The Formation and Dam Breach Analysis of Landslide Dam
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Lake in Atsuma Town in Japan
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ABSTRACT Many studies showed about 50% landslide dams will breach within 10 days,
whether they were induced by earthquake or rainfall. Therefore, how to assess the disaster impact af-
ter a landslide dam breach is an important issue in the disaster response works. This study used free
two-dimensional flood routing model of HEC-RAS model to establish a standard operating procedure
for rapid assessing the impact on the downstream protecting targets after a landslide dam breach. The
landslide dam caused by Hokkaido earthquake in Atsuma Town in Japan on 6th September 2018 is a
case study in this research. A numerical model is selected to simulate the process of dam breach and
analysis the characteristics of flooding wave, including the peak discharge, flooding arrival time, and
inundation area. The results presented the simulation of different landslide dam height and breach
duration to recognize disaster risks. Base on the results, the local government cannot only delimit the
inundated area and protect targets but also decide emergency evacuation plan and set early-warning
criterion.

Key Words : landslide dam breach, flood routing, impact areas, Hokkaido earthquake

(1) fTEbe stz B E/K L R R i Fe g e Nl

Research and Technology Development Team, Soil & Water Conservation Bureau, Council of Agriculture, Executive Yuan,

Nantou 540, Taiwan

(2) WEE NSRRI TR B R SR BRI T Ul

Agricultural Policy Research Center Research Assistant, Agricultural Technology Research Institute, Hsinchu 300, Tai-

wan.

* Corresponding Author. E-mail: owen951753@mail.swcb.gov.tw



[l

—‘ﬁﬁ

ST AR S AR BB RIR T S S S AT (Shieh et al., 2009; Shieh et al., 2010) »
Hrb G A ST TR A R R - AL ST REIEY] » 28 R e R R -
2018 AEAEINY) |40 R 2 JOCHIBRITRL IR - 2 (AT A K S A R s
% BRERYT 2 BN 2004 4F FIAEREIG RS - 2011 47 O HEHREE ST » SmAII I L —
BT R R R T AR - I TA R S EASKHS » FARBORFIL IS S S S b R A S B SS 25
bR MBI  AEE TR TIAR SOP - A BINHIE I HRITR AR ¥ 3 L MU R -+ B AR RIS Al
S > 401 1999 AR U AR IR SUABULG LSS ; 2000 BRI BIRGE, » MRk BT TS EIERE
) (BRELEE > 2010 3 BRIBESEZFCR T » 2000) -

% Schuster & Costa (1986) HIExT s e HUBE SRR HEAS [ BUHEIEH » 475 SO%HATRCH 10 Yl »
477 80% MBS FBRISRIAE LA IR ALY 85%IA—AE P - i 15%2< (I LA FERET A —4F - Costa,
J.E., and Schuster, R. L. (1988) RIS > S AIEHIEENI) by A TEAERD » 55 | 20 By iRIE S8 » (LR St
1| B R RIS TR R © 55 1) B AR R PR 5 IV B A T R R
ST 5V AR RIS BORIRGE AT 5 VI BB R AR TS > B A » 40 IR 1 BT -

Flows |
Avalanches -

SR,

Avalanches <.

Failure surface
¥

CZ7R IR EARNEATAN

.Falnl.; S
Avalanches -y
1 RIRESEAY (Costa, J. E., and Schuster, R. L., 1988)

Fig.1 Types of landslide dam (Costa, J. E., and Schuster, R. L., 1988)
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Fig.2 Flow chart of the study process



= BRI

1. deBEtEEHERER

2018 £ 9 [ 6 HiZ = 31 7 Sy L 34 A pa R ARIE 6.7 MR > FEIrRALeR 42.72 1% » BRAK 142.0 & - REJR
JE4T 37km » PG IL-SR A 2 iR - (iR H AR R BEERHE 3 BT - RANEE R A AEFENT 2 7 &) - H
RATAIALIE ~ 5% ~ 5758 ~ eeE=E A By 5 2 6 4 (Yamagishi and Yamazaki, 2018; o+ SEERR & #; - 2018) »
WEEEAUEEME 2 RS LA - ARER G4 R 13.4km? - BITR{E 1891 FRACHR LI H A SIS IR B R Y —
THFE - ARHFEIERK 42 \IET ~ 762 N2(5 - HARE K HFHIRER (TEC-FORCE)H A HiE) 3,064 A K7
AR K FHIHE IS IR S % - RBEHEGIREUR - WK ESET R 227 fF - HopEHEATHIEE T 201 f4F -
R 28] 462 B - EIEHE 1500 B - 2 pR R E e A R K s R9% 22 > i T E 3 4A 1R
ZIEW -

Ba. P = A, i

By LI B B 2 ) [ 7 RS
m =g B g - EE 6
\ [l =65
] L i @ ; EE 558
i \ BESH

- a EE4

x H=Es

B, = [ I

% " =E

@ 3 LB ERERE AmE (HASRSEE)

Fig.3 Distribution of seismic intensity in Hokkaido earthquake (Japan Meteorological Agency)
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Fig.6 Maximum record of one-hour rainfall intensity every year in Atsuma Town
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Fig.7 Position of protected targets and the distance from the landslide dam
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Table 1 Parameters of the landslide dam scenarios

NO. i) AT ks mmag  LHELRE

(cms)
Casel 10 1 50m*50m 0.04 40
Case2 20 1 50m*50m 0.04 40
Case3 30 1 50m*50m 0.04 40
Cased 40 1 50m*50m 0.04 40
Case5 50 1 50m*50m 0.04 40
Caseb 50 0.5 50m*50m 0.04 40
Case7 50 3 50m*50m 0.04 40
Case8 50 6 50m*50m 0.04 40
Case9 50 1 25m*25m 0.04 40
Casel0 50 1 100m*100m  0.04 40
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Table 2 The results of scenarios with different landslide dam heights

No. i) et smmvemsem) LR wxmaom) FIEIRIE g g
Casel 10 1 0.5 - 20 60 230
Case2 20 1 2.2 - 97 125 840
Cass3 30 1 4.2 =% 2 313 320 1300
Case4 40 1 4.7 =% 2 734 495 1500
Case5 50 1 55 =% 3 1271 608 1540
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Table 3 The protected targets hazard of scenarios with different landslide dam height

w1 B 2 5% 3
No. B kmimk mpomm PREE opmk mpvos TEEE opmx mwons
o @ s J e ey i m) (i
Casel 52 0.5 11 - - - -
Case2 24 2.8 35 - - - -
Case3 22 49 6.1 40 15 8.6 -
Cased 21 1.7 8.6 34 3.6 13.8 -
Caseb 20 11.9 11.2 31 5.6 16.2 57 0.89 0.17
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Table 4 The protected targets hazard of scenarios with different breach formation time

% 1 %% 2 %% 3
K ot e e HOKE et e SEKE et epnees

No. R kmmok mpomg PUEVE sommx movos PEEPE ommoc mewu sekmm

o Em@ ey A m e D )
Caseb 20 11.9 11.2 31 5.6 16.2 57 0.89 0.17 5.7
Case6 11 15.2 13.9 19 6.8 18.6 39 0.92 0.17 59
Case7 47 7.8 74 69 3.8 12.2 121 0.87 0.16 5.4
Case8 80 6 5.4 116 29 9.8 206 0.86 0.16 51
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Fig.14 (a) Distribution of maximum velocity for case6 (b) Distribution of maximum velocity for case8

Ve P SR 22 RS | BT K S TR RS 2 BT B AR - WA BEE/KRE ROt -
AL B AR GUIOK TR T S AR BS » P TRPUR R BUK S B B & Z EhicdE 15 Fror(hI5 TS -
2014) - £ HEC-RAS fHzUE 1 » iE 8 FE— I 2 o KAEaR 2 (E - WRTRE —48f8 Z SR EANIE 16 ££ 50m
ST o IR 30min K 6hr R T BT - EMKRERR H SR | DU E S e i) - &
PRI A A PR BH R Ik » TS AOKEE AR E) [ EMEISIR - BRI R Z S 2 S R R > 55
s EhRERtE D ERER S BRSO P e T LR IR K E E w5
SR EHEERR - WIHTEE RS VRS IR E ) R ER 2T -



13

KR/ G R

20 2.5
TR (m/F)
15 KRG B AR A 201 T R 2 i S/ K R e & (/N 1755 > 2014)
Fig.15 A schematic diagram of the limitations with the flow velocity and depth/ height when people were
evacuating (Ogawa et al., 2014)
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Fig.16 (a) The maximum result of velocity times depth for case6 (b) The maximum result of velocity times

depth for case8
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Table 5 Comparison of scenarios with different computing grid size
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Casel0 100m*100m 05 fi5mg VN
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