERBWEE/NFER
B LDBRZETRA 3.5 AR (218 2 B ) e

LA HEC-RAS 2D fF /& )8 IR 12 #E 5 » B
BIEHEENEEREE 2EZER X Failue
mode) #ii IBI N EENIE s MAEEHS
grE ARE]TEOEMRAE (Breach
Weir Coefficient * Cow ) R BB IE RS (Breach
Formation Time » Ty ) S AR E - BIME
HEC-RAS 2D BRI\ » RIS BUEERANE 5 AT
T~ BEBERE (h) HBEEEEE (B) -
BEEZEEE (W) L=IE2HERTE -

Y
¢ Bt A
\ hy h
k— W, |

5 HEC-RAS 2D &0 ZIBEER A2 8

AKHF 52 2% Wah! (1998) K Brunner and
CEIWR-HEC (2016b) Wf3EI8 H » JEHBIEFFN
0.1 & 4 /N 0 TAE Wahl (1998) AT
MET 108 ERBIFBBLEFNNRECT & 1
INFFZ B o BBE 0 ARNBEERERE B
B RFTE K HEERBK » RIEARE
HPNBFILRREL BT 0.1 E 1 /)0\F5E
B2 B o & D ERAZE R 2% Brunner
(2014) K Brunner and CEIWR-HEC (2016a) ¥
HELH ERREBCEHBEET 1.1 2.8 20
HIE AP REEREZERE LA BRERE
JNME 1.1 RREE 1.5 NEKE 1.8 =F ©

A EEBARBEBSHRE  BHAR
RZBHN TRERCTE -DEFRAH
AIREZEFZHEE 3 BEERRE (G
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= 1115 1.8) 3% & I & (Tr = 10,
30, 60 min) ~ 2 FEBEE T (Failure Mode =
Overtopping, Piping) * 5t 18 AR EIE - H
SERTEWME 2 AT~ - BRTHREHEER
AR WRE T B LERAG R
BRAFMERAEEC MARER -

EREEBEES RYRABRAEL
Tt ERS  HEBE2H T HARE
BRI (B2Es HEEE - BE
BE) cRE - BREZAT2E  AZLUAS
Al DEM Al UAV FrERZIZERH ArcGIS
FE o HFEENATAR  BE2BXKRBIE
EHEEFMESR  TEENFERES K
B WP TaREs SRS FREHERE
ERE(BEEE)NAEOAR  BEARAR
BHEEERGE  FEEIREMAAE
A HEEETEEE (HE) AR 22~25
NR - BEBRERFATIREH S AEAR

BIEREAR 3B AR -

BIMERXEHEFERFTELBFEARER
EEMEKSEREREFRMER - RIBEPRRE
2BBEMEW (C0I090) 8k » BMRBERW
E#20184F 6 3 1HE L 10 &% 2018 F
68 4 B 8 Bk 765 mm @ HAIEKER®A
ER 62 mmhr (B 6) e AMFRAME=AIE
MEZBARN  ETHELSENEGCRE
fE4R (B 7) -

RE ELTBEERGHY  REKEE
KEpieE LEREFEAEKESE -
TEE A B4R (Elevation-Volume Curve) © 1 |~
BEHOE > AR TR ERARE R
F LRI 2011 48 1 KARAT L DEM i E 5K
EHOSERE  WR_#HRBEER (2D
flow area) HOATELEFEKE °

= 2 EERIR AR
Model parameter Water supply discharge
Case Number ; . 7 ] Dam Failure mode
b (m) ) 7 (mim) Qp (m'le)

Run 1 7 1.1 10 T4 Overtopping failure
Run 2 7 1.5 10 74 Overtopping failure
Run 3 7 1.8 10 74 Overtopping failure
Run 4 T 1.1 10 74 Pipping failure
Run 5 7 1.5 10 74 Pipping failure
Run 6 7 1.8 10 74 Pipping failure
Run 7 7 1.1 30 74 Overtopping failure
Run 8 7 1.5 30 74 Overtopping failure
Run 9 7 1.8 30 74 Overtopping failure
Run 10 T 1.1 30 74 Pipping failure
Run 11 7 1.5 30 74 Pipping failure
Run 12 7 1.8 30 74 Pipping failure
Run 13 7 1.1 60 T4 Overtopping failure
Run 14 7 1.5 60 74 Overtopping failure
Run 15 7 1.8 60 74 Overtopping failure
Run 16 7 1.1 60 74 Pipping failure
Run 17 7 1.5 60 74 Pipping failure
Run 18 7 1.8 60 74 Pipping failure
Run 19 7 None None 74 None failure
Run 20 None None None 74 None dam
Note hy : Dam height Rate; Cy, : Breach weir coefficient; T} : Breach formation time; 0, : Peak water discharge
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3.4 EFEIMBE 4R IZETE

BERBEARNSHEERREUERER
FTEREEAN A ERBERREERER
(Dimensionless Blockage Index, DBI) @ HE 2 F

Ermini and Casagli (2003) FTI2HZI T~ (1) ¢

-~ RS

4.1 RIMBBEES

AWTZER AR AT DEM K B IR & 5B
DSM LB » B/ ArcGIS sHERAE LI
SKERERBEoHMER - LS KERE
Kh 4TS NE Has T ARK  HiEhE
KEFEX A 4,800 ~ 9,300 T HAR  TE
BELTHEREEY%  AURERSESZ 1TA
RIS #E(HEZKEBE A Z 35,000 ~ 44,000
SRR ARBIDTLUBESER 7 AR
MEITEHE - HOM 2 DBl $E1E(H A& 3695 &
Bifms 17T ARF  HOWz DBl HBIE2EA
359 kMEBEBZITEREBNABEMRRE
BN IESE R FADEIHERRIE -

4.2 BB A

AMEEBEEMES - DITHEIRIKOK
FRENETEFRE  StEEENUEZKE
BERBPRREBTERNBSEMHRE -
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Hep 4 RABLEBEEXEMEE
(k) » hy BRARE TS (M) Vy BRARIGE
B M) kHEEFERLIEEHE 8 DBl
<2 75 R ARETE - & DBl > 3.08 IFEH
BAEREE & DBl MR 2.75 & 3.08 2@
ABNMEENEAESRHE - BItIEREE
TFTRETEBEERAG DHREKEEE  HE
EREMEERERL=EENBIAE -

FAIRSAT 2 M CEREL A DEM F DSM #h
FER  ZRENSIHERNETERNERE
MEERRE LB RERE  EFRERNE
BRETE LRGN - LITEERE D
B AR R SRR B R ER A
=B EEERETEE HERMNE 8 &
FKIFR o

8 (1) BIERAE DBRIKALRERF
BEEHR  HBR7TES Rn ) RE
# (Run 19) REERAE (Run 20) Hif =FEiE
BIEE - EEP  NFEREENEREES
B HKAIEB bEZELN 10 ARER » LIER
RGP HBEE KM AREK =FEPR &
BIEE Run 19)» KA R 576 AR
LT MELBERBIE Run 1) HEAK
MR 5766 AR CBREZEHRSIEMRER
BB Z R A RFA R 566 AR
EERAFE (Run 20) B A H KA A
564 AR EFZE 568 AR » 2 BEH NEE

SI(] UBMIB], 9U1 JO [RUINOL

A I0ISE!

£191008 UOLIUL,



& & & EEKET]  wxEm
F+—%E 28 Vol11,No2 201959 5

KNI 564 RREA ° BIMELLEIEBRIER
BN BBRERENHIEHH 2.20 % -
TERRINBUTZ 2 RIETRELLAI R 2.22 1% ©

EERMEERERET  RAHRITH
BRBRERECREERREHT @/
RrABBEZE MBS M ER - BREE
B ERESEIINA - mEKAARETE
EhFREENERKEAERS

8 (2) RIERNB T IAIKA KM EF
BEEHER  HBR7ES Rin ) RE
1 (Run 19) MIERRBHIFZ (Run 20) =F&E
BIEE - ERANFE NFEAUKERE L
REHEZEREMATE 1/0F > 7£ 1/
B KNSB LA MEERRLER HE
TBESRIEKAARIERZEFEHIE M 0.6 A
RO BERANFEMAEFIE LN 2 AR -

Mkt=F8H  EEBREZXHG P H
BETNBAIRAKAIL A 567.6 AR 5 TIEER
RIFH A E - HKAIH 564 AR EFZE 565
NR - ZEZXRHTR TRESFREE H
IKALHEREI R 567 AR °

B 8 AR LG > BRNEBESE
BREVERIBR, - BB DFRA L TRAIE
BB KRB - BEERFREE
HARERIZHEEEE LERRNGHT WE
BEERET - BIMEKAEETTHE » AR
BN =EEF U R EE &N F - FHit
G DRI E(eH > ARETER

EER/NREGEITE  EREKAEE
BRIOERERAGHE -

FIMEEOERREES) L LURRK
BWERF 12 L 3IETHE ) HERNE
9 (N RFXAFR - EFEFRALEH » TES
BAR] > B LB RIRAKALE R 576.67 A
R BEFRE%E > BBETHAKAS B
/5 567.6 ' 567.58 % 567.55 + HE#LIBE R
AN MEBBREREAHE  BI2LUFERG 3
HERRBERNER 166 (cms) ©

MEHBERES L LUBRRENE
B 1 7 K13 TR 0 HEAERME 9 (2) &
KA - EEPRALUEY  EEHBLER
VEE BRI EF AL N - HARIBREZ RN
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PAZB 13ERRIEFRERTRK * P 13 78R
RIBTER TR/  BAEHTERA T FEEFREA
RUEM 1 &R RO 7Rz R 13RIE
IE 7KL TS B B ] B VS 388 AT B 38 DN 9 1B e A 128
B NERITER&NE L -

4R EWBERBEGCER  Ho
B ERRZEOEMERE (G ) RIEBI
BT (I ) o 7555 4 ARIZEDIERGERE
R BEBOEMREEIEMN  HEBRRIE
MEDBIEN 0.63% M 1.0% ; ARIEREANE
BIELERERT  BEEBLRIGIN - L&
RRIETED BB 41.66% K 48.95% o
A3k 4 RS EAFER RS EDE I FE
FEROUAN > BEBRRAR  BELR2H
NEBSHNERAREREZERERER
K> MEERESNESEHH > RIEHIE
BOER R E BB IR E IR/ BRI R
FERAER - Wt HEERIEREERED
WEHT  BELERSENEEHEHINE)
RIEREFTERIEEN R E SR MR RTHE
TARE -

EERRNEELERRER - LUEO
ERABEBNED 45 K6 ETHER B
KERANE 10 (1) KX 5 PR - BBEIEOERM
FREVE N - ERNE EF A RIOKRE=
BERBIERAEER » HERKMUIERD 576.7
AR BEEBRER  EKUTHRIEBEEE
A8 MEEBRIERESH - HERR
MEEEMABUR M0 - LIZ=B 6 BERK
BRI 172 (ems) » ME=FERRE TFA
KOz BENREARBAMAR - WERPR =
RNH - HKAENR 5674 AREE -

AHEEBBIRERDIN L HRERR
BIBIENZED 40 10 J 16 =FBETHR - &
HRE 10 (2) RFEK 5 IR - EEPAILIE
o EEBRAER > BEESLERAEM -
HEHRIERETHLR) - IR 16 Kk
N RIS DR RIK AL PR R LLZ
Bl 4 IR > =B 10Kz - RO 16 RIB Lt
KA B B BB B S AL RS DAY B R R AR
BRBRATRRKNEY  ERRAFET
HERIKCAEBEIR Z SRR -

KOREEWMERREN ZER BB



EEMEREEE N HERAREREND A
A0 13.12% % 17.25% 5 BB & & 15 1T i g
e EERAREBRED B R 0.86% K&
22.87% ° 1£3% 5 B AN ARIER A ELE
BREEERTMN  BEFERER  BR
RIETRENEBIEETE 9.8% & 22.9% Z[E
HEARRDTEBRBGEHT » DRUBHT
R2ENEEEHNERRERENES)H
JRUHEEK o

BE  HRARZ2BEB(CERBERH K
BRERENFELH  EHAIT TN RTESY
A SRR ~ TR s REEKEER
R EI MR 2 EBEH cE  Hig
W56 FIAC HEPALEY » BEBIL
PR E A 10948 (Run 1 ~Run 6) » H¥EH
HORTE 2 AR E » MEBBILERA 0.5 /N\EF
(Run 7 ~Run 12) & 1/7BF (Run 13 ~ Run
18) RFIEF  HEHICREBE 1T E 18D
RE - S/MEEOFERRE D TEEE
BICRTE 10 DB EREREAN - EHELD
E65E 7.4 (mfs) Z[E > &S THAERIE
£ 0.5 1V/NERZEEER  AIETHYMRE
BRI TRERE 4.96 & 5.74 (mfs) 2 - 28K
TRFERMBEEADT AR » BEES
BERRRIMRNESARITRARREY 6.1 A
R MEMHESIMECRFRRAEY
12AR  ARDH 18 BREELERT » LUS
BITRF 10 DEEEIEZRGIA (Run 1~Run 6) »
ET™BEAOFHRRNESY 6.5 ARLE
BAEEN N EERARIRESR  BINA
SELARMIEREETHE - A E
RAZBAMRIRR - BIE® TR H O EE
M AR FEEAOFEKENR 2.1 & 234
REA > HEKERKABERERERS
BT - BB A 0.5 /N 1 /N2 A
A EHOFHRERAKNR 5.7 (m)s) » E

RBBER I MBI RRBFRE - RILREE
IR - FOAETEIR 5B R 8 LI A
B WARBEIORES  FHRTEHO

AEME - JyB A REERCHRIBRRE -

4.3 RIREURE R HUKIFIH REME

i IBRRIE E A LA R B 2 B @
BEER - (D EBETBEEERARRFA
(2) [FREMZFE R L IREEEETE 3) ER
REMEREEEKEE  BOFE 4 EF
KB H S PR (EEE R IBE 8 NI EEf)
FEM - RAEHIFEEE R A (Hanson et
al. 2005; Wu et al,, 2011) o TI{EE BHEE
ZERRETBERBROZEERMANTDERG
WE2RBRE TR M - EHBAILEEREKR
B MATHBERZEEEEM (backward
erosion) BEZMA T E  FELABIED
REMBXREAEE LI - TRIE LA
FNEOMRE - & EHFRELRHSE
EWESEEARGENIETE  ZWHE
EMBREETT T RIXAIAHRESFIER (Wu et al,
2011) °

TR A L 5% T UEEIAE © T2
RNFIRER > DR]E N E BRI
DT EREER L - TESKERR
EAHER - BE DRRFERKE  REZ
HEERRABRGER R ERRER
RRRRS - PORTERIRR - BKUSREES
ER > BIKRFABRNIBERE MR
HIB SR IE M EMEE 5% 2 R Ik °
REBRER > HEBRERENTBEEEE
JERFIZANMARIBL © AR 4 SR b 2 ARER -
AR EER R RIEREBEZ THL
FIBRR  EMEECREREHREZE
B BEBRECREREBEGERANGEIR

* 3 TRERREIBH AR

Scenario Dam Breach (Run 1) Without Dam Breach (Run 19) Without Dam (Run 20)
’ Water level Peak Flow Water level Peak Flow Water level Peak Flow
Location
(m) (cms) (m) (cms) (m) (cms)
U"St;zfnm of 576.67 164.45 576.67 74.49 567.91 74.02
Downstream 567.6 566.99 565.09
of dam
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Overtopping Dam Breach

Weir coefficient

Scenario
Run 1, Cp,, = 1.1 Run 2, Gy, = 1.5 Run 3, Cp,p = 1.8
) Water level Peak Flow Water level Peak Flow Water level Peak Flow
Location
(m) (cms) (m) (cms) (m) (cms)
vestream of | 576,67 164.45 576.67 165.49 576.67 166.1
Downstream
of dam 567.6 567.58 567.55
Overtopping Dam Breach Weir coefficient
Scenario
Run 1, T/ =10 (min) Run 7, Tf =30 (min) Run 13, 7}» = 60 (min)
) Water level Peak Flow Water level Peak Flow Water level Peak Flow
Location
(m) (cms) (m) (cms) (m) (cms)
vestream of | 576,67 164.45 576.67 95.94 576.67 83.95
Downstream
of dam 567.6 567.36 567.29
x5 EENITERRSEEBRE A HR
Piping Dam Breach Weir coefficient
Scenario
Run 4, Gy, = 1.1 Run 5, Cp,, = 1.5 Run 6, Cp,, = 1.8
. Water level Peak Flow Water level Peak Flow Water level Peak Flow
Location
(m) (cms) (m) (cms) (m) (cms)
vpstream ot 576,67 146.76 576.67 166.01 576.67 172.08
Downstream
of dam 567.42 567.48 567.49
Piping Dam Breach Failure formation time
Scenario
Run 4, Tf =10 (min) Run 10, Z‘/x = 30 (min) Run 16, Tj =60 (min)
) Water level Peak Flow Water level Peak Flow Water level Peak Flow
Location
(m) (cms) (m) (cms) (m) (cms)
vpstream of | 576,67 146.76 576.67 132.28 576.67 113.19
Downstream 567.42 567.03 567.21
of dam
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Case No . (T =10 min) Run 1 Run 2 Run 3 Run 4 Rn 5 Run 6
Water depth (m) 2.124 2.239 2.286 2.166 2.249 2.325
Averaged velocity (m/s) 6.588 7.099 7.186 6.705 147 7.359
Discharge of outlet (m’/s) 154.0 173.7 180.6 159.2 175.0 187.8
Case No. (Tf =30 min) Run 7 Run 8 Run 9 Run 10 Run 11 Run 12
water depth (m) 1.801 1.791 1.806 1.862 1.828 1.806
Averaged velocity (m/s) 5.438 5.384 5.381 5.550 5.448 5.494
Discharge of outlet (m’/s) 98.5 98.8 98.0 101.8 101.8 102.9
Case No. (Tt =60 min) Run 13 Run 14 Run 15 Run 16 Run 17 Run 18 Run 19 Run 20
water depth (m) 1.699 1.730 1.740 1.867 1.848 1.856 1.658 1.644
Averaged velocity (m/s) 4.967 4.993 4.918 5.702 5.741 5.635 4.559 4.589
Discharge of outlet (m’/s) | 83.8 84.6 87.5 107.8 107.8 107.8 74.0 74.0
L ¥
560 I s . 1 | - - 0 363 f—L——— - T 0

8 IKfU—REBFEHRE (Run 1, Run 19, Run 20) * (1) {FE8_EIHRIERTE (£ ) (2) {RRE TAHBIERE (&)
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