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Abstract

The Preparatory Study of Prevention Strategy for

Large-scale Sediment Disaster

Abstract

The duration of this project is three years (2016-2018), and this report showed the
research results of the third year. In the past three years, we worked together with the
Research and Technology Development Team of SWCB and has published 27 research

paper, which included 2 journal paper and 25 conference paper.

The main achievements of the project in this year are composed of four parts: (1)
propose the plan and recommendations for research and technology development of
soil and water conservation, (2) inventory the results of SWCB annual projects, (3) test
and analysis of sediment-related disaster numerical model, (4) integrate the future
development issues for sediment-related disaster prevention and mitigation strategy.

The result of four major terms are described as follows:

The planning and recommendations of research and technology development directions
for SWCB in the future. The goal is to provide a suggestion for better prospective policy
to managing high uncertainty and risk of large-scale sediment-related disasters under
climate change. The workshop of soil and water conservation planning and
development strategy is used to analyze the challenges and difficulties in research and
technology development. The workshop proposes overall strategies for short-term,
mid-term and long-term soil and water conservation affairs of different divisions.
Furthermore, through the sediment forum and with the combination of industry-
government-academic-institute of expert’s discussions, which proposes future

sediment-related disaster management strategies and aims to be the foundation of
I
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forward-looking policy.

The inventory of project report of sediment-related disaster strategies and technologies,
which collect and check 1545 reports from 2008 to 2017. The stocktaking project report
focuses on the results and its data format, which is aim to establish core data of soil and
water conservation bureau with standard data format and regulations. Furthermore, base
on the data collection and sharing, the data value-added application, and feasibility of
the continuous develop technology, which provide supporting suggestions as follows:
(1) convene regularly workshop of core data for research and development; (2) establish
core research data management platform of SWCB; (3) planning the tender document
of project expected result checklist; (4) regular review and assessment the feasibility of

project result.

The numerical simulation and analysis of sediment-related disasters are performed with
three kinds of model. Three different numerical model include: “IRIS, HEC-RAS 2D,
and Rainfall-based warning model” are served as different sediment-related disaster
cases to evaluate the model’s applicability and limitations. In the case study of Rainfall-
based warning, model use QPESUM rainfall data, landslide variation ratio from the
satellite image, and disaster records together for predicting landslides. The study
proposes an evaluation index for rainfall-induced disaster hot zone and set up critical
rainfall warning mechanism under the cell size of QPESUM. In the study case of
landslide-dammed lake breach simulation by using HEC-RAS 2D to estimate the
flooding area and impacts on downstream reach during emergency response action plan
is the most priority topics for government officials. In the study case of the IRIS model
to simulate landslide occurrence time and failure slip surface. The numerical model of

IRIS, which contains rainfall-infiltration, slope stability analysis, and critical slip



Abstract

surface dynamic modules.

The future developing issue for slope disaster prevention and mitigation strategies,
through sediment forum and expert’s meeting to gathering ideas and conduct the
conclusions. The combination of sediment forum and expert meeting on comprehensive
slope land management and disaster prevention measures has conducted three major
strategies as follows: (1) sediment budget and management in watershed; (2) intelligent
slope land monitor and inspection work and data management platform; (3) strengthen
soil and water conservation adoption strategy under climate change. In addition, in
order to promote future issues of sediment-related disaster to formulate a
comprehensive management strategy, we propose supporting suggestion as follows: (1)
intelligent watershed sediment budget and runoff distribution and control management;
(2) promote the organizational culture and assist connection of each division in SWCB
to identify large-scale disaster prevention and mitigation frameworks; (3) apply
advanced technology and techniques in to promote efficiency and accuracy of disaster

monitor and establish an integrated slope disaster early warning system.

Keyword: Plans and recommendations for research and technology development
of soil and water conservation, inventory the result of SWCB annual projects, test
and analysis of sediment-related disaster numerical model, future development of

slope disaster prevention and mitigation strategies.
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QPE %% | 2011 & | 2012 & | 2013 & | 2014 & | 2015 & | 2016 & | Nn Aa
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4 eni % (Linetal., 2011; Jung et al., 2017; Xiong, 2011; Zhang et al.,
2010)

HEC-RAS #i3¢ wﬁd BF AN R BN R AR
fE 4 = ;% (resistance equation) - fie & % & ¥ 42 ;% (Standard Step
method) i& {7 $f% o & p » £ #7%< A ¢ HEC-RAS5.0.3 > H ¥ 10 ¢ *
Z kIS RN TS KRR o

HEC-RAS 2D % & 7’k 72 (unsteady flow hydrodynamics) #+#1] -
A2 3¢ {%ﬁr} i m-grde 5212 4258 (Na-vier-Stokers equations)
kooox KM S 3 F R (incompressible flow) ~ # -k & 4
(hydrostatic pressure) % 32 3 % & (uniform density) (Brunner and
CEIWR-HEC, 2016a,2016b) - HEC-RAS2D #i-;V . ¢ 77 - aF s
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fk > 425¢ (Diffusion Wave Approximation Equation) ¢t = &= 423¢
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+

= X
. o 5y +q=0 3 (4.6)
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%‘
(‘r*}
N)
B
-]
&
W
Ei

FAF R4 Bl B A BR Y 5 4166% £ 48.95% -

d % 4-10 R T3 PR G lRE B UFRR L ET o

=

s

FHF AR URF SO AN ERE TR
&

Fh Ao @ IR Gl ®HE 2 6 o MApHE S AR RE

SR R A IR Al o

580 — — 250
Runl HW C,~1.1 Runl Flow Cy, 1.1 A—A—A Runl TW Gy =1.1
] — — —— Rum2 HW C~1.5 — — — — Run2 Flow C,,~1.5 @ -@— @ Run2 TW C_~1.5 =
e Run3 HW C, ~1.8 — - —-—- Run3 Flow C,,~1.8 4—-—-— Run3 TW C,.~1.8
— 200
576 —
E — 150
=
-2 572 — -
<
5
= - 100
— 50
564 T T | T T | T T V| - = T 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017

W 4-13 v i Rk - 2 AR EB) (Runl, Run 2, Run 3)
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580 — — 250
Runl HW T~=0.1 hr Runl Flow T=0.1 hr A—A—A Runl TW T=0.1 hr
| — — —— Run7HWT~0.5hr — — — — Run7 Flow T=0.5hr @ -@— @ Run7 TW T=0.5hr -
—_——— Run13 HW T=1 hr —-—-—- Runl3 Flow Te=1 hr 4—-—--— Runl3 TW T;=1 hr
— 200
576 —
E — 150
=
-2 572 — -
<
5
= - 100
568 —
— 50
564 T T | T T | T T T B T 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017

W 4-14 Fifu prig-k =i £ AR (Run 1, Run7, Run 13)
BOEERBGNE RS BT AU R RO R R B 4

552 6 g H Kol 4-15 2 & 4-10 #77 o MEFF T R

al
F_&

B RS B Bk P S B e @ B o0 1% b

ARppRE T ERPEZABEIR BAZEYNE 5674 2% 24 o
fofE A AR U R o FE R ) 45 100 16

FifF o Hg k4ol 4-16 2 £ 4-10 71 o ARl¢ ¥ g 0o

fn
i

m?3/s)

Discharge (



B g 2 E T AR MRS RIE A 4T

E )10 =02 > K] 16 BB o #toR T E PE R STRE AL PR 4o R
BIERE T OERIT AR R WABFM T FR R AR YR R

g B ] e

580 — — 250
Run4 HW C~1.1 Run4 Flow C,,=1.1 A—A—A Run4d TW C ~1.1
] — — ——RumSHWC =15 — — —— Run5FlowC,;~1.5 @ -@— @Run5TWC, ~1.5 [
Y Run6 W C, =18 — - ——- Run6 Flow C,,~1.8 +—-—-— Run6 TW C,,~1.8
— 200
576 —
| -
E — 150
= b7
S 572 — - £
< <
g £
e — 100 .2
28 - a
568 —
— 50
564 I I I 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017
W 4-15 v i GRasEok - 2 ESR B (Run4, Run 5, Run 6)
580 — — 250
Run4 HW T~0.1 hr Run4 Flow T=0.1 hr  A—A—=A Run4 TW T=0.1 hr
] — — — — Runl0 HW T=0.5 hr — — — — Runl0 Flow T~0.5 hr @ -@— @ Runl0 TW T=0.5hr [-
—_—— Runl6 HW T=1hr —-—-—- Runl6 Flow T=1 hr  4—-—-— Runl6 TW T;=1 hr
— 200
576 —
E — 150
= b7
2572 — - £
< <
g £
2 — 100 .2
28 - a
568 —
— 50
564 T T I T T T T T T T T 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017

B 4-16 Fafue Pt -k -in £ fEAUH (Run 4, Run 10, Run 16)
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d 4-10 ¢ XL F AL TR E OEFF IR B A
Hoprdo s in g A w4 1312% 2 17.25% 5 "5 F 4 u P 3 4c o
Hogpdho wing A wip> 5 9.86% 2 2287%- t2 4-10 4w A 47
IR GRS P RERE SR T o F S 4 B R

B EE R 2 9.8%1 229%2 F > i A drE A EKIEERT

FH HRA R SRS ERORERDEE S 5 0 B

Bordo| Sk d 2z B8 B2% T4 411 977 o d £ 7 70U
A MR EL 01 (Run1~Run6): # TikEh 2
ctod g FHuERE L 05/ (Run7~Runl2) 2 1 (Run

13 ~Run 18) % &|pF » H To KRS A 17 3 18 2 @ o ¥ b A

It
o
b

-
ity

B3

(=i

3R o R F R A0l RS R RS
P65 3 TA(MS) 2B 0 dk FFEPER ) 053 1

2SS PIE TN EFR T 496 1 5.69 (m/s) 2 &

FIIRS

SRR BRI bR RS HRE B B

#6127

=1

é’_ﬁﬁis:’;/g/}ii *i#i7 ,6 4:/r1 1? 1’4#/12 \

i

ERIELE
oA AP I8 B E R T oL P R E Y (Run

1~Run6)» H T 2Fd v T3aiid EF ;65 22 0t o TR EHT
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Fr i 2R T R MR RS A 4

PP S PRI 0 2 T pE A T RETG 0l 0T PR T T sk

R 21~23 0% 24

Nud

A A A RimiE S T R ) o il
WL 05 2 1) prdilY 8 0o T bt 9 5 5.7 (mis)
BAAZER RS Pl B~ FFond o TR A INE BiP i AR

BB PR R P 0 £ A TR R A B T R T e

mT 0 R o e REAE A o
% 4-9 '}ﬁ‘*ﬁ’]?ﬁ% )& 5
FHEEHE | Ei AR (Runl) # 3K % (Runl9) £ 55 ¥ 25(Run20)
b Kz (m) NN S I A (11)) oo gn g |k (m) N T
(cms) (cms) (cms)
WA F 576.67 164.45 576.67 74.49 576.91 74.02
HFWTH | 567.6 566.99 565.09

i 410 FHE S EA RS (1)

Finek | Cpy=1.1(Runl) Cpw=1.5 (Run2) Cpw=1.8 (Run3)

5P ermo(m) |4 % o R ke (m) |4 # AR | ke (m) |4 % s B
(cms) (cms) (cms)

W E 576.67 164.45 576.67 165.49 576.67 166.1

WHT 567.6 567.58 567.55
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3 410 B EEAFEE (Q

by s & T=10 (Runl) T¢=30 (Run7) T;=60 (Run13)

I Kz (m) N ST I o (1) S ogn g |k (m) SN I 4
(cms) (cms) (cms)

HF L E 576.67 164.45 576.67 95.94 576.67 83.95

AT F 567.6 567.36 567.29

¥R AE | =11 (Rund) Cpw=1.5 (Runs) Cpw=1.8 (Run6)

7P ki (m) | x %R R | ki (m) X g 2| ki (m) wOE LR
(cms) (cms) (cms)

e R 576.67 146.76 576.67 166.01 576.67 172.08

W T A5 | 567.42 567.48 567.49

R EEE: S T=10 (Run4) T¢=30 (Run10) T¢=60 (Run16)

7P ki (m) | x %R R | ki (m) X g 2| ki (m) wOE LR
(cms) (cms) (cms)

HFHW s 576.67 164.45 576.67 132.28 576.67 113.19

T | 567.6 567.03 567.21
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SrF

ER/RES =T 0 A ANl i

4 411 THACREELAFLSE

% 7| Runl Run2 Run3 Run4 Runb
kiF (m) 2.12 2.24 2.29 2.17 2.25
T gajnig (m/s) 6.59 7.10 7.19 6.71 7.15
B g (m¥fs) 154 173.7 180.6 159.2 175
%) Run6 Run7 Run8 Run9 Run10
ki® (m) 2.33 1.8 1.79 1.81 1.86
T yainiE (mls) 7.36 5.44 5.39 5.38 5.55
B g (m¥fs) 187.8 98.5 98.8 98 101.8
% Runll |Run12 |Run13 |[Runl4 |Runi5
ki# (m) 1.83 1.81 1.70 1.73 1.74
T mynig (m/s) 5.45 5.5 4.97 4.99 4.92
A R g (mds) 101.8 102.9 83.8 84.6 87.5
=) Run16 Runl17 Run18 Run19 Run20
ki® (m) 1.88 1.85 1.86 1.66 1.64
T 3ainig (mls) 5.7 5.74 5.64 4.56 4.59
Do g (m¥fs) 107.8 107.8 107.8 74 74

(Z)FH

Al R I %

FEAR AL BV A, S B (1) BT R

mREAeRER, 2 vhEAZEHS IHFBEIFTE, Q) e ihEA

(:;:;

BELIEK®EE FrA3,4) 4 5-kwimorsdp PEFHET
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BT 2 i 4 > B ERYEM )4 (Hanson et al. 2005; Wu
etal., 2011) -
Mop AR R T RS L e R S

B RLT PR A o $ F 5 &K? i o ofi 4 P/%E‘}iﬁ I

133
o

RIS 1R KRR TR s SRS AL S-S A
B BB PFEE L) R R AFEMEFT
B2 Rl iR & T* (Wuetal, 2011) -

GAFH I S E TR S A AGRERP BETE P
AEFALR A T oA AFFE AT HEEREIERT AR
MEE P B A RS I BRI E AR 0 2 IR
WETEREE E KB NETER R B KRB R E P TR
Fn s B R R F R PR e B R o T R
BEFRERESGFFHEEH on LR ETTERE g AR 2

N e
s

ine

KRR AR R UFHFUERAE §F AR DE 2 B F R
R

PR R 0 B HE 2 SRR B R g 0 e T AR X

BB R R GRS B ] R L R T
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Fw R 2R T AR BT R R g A 4T

o R AR A RBORPEEAR F o ST R R PR 4 0 B R EE 3R
FA MR, SR e R PR TR S B T

FOEC RSP AL K 2 R EE o kA B0 R L

MEMEF GEER AR I R AF TR RS b
BARRCT ¥ B A 2 WO R 5L od NS 2

AR RHF o R ANPE A kAR L RBRIE NI E
LR F AT A Renp 3 AR AP RN R

SEFEKR 0 E RS AR S A

FA 2 TR RERRAEAEL o & HEC-RAS 2D it ¢ » 4 &

Koo g AR 7&@1’@%&%2.@5;}_2&@ Pkt fie e RN 2 A g

T ok B fRAp g R EEEE S £E 2 P
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]

Rl

AP 2017 £ 60 FA R s KBRS NPH EREME
(o itst o Fhd § SR HE RS UL S A 2
Fsn Gl AR PR R SRR PR o AT R

ﬁ_%’é‘,—l—% ;};-E 4l ] % iﬁ%ﬁ‘%;/\ .

"<

(=% = A 5 F TR FFEp e i S 2

o

Bk R R AR o Al S AR

|T

;‘iﬁ.&: ’ 1:)\'.\[%‘:;— 'lé/n Eﬁ’(u\’_—rﬁ&i&ﬁ‘ < o

(Z)d 2N A 4 i 2RI 71 1 o g S PR 2 T
PRI B R R R AR LRG0 95

220 8 0 95 R AGSE L LR G 2228

(Z)&* HEC-RAS2D #i# > & A+ 5 AL % 6™ » o a ik
FEFE S G o HE A2 BN SE R & 0.6%~1.4%
2B FHUFDOEFE G 0 BE A2 XENE DRE

B 1+ 41.7% ~ 49.0%2 fF -

(e3)f ™" HEC-RAS 2D #ic8 - 2 47 g AU 5 BIT o S Tl
B R Go Hg 2 L E TR PREIER b 13.1% -

17.3%2 B> F3fu e € 2 6 0 Hid &2 X% 08 g
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Fr i 2R T R MR RS A 4

w g R e 9.8% ~ 22.9%2 [’ o

(R)A BRI E oA T2 SR o R G P #
R AR R R R A IR il Bk - H AT
g B ECE TR AR e A R A H R R R S

¥ iF 49.0% -
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Y= AECELEAER rZEEFEE(RIS #HN)

2017 # 6 % 13 P %= & i@ = a L F4EIR AL Rt B2 G E AR S
FEAR»HESE4* & 4§ 5 (Unmanned Aerial Vehicle, UAV) &
RS HS PR UEF RS FH A EA 2 R LA RZF
FREEM - RpLEAATHEe 7 74p8R Y ~ g & 503 (Digital
Surface Model) 2 ®/ 11 # 3% % 3 > £ 1% 7 o pr 20 Bic i 3 A H0 A
(Digital Terrain Model):g {7 o @3- 5 @3k 4 > § o “/f gLzt s A

T B RSN LG R A~ % SR FERIHCY (Integrated Rainfall-
Infiltration Slope Stability Model, IRIS,

https.//tech.swch.gov.tw/Results/ResultsIRIS » -k % f Fiisr= 5 3 & | e

KfcHE 3 dom o - > L)% Richard » 5% S #ose "% &~ BB

>.
o
|k
IS
_-.I N
3
-\-}\r.
14
fiﬂ

vd 4 1

Al
e

7 ERR S I SR ]

BRI g P4 0 2 Janbu 1R R AT AR Bots 0 AL
;‘ﬁ’ﬁ“r} B i 23172 (Dynamic Programming Method, DP) % - f# 57t i #
oo fl* UVARFIRED L > VUG #RETLIpnEndy

T e & IRIS B3V 7 5 s 247 #3h g8 2 B 2 piiF da o

ARy 2017 & 0613 & F 2 orid 2 g FEAR L
4-46


https://tech.swcb.gov.tw/Results/ResultsIRIS

B d 3T AR M RS A 4t

FARMEE M LT S0 R3S EMT2017£6 15p T =3
B %A B S S WE s W EGRARY 10 2 Tiod
BIRROZ A2 > #H%G #£9 1400 T2 o8 (F M #HEE) £
HB0 2% > FH30 R o Ed 3 RYT,200F 3 2% AT
PR S BIRRE Y 2~3 2% > el 417 2 BIAEH

B AR E e Ckikh »2007) - A5 F 2 44 £

3

& E 3k

]

(C1H920)2017 # 6 * 13 p 1 2017 &= 6 * 17 p " & %4> H % f "%
7 & %) 275mm BFF o 4o 4-18 Fror e

A7 A 4% UAV ik % (Phantom 4 Professional )i {7 7.3
NH O HFEFIFBRZCFHF|ESE S A EFRPICB 419 917 o
Pt B Bk RE R AR AT B RE G B e 1 B
F A 2 FE R Ao B 4-20 #7or c A #7 % 2 * Bentley Context Capture
Version 4.0 e 72 dp R 57 = 22 3B > 1A 9= 2 DSM
PR Hetefair Ak b 002me £ o FH AR AR TSR ¢ 0 b

BHENZD S MP LT AL EESE 0 AcB 421 17 0 BN
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W 417 XA 2g 7AW (k2 HFEFLHaEL B - 2017)

50

45 1 6/15 158505 % T4 4
i (R=275mm., I=7.5mm/hr)

351

30 A

25 A

20

15 4

Rainfall intensity (mum/hr)

10 4

5 4

0 il
2017/06/13  2017/06/13  2017/06/14  2017/06/14  2017/06/15 2017/06/15  2017/06/16  2017/06/16  2017/06/17
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

Date (2016)

W 4-18 £ ¥ & £ = 2017/06/13 1 2017/06/16 & & F#L
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L SR R L A AR L i

§ 4-20 3 & 4| 8F X W
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= Rt
IRIS #5823+ g 5 =304 » 5 A * = & Richard’s > 42
RS SR R 0 S AR Bl Reh b EA e R L AR

PUR B Janbu vk e T AR R T Bt B AR B A R

EIR ERIE S 8

(—)ARA 1 IRIS $o78 43

ARG R K ERPHFELFE | 2D A3 B LTEF 2
A 14 IRIS ((Integrated Rainfall-Infiltration Slope Stability Model, IRIS)
BER S 7 A % F 1 I MR B o 2 B AR AT o B -

A ETERES:

\\\?{r

SN

Bk R F FRTHRA AR B R
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PaR
";% ’ .ﬂ

7

AT Bt B R A

B At BETREAR &

SEHPER A EESIREE(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018

Step L2 R T IRYIEERIER

R NERRES = Tl § bk i
HR AR ¢ 7 F AT
TRz LA FTEERETIE
TR B EER  REE R AT %
T AL WA G deT oror o

1-1 AR E L
FELEEES : © aonE O BiezERRm 80
| X e EEHe A 60
» B 11.50621 0 - -
1.242895011 1282451 [0-552572600000045 2 . |1 /_/
2485790022 13.51441 |1.10674510000001 & ——
3728685036 1389301 |1.6601 1760000004 0
4971580044 141331 22134001 20
6214475055 1418031 2.76686260000002 0 20 40 60 Y 100
7457270068 1447051 |3 99023500000000 | V| SSEE —aEE g 1y

1-2 BRTRABRE

1-3 TIRBEKERKSHRTE
n TEBEKARKSHESTR=EREL
n MFYEL - AERE=EL ZSHER
n TEK D514 BRALognormal model

3 Ymaxss || @4 pmEm . [URBRED v
y BEEEE: [BFrsBiTEs 9|
—— 0
Bedrock (Impermeable layer) BLEZERME * & E_EZEREUE 2 ETEZESUE 0
s owos o ... s o e wom || Kelmdd Os bzhu] O ] o) ot
imax= (number of nodes in X-axis) -1 e.g., imax=22 in this case 000122 0.41 0.065 -26.4 10.486
0.00122 041 0.065 1-26 4
imax: 86 jmax: 1 kmaX: 9 : 0.00122 0.41 0.065 -26.4 0.486
=% T—%

ju

W 422 3252 3 HFEEER G KL

4-51
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RIS A S S IREE(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018

Step 2: T E¥NAFLIRK B HE
AR EEBEREY : b

Bk -

Bt

HEBEK - o1 Z mm/hr

BRI #YA7KEE : -0.01m

B 4-23 AR i R o K LW

Step 2: - E#NIAFLBRK ER1E 15
AR ERBERE . )

EEMmREEREY |0 - 8

Time(ley) Reinfllgnmh) Inpui(ndt)  dischasgeuiig) fpmee,, Dl vabr 2

0 0 0 o |eae3mmas0asiare
1 0.1 292461306 6.864986E-06  2.18825E-.. 645 BB549267022
2 o1 2924613806 6844248E-06 | 2.115098... |64535589500455
3 o1 203613806 |68314SIE-06 | 2067204... |644.831624811659
4 o1 292615806 (682100806 2022527, 644 311417551115
5 o1 203461306 |6B14562E-06 | 2005372... |543.704452690992
6 o1 203613806 |6808479E-06 |1982722... |643.280050331612
7 o1 203613806 |680262E-06 |1962049... |642.767764767167
g o1 293613806 |6798977E-06 |1945154... |642.25790535508
9 o1 203613806 |6795164E-06 |1.928816... |641.748636976055
10 o1 203613806 |6791813E-06 |1913613... |641.242112106192
1 01 |203613E-06 |6.788842E-06 |1899302... |640.736045067123
12 01 2034613806 |6.786180E-06 |1885691... |640.232082057767 0 20 40 60 80 100
13 01 2934613606 |6.783715E-06 |1.874105... |639.720124906047
14 :0.1 ::2.934513505 :5.7312145-05 E.assgax... :639.228238041526: +EBAATILRKES TR
15 0.1 2934613E-06 |6.77984E-06  |1857851... (638.727088669046
16 01 2924613806 |6.77650E-06  |1.84968E-.. 638.227195687073
17 o1 293613806 |6.7744256-06 |1.841750... |637.729448393104 HWEER REIHE Eticsv
18 01 292613806 |6.7723656-06 |1.833982... |637.232006713244
19 01 293613806 |6.770302E-06 |1.826268... 6367507736896 |
20 01 2924613506 |6.768498E-06 |1.818609... |626.220089158336
21 los 293613806 6766676808 |1.811056..._|625.744060171925 | ¥

% %

W 4-24 2 R A~ 43t MoK R B

4-52



SRR ABEIREE(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018 — X
Step 3:FERAZ RIBIRIBED T
31 REEREA
i 0““‘“‘“' : 3-2 TIRBIRERE
> 1 5 = TEEMNBERINBERBI—E
5 5 = BREREASBBESH
B 0 y [tf/m3] : C [tf/m2] : Y [deg] : U
: 2 © SERIREET SRER T IR B GER
B (time step) © 60 (eo) © SRR T DA TR
FEAREE
60 4000
50
i
4 L~ i

. e .
" e

1000
10 — -
0 1 0
0 2000 4000 6000
we Rainfall i i o—
® FS<lHIBIE -
= O Fs<1 s L

W 425 %3 >332 FRRTLH e W

SRR A B AFIRER(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018 — X
Step 4:EHABRKERE
BHIZIERE : © a#RE O &
AEEETE : © BERE O Bil
ESBENRFABHE: o2 OF

Time(min) FS Area(m2) Wit(m3m) Rai

- Bl
- 1147
. 1058
- 969
38
- 791
- 7.02
614
. 525
436
- 347

258

169
- 038
. -0.09
. -0.98
- 187
. -276

T=0(min)  Rainfall=0.0(mm/h) FS=0.850095
80

= Slip surface

k=2 REDHS HEER Edicsv

W 4-26 #8528 W
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(Z)fF & -» Z ke
IRIS #-5%4% * = & Richard’s = Az s 3 & ¢ Binem g > #
SoKRB Y TN AR
Cw) 2 = PKWITC + 2} * (49

He CQp) 5 2 k& 2 -k % £ (water capacity) » K(Y) 5 k4 & H &

(hydraulic conductivity) » 2 3 -k i $F b d R4 * Kosugi (1996)4% !

e

er7 LN #-37% (lognormal distribution model) » 7 38 # 3&I3L 14 L5 5 ¥
TAEAT o REEN AT LIS K W<0) 0 F oo R

S, (effective saturation) ~ C(yY) &2 K(Y) ¥ % 77 5 :

6 — 0, In(y /) R
Se( 2. _9) Q<T> & (4.10)

X (4.11)

o 6,—6, l ]2
) p{_[n(zp/w )]}

&~ VIma () 20°

1/2 2
K = K [Q (ln(zpa/wm))] Q(ln(wéwm)M)] & (412)

# ¢ g,m3/m3] i 4 4r-k » 7z £ (saturated soil water content) ~

0,.[m3/m3] i 7 4k~ % £ (residual soil water content) ~ ,,[m] % 2
B IUH L 2 ¢ = #ic(the median soil pore radius) *7 % & 2 & + % 5
(pressure potential) » o & 47 it 4 3£ FE LG5 A F B Rl P F0 S8k

Kim/s] 5 4 fcd 32 k4 @8 o~ Q) AL 5 41 A F ik
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$wd 2R SE AR MRS R A

(residual normal distribution) » ¥ # % 7+ 3
*® 1 u?
Q(x) = \/_exp < )du 7 (4.13)

PAEEGTRAERF W20 R4 K@) =K, 2 Cp)=0-4d
W (A13) 5 B AR AR 0 2 F EEIRTE kT G U F

i+ Ff2(Istok, 1989) -

() e riice
HFifd 3 RUF 2 RfEAER A BEEF KT R KT B B

IR MRE ek £ R S R R S

w

d e b Janbu ke R E o MR WAL ALE S HE -

Brr P REFRA THEE o P R 2 H T X > REE

A2 A
Y. [{c;li cos a; + (W; — uyl; cos ;) tan ¢;}] /m,
s - Y.tana; & (4.14)
T YB
m, = cos? q; (1 + fan aiF‘Scan g0i> * (4.15)
B i Gifdm LDt nmil o 52 ER g s 2P
Bk W, af#ifzLi» e it Y2 ffn b

P (4.14)2 A; 54544 -~ B L ERE 4 o
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(w9) & fz ot if & o

d >t it f§ 4 Janbu j# & Spencer 2 E 2 BF a5 0 ZE AR
FER BV a2 e > AR R 2GS LT > RiEE )
2t e ZTRAFRR RA o LB &0 - RRAERERAE A

HHEPHFET25A e o 500 IRIS BN 4% & 5 04102

IR

(Dynamic Programming method, DP).% & % 4 /2 = ;\z- 5 I %

W

% #c
B 2§ F #> & (Yamagami and Ueta, 1986 ; Baker, 1980) - & m - #*
B4R oA 0% K42 420 30 #i(additive functions) - @ ;¢ (4.14)

2

£ L ix 2 2 Baker(1980) % + & % A4 12 157E T

Q
E
L

|4
N
BN

E# et adic G 4r;t (416) 0 T EP KjEffer Sl G 2 5] BN

A4

(4.14)% > ¥ F; 2o 5] & 5 % % (equivalent) o 7= e iy fi2 0 3 24 5
B G2 b BRT RN A S E G % b Gk 2 BB S 5 et
PRy )2t L pE s BIC R G g #3% 2§ i & 5 (critical slip

surface) o

n

6= (4~F-B) # (4.16)

i=1

HoonsAatrfea 2 Pk >l & (4.16)° 14,

g\x‘i

By 2 F 395 Adrlio dcf M S AP A A E LR R AR

Glde F, =1 o
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B RE B RG)E E O RETRA R FAD F AR e A

= n+1rF(stage) » 4o 4-27(@)2- LB Mo pro & - [EIOV L iE F

A % R (state) - 4o ) 4-27 (a)2 1Bk o 4o @) 4-27 (b) > # (i) %

(i+1,k) 5 - fpsspEensd gl > Bl jk 7 4R % ) il e g B R A

7w §A5abkj TEARLZHE R E P - B P I T R (4.14)
25 (4153 B H A RA; 2 B o Flt o d (4,)) 2 (i+1Lk) 2 G

R E DG(Lk) 7 £ 7 &

DG;(j, k) = A; — F; - B;

(\‘
—~
:b
|
~
~

P Ee i) 5% -2 ()29t a3k ] & RF

Hiq (k) = ]_grlll;lm[Hi () + DG; G, k) iy T 41 7 (4.18)

B A RS

H,(j)=0,j=1~5 7 (4.19)

Gm=minG = min [Hy,()] ;¢ (4.20)
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k2 LEBIZAZ B vt (A14), Fet g mifee 2 K @

PE<1miase e #3% TLimhida o

k (+1, k)

(a) (b)
(b) 40 M # BT LB (Mdr=z & £, 2014)
w o~ AT R R

ﬁ‘i‘ 4B P RIS RN 2 ,{;ﬂjb,,. ﬁi(l%] 431) JL?LE:%&V'

“

AATHE S B AATREE 2 FHHA) ¥ R S ekl a g
RA o HAEE R AL s F A ETHIEEER ~F AT

B B G AR TRl 2 AT KRR IR 2 0 Bt 3417 0613 A 7
2 BB AR AT o N T2 B SdEE T2 AR B RF

2 BB HI > LN ARZ IE P S 40T o

(—)RERAAFTH

IRIS " & » 2 B H LI ATF 85~ SHee 342305 82 %
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B g 2 E T AR MRS RIE A 4T

S Sl PR R A b et 4 B 202 Y A R

ARG B kRS 2011 & poredtdp iR Im R BcE B AR
(DEM) » r2 2 2017 & -k 4 %45 h e {7 & 4 §4 & (Unmanned Aerial
Vehicle):3 & #7118 2_ fc g & - 3](DSM) » H e +4F & 5 0.02m - fr ¢
FEFHARREY LA F e hEER E3 2017 £ 6 % 13 p 1 2017

£67 1I7Tpafzag g

ERgEC B G Bl S
HFH A2 B iE 2 A & LA EcEy A ECF)(DTM) > #3832
B AR 5 RFEP-p 2011 & popoitdp 2 B A2 B0 (DEM)
M S22 e RMP|B~p K F RIFH 2017 # 6 7 18 p w4 ?E
Phantom 4 professional i& {7 L334 & ¢ > d Context Capture version 4.0
EFFY Z AR ERE FAcRD AR 2 B & 03] (DSM) - B
4-28 L2 s RREH M2 e R B Ay 2 FH AR
Gikyp i DSM 2 - fpftd e 45 N E R A i b o 4o 4-28
STIR 202 AR o
Tt A AR AL P EBGRE o LR R BOF

Bk 10 2% b FARE ALK AR T A LL =251

108m 2n,=10me 2 % = & 2 :#8 #A| Bl4c B 4-29 #7771 > R4

PERZFHRKARLZ DEM> M2 ¢ ME A o HIb{Sk A EREZ
4-59



107 #R AR T P CHTALDFT

FH KRG DSM > 12 ¢ FBRAE L 7 -
IRIS 5% P U414 4 0@ ]+ 2000 487 X & % 2 $ GdE F ]

3200 B0 ¥ 5T EEATEER 0 A R A X w2 BEER A

540

520

500

480

460

Elevation (m)

440

420

400
10 20 30 40 50 60 70 80 90 100 110

Distance (m)

W 4-29 §f © FH 57
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(=) & » %47

IR

TR AR RN 2 HOK A F ‘}-ﬂ'xﬁi

4=

\\\

BN 7 P AAT R R R B AR T He p
W2 4740 R4 KER 5-0.0Im £ &3 5 A 0.Amm/h 22 B 2% & > F N

FHAR(MIE T % > 2014) o A AT Tt kS HOKR GE 2 2K R E
BFF b2 ViEiT 300 2 2 HEEA o £ P R PR ERRA 0613 R
R F 2 Rfew 0 4rl@) 4-3002017 5% 1p OFF2 6" 30p 23 0%
£ 60 R 2R FA IR R RIBAF LRI B T

feor BT FE A AR 2 Ak (base flow) i <A RApE > T 2R

5 kB R T R R A T S BT 2 A 43 K

40 -

35 4

30 4

25 4

20 4

15 A

Rainfall intensity (nmd'he)

10

EE bbb R bbb PR R r P b b S SEEEEE 88588888

- R R R EEE R R R

— [am] ™ ] [=a] —_ =T ] [=a] ] [ | =1 ] (] [ T e T ] ] ] (] (] (]
Diate (2016)

W 4-30 & ¥ & 2017/5/1 3 2017/6/30 & & F#HL
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A F R 2 S BT S A -0 L - Rt g
LB G E T R T - AR A e MBI e A A
FHAATIEE e Al A N SRR A T 24 & F]S

IRIS =538 $ * Kosugi(1996)4& ! 2 LN #-3% % 77 3 3E-R x4 d

7»’%&"{?;} 34 %‘3

Y

Hoos P AT B E Ao P TLE L 0 2 S Y s b
Fold 455 W8 ke d 412907 AR B e g kR

TSR REY T TR TR PR Y FVE P

(r9 )i 848 T A 45

A AnIV R R R E R TR (8 0 T - PR G Bkt 0613 s Hp
ERL T S tbfﬁﬁs?])\ﬁv}ﬁ:{ A8 52 2017 #5 % 1p 232
2017 # 67 17 p 283> £ 4B r 2@ g o ¥ - 3 a > & IRIS
Best e R R TR AR R Rl A d v T 7 g
TR PSR > R 0 AT R A H2 R o 2 100 (Ym?)
B¥ed s 60 (degree) > (T3 F B o450 Bl 4-32 2 72 e 43 Sk
e v IRISH S £ K2 A4 TP ook 413 477 o
A G EE Fy RS Gk (kycky k) A&EA A S 1.02

1.52 27 2,04 (M)~ 3 A& ' 2 o 5 25° ~32° % ot 3F fdke
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2 412 JrNL el 4 F Sk

05 Or Ym .
(M3/m?3) (m3/m?3) (cm)
0.41 0.065 -26.4 0.486

Bar0s Lt dok A 3 B(MIYMD) 0 0 5 ASKA B MM o ym 5 2 HIL

Y T R R A B (M) o By i 2 BRIV L A R g )= Sk

2 4B LI g F Sk

Soil properties Max Min Mean
¢ /:(n3) 2.04 1.73 1.89
(t/Cn;Z) 2.0 1.02 1.53

( degees) 32 25 28.5
(rlrc17s) 10+ 10° 10°®

FiaiyidmE=EWUMd) ¢ L RE A (M) @' 2 3 A & (degrees) 0 kg &

% % Gl(mls) o
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o
:’(_}':l ‘E‘i“g; °
F R )
o
\ 4
o
FEREt B2 & il
[
A [
o
AN A
(G =4
o
[
W AR AT °
o
BB %3tk °
W 4-31

M3 #3 2F 4L 2011 # DEM
M 153 2 F AL 1 2017 £ DSM

1295 DEM £ DSM F #8252 &
WG AR 2 e

SV PR R IE 22K T
Z‘”ﬁr'rli 7300 = 2. F Z_'E % R
0.1mm/h = 4 » 2017/5/1~2017/6/30
£ 60 % & & A
5~ (% 4-12 LN model) £ -k & 4+
W A2 S

ﬁ”i%ﬁﬁéﬁ
@?J »~ 0613 %= # /¥ 2017/5/1~2017/6/17
£ 48 & g T

# 3% P /¥ (Occurrence time at failure FS < 1)
=% /4 % 5 (Critical slip surface)

A
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IEEE y
1.89 t/m”

LR SSRGS = L AR Lk i)

v

% ik K
10 m/s

.

A

% ik Kk,

10° m/s

v

A

v

%8 ik kK,
108 m/s

v

A

;;i/%"\:’; Cl
2.04 t/m3

é’i?’\i Cz
1.52 t/m?

/;‘i%xk 4 C3
1.02 t/m?

é’i/%"\ 4 Cl
2.04 t/m?

é’i/%"\ 4 C2
1.52 t/m3

é’i%"\ 4 03
1.02 t/m3

é’i/%"\ 4+ Cl
2.04 t/m®

g’iﬁx\ 4 C4
1.52 t/m®

;;i/%"\ﬂ; C5
1.02 t/m?®

y

|

@L%’%"ﬁ‘ ¢1~¢5

25° ~ 26° ~ 27° ~ 28° ~ 29° ~ 30° ~ 31° ~ 32°

@%‘%é‘ ¢1~¢5

25° ~ 26° ~ 27° ~ 28° ~ 29° ~ 30° ~ 31° ~ 32°

@L:}%i‘ ¢1~¢5

25° ~ 26° ~ 27° ~ 28° ~ 29° ~ 30° ~ 31° ~ 32°

W 4-32 2 3% 8RR IARF
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B AR %

ML EMGE > A7 % Bentley Context Capture Version
402+ HBFZ A2 FH SEIHARITHREFABFE
BoGfE CMBERE o % L 2011 & 1 f j247 B DEM e i i
d UAV 2 @2 002 mfz47 &2 DSM FH:EFHE - 2 57 s
PR R R 347 R 28 A FR 0 - DSM izt A4 5 Im*1m >

VAR RERBITREFERBE S 2 FHBFRZEWE G

f 4

7&! %_Er T"t‘?il:i o kM TE G f% % 2,729 L 3 2=, Eﬂiﬁa%ﬁﬁ% % 19,278

_%Q}r{,p_,g_r?\g\,%-&rvgl433£z< 414’“1"[“’

Value

@ - High: 13.7

W 433 ARy RFLABIMG LR
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Fr i 2R T R MR RS A 4

£ 414 PRy EBERREE

Depth (m) Number of grid  Mean EL. (m) Volume (md)

0.0~25 831 1.25 1039
25~50 443 3.75 1661
50~75 441 6.25 2756
7.5~10.0 366 8.75 3203
10.0~125 375 11.25 4219
125~15.0 340 13.75 4675
15.0~175 106 16.28 1725
Total 19278

(=) # 3 B %

9 2% IRIS HE5 4 7 4B P ik & 7 FH AR T 47 0 B0 i S
e P a2z fde  Tho X > GHEF LY F R A
Toenikgp s & > G2t 1o £ F O IRISHG U5 fE & & 74 ki
FRALFAPRERT o a BT ededn gl TP A BT AR E L 2017
#5119 23 @ A R T Omin; & F U HEE4 E
B 5 15 p 3pF . JpFg 4 PR S 65810min; ¢ A2 w1 & £ T4
SAPFOIRISHEN BB o v e Bh | £ >R 7afde o

AT OUR 4320k w2 T2 BRY 0 2P 4 15 mHRE S
ARNEIEN S ORI I SO S L IE A LE § SRS & 3

Beplip2 s BEs 1228 G828 MERA4 1z 8wtk
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Bt on AR R a2 206 F L AELE Wh 4-29) #% A F

Hd BRE BTSSR 0§ 58 iR A Gl d b g 2 R G
2017/06/1516:50 » H 22 3ppe 3¢ 4 32 PERF LY 32T o Bt R H|P o
2R G BES ~ BEi AN L 109m/ss 1.52 t/m? > 31
(degree) o f1* IRIS “TH#z Tl Ffm B LIS RFID A2 85 0 §
W E 434 R Vgl 53 G G A SR o
R IIRIS 558 e ] > H BB gt % > G L pE o e b
Fokg o i3 2 PV RN 2 i B o S M B % S S chenfER s F L

FFH R DS S B I #3 A o

g
I
=3
2
= .
440 A Before disaster (2011)
—6— Observed slip surface (2017)
420 A —8— Estimated critical slip surface
= = Bedrock
400 T T T T T T T T T T

0 10 20 30 40 50 60 70 80 9 100 110
Distance (m)

W 4-34 RIS g2 #5F o
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Fr i 2R T R MR RS A 4

% 4-15 P E S EPIEES

, 5 3 N
s (rrll(/ss) (t/rcnz) (de(sree) e ;% i«;
58 31 Y 2017/06/15 16:50 0.99
59 30 N 2017/05/01 00:00 0.98
60 29 N 2017/05/01 00:00 0.95
61 1.52 28 N 2017/05/01 00:00 0.91
62 27 N 2017/05/01 00:00 0.89
63 26 N 2017/05/01 00:00 0.86
64 25 N 2017/05/01 00:00 0.83
65 10 32 N 2017/05/01 00:00 0.99
66 31 N 2017/05/01 00:00 0.94
67 30 N 2017/05/01 00:00 0.91
68 29 N 2017/05/01 00:00 0.88
69 Ho2 28 N 2017/05/01 00:00 0.84
70 27 N 2017/05/01 00:00 0.82
71 26 N 2017/05/01 00:00 0.79
72 25 N 2017/05/01 00:00 0.76

(—)IRIS HoA 45 * 2011 # p pefqn iz 1m el 3 243
(DEM)&2 = i§ 5 % fr 34 25403 > £ 00 2017 & -k 4 (4% b e 1

£ A $* £ (Unmanned Aerial Vehicle):? & #7{% 2 ficig 3 # #-3)
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(DSM) i+ 5 M85 52 8 > £ i~ L & B T4

N BHAR T AT o S A H - SERIE )
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B 82 % {5 DSM g Aot g0 B2 S IR A pER
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PCRE AR - BB E R R R RO ORGSR & - EEREE S (Virtual reality, VR)HlTFEH =
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1. Development of Training Platform about Slopeland
by Using Virtual Reality
Wei-Ze Liou™  Chen-Yu Chen™ Jyun-Wei Chen™ Chen-Yu Wul!

ABSTRACT In order to demonstrate and visualize the sites of serious sediment-related
disasters, this study created 3D spatial model of slopelands by using aerial photos which were
taken by Unmanned Aerial Vehicle (UAV). Additionally, previous investigating projects and
images were merged into the visualizing models to establish the spaces of slopeland in virtual
reality (VR) and immersive platforms for training. VR technology utilized highly overlapped
methods to take aerial photos, and processed aerial photos with continuously high-resolution
images through 3D modeling software which was ContextCapture. The data was reproduced
3D models and developed VR environments by Unity. Recently, VR had become the most
innovative fields. By developing the training mode, new engineers could understand real
disaster sites through professionally training platforms without being sites in person.
Furthermore, the results of this research not only allowed several users to discuss emergency
response or construction plans but also could be handled without spatial barriers and even
improved the efficiency of disaster prevention.

Key Words: Unmanned Aerial Vehicle, Virtual reality, 3D modeling.
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1. Feasibility of Disaster Risk Matrix Subject to
Rainfall by the Area of Newborn Landslide

Jyun-Wei Chen™" Chen-Yu Chen™ Wei-Ze Liou

ABSTRACT The number of disasters is increasing since the climate changes were much more
obviously in recent years. However, the efficient way to decrease casualties due to natural
disaster is establishing the warning systems which can evacuate people who lived in the
potential area of disaster. Although many results show that the water content in soil is the main
reason which induces the landslide subject to rainfall, lots of warning systems of landslide are
only measuring rainfall without the factors of geography and geological conditions. Hence, this
study integrates quantitative precipitation estimation (QPE) radar rainfall data and the area of
historical newborn landslide into a 2-D disaster risk matrix subject to rainfall. In this matrix,
the assessment index of disaster hot zone during rainfall and the geo-vulnerability indexes are
assumed as consequence and likelihood separately. Furthermore, the geo-frangibility index is
defined by statistics of the newborn landslide area based on probability distribution. However,
this study selects the cases of Liouguei District during 2005-2015 to demonstrate. Moreover,
the result shows that this risk matrix and its warning system can predict reasonably.

Key Words: Area of Newborn Landslide, disaster risk matrix subject to rainfall, geo- vulnerability
index, warning system, QPESUMS
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1. A Case Study of the Landslide-induced Barrier
Lake Breach Assessment in Nantou County

Chia-Hsing Lint?" Chen-Yu Wul¥l Wei-Ze Liou™? Kuo-Wei Chen™ Chen-Yu Chen ™!

ABSTRACT The landslide-induced barrier lake was mostly triggered by the heavy rainfall or
earthquake event. The barrier lake was influenced by the upstream discharge of water and
sediment and caused dam breach and sediment disaster in the downstream area. To gain an
understanding of the traveling time and scale of flooding wave of a barrier lake breach, the field
investigation and numerical modeling were used to study breach assessment of the barrier lake.
Hydraulic Engineering Center River Analysis System two-dimensional hydrodynamic routing
was applied to simulate the breach processes of barrier lake. The HEC-RAS 2D model contains
dam failure mode including overtopping failure and piping failure. This study model and
analysis the landslide-induced barrier lake on 1 June 2017, in Nantou County. The HEC-RAS
2D is capable of assess the impact of flooding wave magnitude on a downstream area and
provide the government officials to mitigation support and disaster assessments.

Key Words: Barrier lake, Dam failure mechanism, Flood routing
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1. Investigation on the Currently Recovered Works of the
Disaster Areas caused by Typhoon Herb around Chenyulan
River

Yung-Chiau LinM®  Chen-Yu Chen™*  Jyun-Wei Chentl Wei-Ze LioulI?l
Chen-Yu Wultl

ABSTRACT Typhoon Herb strongly attacked Tai-21% highway around Chenyulan River also triggered landslides
and debris flow. In order to examine the current status of the related recovered works, this study recorded the changes
of landslides by UAV (Unmanned Aerial Vehicle). Moreover, this study compared the historical photos of the ten
key disaster areas in the historical image platform of Soil and Water Conservation Bureau. In addition, we also
collected the satellite image of the landslides of the past years and analyzed the rainfall data for analysis and
evaluation. Primary results showed the current status of ten key disaster areas’ recovery including engineering works
and hillside revegetation of slopeland was well. Furthermore, areas of bare slopes were shrinking year by year from
Typhoon Herb happened, except the area around upstream of Heshe River. Heshe Rainfall Station could be an
example which located on the upstream of Chenyulan River. As Heshe Rainfall Station recorded, the accumulated
rainfall during the typhoon Herb is 645mm (rainfall duration: 30hr). Then, until the end of October 2018, there were
ten rainfall events over torrential rain (350mm). One of the rainfall events was in 2001, the cumulative rainfall of
the typhoon Toraji was only 418mm (rainfall duration: 24h); however, typhoon Toraji caused some disaster areas
which were considered to be caused by the impact of The 921 Earthquake and the higher average rainfall intensity.
The other nine rainfall events which were including Typhoon Morakot and the other two typhoons rained over than
800mm, the ten key disaster areas were not reported. Therefore, it was indicated the recovered works had achieved
initial goals.

Key Words: Typhoon Herb, Chenyulan River, landslide, debris flow, historical photographs
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1. The Landslide Dam Breach Impact Assessment - A
Case Study of the Hokkaido Earthquake in Japan

Chen-Yu Wul¥"  Chia-Hsing Lin®1?  Kuo-Wei Chent!l

ABSTRACT A magnitude 6.7 earthquake struck Hokkaido in Japan on 6t September 2018.
According to the investigation report of Japan ministry of land, infrastructure, transport and
tourism, the earthquake caused 223 sediment-related disasters such as debris flow and slope
failure, more than 2,500 buildings were damaged, and TEC-FORCE dispatched about 3,000
people for emergency investigation. A deep-seated landslide of about 50 hectares was found in
the Hidaka Horobawa creek which is tributary of the Atsuma river. Due to the landslide area
has crossed the river bank and blocked the river to form a landslide dam, experts suggested
that emergency monitoring and measures should be carried out as soon as possible to avoid
secondary disasters. This study used two-dimensional flood routing model of HEC-RAS model
to simulate the impact area and flood arrival time after the landslide dam breach in different
scenarios. Simultaneously, we keep collecting the disposal information of the landslide dam to
provide reference for the emergency response plan if the same disaster occurred in Taiwan.

Key Words: Landslide dam breach, Impact areas, HEC-RAS, two-dimensional hydraulic routing.
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Development of Visualized Integrated Rainfall-
Infiltration-Slope stability (IRIS) model

Y= Chen-Yu Chen"  Jyun-Wei Chen!!
Chien-lun Huang? Feng-Chi Huang™I®!

ABSTRACT Rainfall is one of the most common causes of landslides. To understand the
mechanism, occurring time and scale of landslides triggered by rainfall, the environment survey,
setting up monitoring systems and establishing numerical simulation are the essential method
to reduce casualties. According to the past case studies, the integrated rainfall-infiltration-slope
stability model (IRIS model) can be applied to simulate the process of landslides during rainfall,
and it is able to predict the occurring time and scale of landslides. The IRIS model is divided
into three stages. Firstly, the variation of water content is described by Richard’s equation,
performing finite-element method to solve the process of rainfall-infiltration. Secondly, the
concept of limit equilibrium using Janbu’s simplified method is utilized for slope stability
analysis. Afterward, the critical slip surface is determined by dynamic programming method.
This study improves the existing unfriendly user interface of IRIS, and develops the visualized
tool to display the change of water pressure in the soil and critical slip surface of landslide
simultaneously. The results showed that the visualized IRIS model cannot only predict the
landslides well, but also provide useful teaching aids.

Key Words: Landslide, infiltration, IRIS, visualized, simulation.
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1. Environmentally friendly measures and methods
in soil and water conservation

Feng-Chi Huang ¥12 " Kuo-Wei Chenl!

ABSTRACT Conservation ecosystem are related to homeland security. An important issue is to
create disaster prevention projects with ecological benefits. In field of soil and water
conservation, the engineering is located in the catchment area and the low elevation mountains,
and biological activities in these areas have a very close relationship with humans. This study
takes of the engineering life cycle, Ecological considerations at different stages need to be
clarified, the conservation measures to be carried out and the methods of application. This case
shows exploration, citizen participation, habitat assessment, and mapping of ecologically
sensitive maps, and propose specific environmental measures, construction options. Exploring
the effectiveness and improvement of environmental measures, tracking and evaluation of

ecological records, and the impact rate and re-incubation rate of ecosystems at various stages
as indicators.

Key Words: Environmentally friendly measures, Engineering method, Engineering life cycle,
citizen participation.
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Simulation of Large-Scale Shallow Landslide Triggered by Heavy Rainfall using IRIS Model

oChen-Yu Chen (4 :5%). Hsuan-Pin Wu(Z.§73). Jyun-Wei Chen(3i#54E), Kuo-Wei Chen(fi ] %)
Soil and Water Conservation Bureau, Taiwan (&% 4 1 (4% 5
1. INTRODUCTION

A large-scale landslide at Hongye village. Taihmg, Tarwan was triggered by typhoon Meranti. causing
accumulated rainfall of over 500mm within 24 hours in 2016 (Fig. 1). To obtain overall impact area of post
disaster, the unmanned aerial vehicle (UAV) was used for survey. In addition. an integrated rain-fall-
infiltration-slope stability model (IRIS model). which was developed by Tsutsumi (2008), was selected to
simulate Hongye landslide. IRIS model is divided into three stages. Firstly, the vanation of water content is
described by Richard's equation, performing finite-element method to solve the process of rainfall-infiltration.
Secondly. the concept of linmt equilibrium using Janbu’s simplified method is utilized for slope stability
analysis. Afterward, the cnitical ship surface is determined by dynamic programming method. The soil physical
and engineering properties were investigated from in-siftu sampling and laboratory test by Soil Water
Conservation Bureau. The results indicate that landslide occurrence time and failure slip surface can be
effectively stmulated by IRIS model.
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Simulation of Large-Scale Shallow Landslide Triggered by Heavy Rainfall using IRIS Model
oChen-Yu Chen ([##z5%), Hsuan-Pin Wu(=#144), Jyun-Wei Chen([#54fE), Kuo-Wei Chen (5[ z)

Soil and Water Conservation Bureau, Taiwan (&Z7K T{rH5)
1. INTRODUCTION

A large-scale landslide at Hongye village, Taitung, Taiwan was triggered by typhoon Meranti, causing
accumulated rainfall of over 500mm within 24 hours in 2016 (Fig. 1). To obtain overall impact area of post
disaster, the unmanned aerial vehicle (UAV) was used for survey. In addition, an integrated rain-fall-
infiltration-slope stability model (IRIS model), which was developed by Tsutsumi (2008), was selected to
simulate Hongye landslide. IRIS model is divided into three stages. Firstly, the variation of water content is
described by Richard’s equation, performing finite-element method to solve the process of rainfall-infiltration.
Secondly, the concept of limit equilibrium using Janbu’s simplified method is utilized for slope stability
analysis. Afterward, the critical slip surface is determined by dynamic programming method. The soil physical
and engineering properties were investigated from in-situ sampling and laboratory test by Soil Water
Conservation Bureau. The results indicate that landslide occurrence time and failure slip surface can be
effectively simulated by IRIS model.

. o R B-B Geological Cross Section
Hongye village, T3 0 g

Colluvium

600 Slate inclusion meta

100 200 300 400 500 600 700 800 900 1000

9 | Luye Rain Gauge
L Landslide occurred
2016/09/15 04:00

l
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2016/0913 2016/09714 201610914 2016'0074 2016/09714 201602115 201610915 2016/0915 201610915 201610915
2300 0400 0900 1400 1900 0000 0500 I 5 2000

Fig. 1 A large-scale landslide disaster at Hongye village, Taitung, Taiwan during typhoon Meranti in 2016.

2. METHOD

(1) Post Disaster Survey and Assessment

To investigate the disaster situation, UAV was employed to build the 3D model, orthophoto and digital
surface model (DSM). This study uses remote-controlled UAV Phantom 3 Professional equipped with digital
camera and GPS to acquire airborne digital photographs on September 16, 2016 and March 24, 2017. The
images recorded in 2016 is in emergency mission, the image resolution ranges between 0.042m to 0.370m,
and did not set the ground control point. UAV mission in 2017 took different elevation as an aerial survey
route to raise the image resolution which ranges between 0.036m to 0.190m, and 10 ground control points
were set around the landslide area to calibrate the elevation. Moreover, Bentley Context Capture version 4.0
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is used to feature the points of the aerial photos by aerotriangulation and produce the three-dimensional model,
and the DSM grid size is 0.140m (Huang et al., 2017).

(2) Landslide simulation method

This study used the Integrated Rainfall-Infiltration Slope stability (IRIS) model to conduct the slope
stability analysis. The IRIS model can be divided into several modules. The rainfall-infiltration module adopts
the Richard’s equation to simulate the infiltration and water flow in the soil. The result of infiltration analysis,
which was calculated by the finite-element method, was then used to conduct a slope stability analysis
simultaneously. A simplified Janbu method and dynamic programming (DP) method were used to determine
the critical slip surface and the factor of safety (see Fig. 2).

According to the orthophoto and aspect map conducted by UAV after the disaster, the cross section of
the landslide could be identified as the Fig. 3. The parameters used in the simulation were listed in Fig. 4, and
they were obtained by filed survey and laboratory experiment. Therein, The lognormal model proposed by
Kosugi(1996) can be used to represent C(y) and K(y) for unsaturated condition (w< 0). The simulation used
the rainfall data of Luye rainfall station from July 1 to September 13 as the antecedent rainfall, and prime
simulation duration was from September 14 to September 15 with 10 minutes as the time-step of the simulation.

Establish terrain Rainfall- Slope stability Determined the o]l als /=411
data by UAV infiltration model analysis model (ol ior | K [TORSVTA 1Y) 2. Critical slip surface

« DSM « FEM * Janbu’s simplified * Dynamic programming
* Geological Cross Section « Richard’s equation method method

Fig. 2 The operating procedure of post-disaster survey and simulation.

Soil parameters of colluvium

Hydraulic characteristics and soil strength ‘

Y C ¢ ks
(t/m’) (tm*) | (Degree) (cm/s)
187 | 1.0 26 2.04 x 107
Unsaturated soils (SWCC) Richard’s equation
050 )od0__0.-0, [ [y}
g:; 4 - . ((W)if"yimﬂ(*ll/)p — }
% s S . K(WFK‘{L(IHW"WM)H {L’C"Waw”’ﬂ
% g;; A . Parameters of unsaturated soils ]
2 o RN
G ous | (m*/m’) (m*/m’)  (cm)
Ol’thophoto o { o e e 0 ‘ 0.477 | 0.168 | -178.96 |2.24
Fig. 3 Identify the cross section of landslide by orthophoto and aspect map Fig. 4 Parameters of the simulation

3. RESULTS AND DISCUSSIONS

(1) Terrain change and volume evaluation

To compare the DSM before and after the landslide, the elevation difference after landslide and evaluates
the landslide volume is determined. The results show that the landslide area is about 56,194 m?, and the mean
elevation difference of the landslide area is 2.70 m, including the deepest erosion of 13.48 m and the highest
accumulation of 21.25m (Fig. 5), and the landslide volume 211,466 m? is evaluated (Huang et al., 2017).

(2) Landslide simulation results
H$-18
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The simulation results show that the calculated slip surface from the simulation was very similar
compared with the actual event (Fig. 6). Furthermore, the landslide occurring time of simulation is at 04:20
September 15 was also close to the actual disaster.

750

Elevation change(m) —Ground surface

Value
p— High : 21.2521

—Bedrock
700 ' —~ Calculated slip surface
«+++Observed slip surface

B Low:-13.4822

650

Elevation (m)

0 50 100 150 200 250 300
Distance (m)

Fig. 5 Terrain change after landslide (Huang et al., 2017) Fig. 6 The simulation results of landslide profile (A-A cross
section)

4. CONCLUSIONS

UAV is an inexpensive, low- labor costs, effective, user-friendly and new remote-sensing tool, and it can
quickly establish the orthophoto and DSM after post disaster. Applying the terrain data and soil parameters,
IRIS model can simulate the scale and occurring time of landslide. To integrate these processes, this study
establishes an operable standard operating procedure (SOP) for post-disaster survey and simulation for
landslides. The SOP can help government officials to make appropriate decisions for post-disaster survey.

Keywords: Landslide, UAV, simulation, IRIS model, sediment disaster.
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[ Abstract] Due to the influence of climate change, sediment-related disaster events may develop

LB e 2 K (R RS R Se 26 NG » *i3RE S - BB T-B0(4: © owen951753@mail sweb.gov.tw

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

2t 3 N SRS -

Research Assistant, Agricultural Technology Research Institute, Taiwan
Wi-21


mailto:owen951753@mail.swcb.gov.tw

107 ER A AW BRI XHEADFY

into compound disasters, such as large-scale landslides caused by earthquakes and typhoon events
lead to sediment moving into the riverbed and forming a landslide dam. Once the landslide dam is
broken, lots of sediment combined with flood may rush to downstream and will seriously jeopardize
the safety of downstream residents and endanger protected targets. To estimate the safety of protected
targets downstream after landslide dam breaking, this study used the HEC-RAS numerical model to
simulate the peak discharge after landslide dam failure. According to investigation report and digital
elevation model, the landslide dam and stream numerical model of the Xiao Ban Tain slope failure at
Lugu County were established. We designed two sizes of dam according to the site investigation and
the maximum estimated height with top dam height of 7 m and 17 m, respectively. Simulating and
comparing discharges, flow depth and influential area by one-dimensional and two-dimensional
models for five different dam breach durations. Results indicated that two models have different ways
to identify the position of dam failures and lead to differences of simulated discharges and water
depths between those two dimensions. Through the new inspection function, it will be able to quickly
assess the scope of impact of the landslide dam break. After comparing with two different dimensional
models, one-dimensional model provides simple simulation and interpolation results that saving the
time for calculation in the preliminary risk assessment. In the two-dimensional model, it can
overcome more complex terrain and have better results in flood simulation. In the future, the
simulation process will assist with risk assessment of landslide dam breaking disaster.

[ Key words]) Landslide dammed lake, HEC-RAS model, Overtopping failure, Hydrodynamic model.
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Fig.10 Assessing the scope of influence of landslide dam breaking in satellite imagery
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Preliminary Study of Disaster Hot Zone Warning Model in
Slopeland during Rainfall

Chen-Yu Chen'™ Jyun-Wei Chen! Kuo-Wei Chen!
Research and Technology Development Team, Soil & Water Conservation Bureau, Council of
Agriculture, Executive Yuan, Taiwan

ABSTRACT

To establish a warning system and evacuate residents before disaster occurring is the essential method
to reduce casualties. While much research reveals the results that the landslide occurring during rainfall
is related to the soil water content, due to the limitation of collecting monitoring data in mountainous
areas, the existing warning system only uses the rainfall and its derived parameters as the critical index.
Moreover, the existing warning system in Taiwan issues alerts only for the thousands of potential debris
flow torrents, not included the slope failure disasters which are more common to see in mountainous
areas. In addition, the existing alert-issuing system only shows the risk of potential debris flow torrents,
and it cannot provide overall risk assessment in mountainous areas. Therefore, this study integrated the
QPE radar rainfall data and the change of historical remote-sensing image to propose the assessment
index of disaster hot zone during rainfall, and we also establish the warning model by using this index.
In the case study of Liouguei District during 2005-2017, the new warning model could offer well-
predicting for occurring time and areas of landslides.

Key Words: Disaster hot zone, landslide, debris flow, warning system, QPESUMS.
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Title:

A Case Study for Evaluation of Landslide Volume and Two-
Dimensional Slope Stability Numerical Simulation Subject to
Rainfall Infiltration

Abstract:

A landslide disaster was caused by 0613 torrential rainfall in 2017, which is located in Nantou,
Taiwan. The field was investigated by unmanned aerial vehicles (UAV) to collect the spatial
information. According to the post-disaster information, the orthophoto and digital surface
model (DSM) were produced and used to map the landslide zone. Afterward, the different
periods of digital terrain model (DTM) were compared to evaluate landslide volume. Moreover,
the numerical analysis program, integrated rainfall-infiltration-slope stability model (IRIS) was
selected to simulate landslide. The procedures of IRIS model are divided into three stages.
Firstly, the variation of water content is described by Richard’s equation, performing finite-
element method to solve the process of rainfall-infiltration. Secondly, the concept of limit
equilibrium using Janbu’s simplified method is utilized for slope stability analysis. Afterward, the
critical slip surface is determined by dynamic programming method. The results indicated that
using UAV can efficiently observe the variation of micro-photography and evaluate the landslide
volume. The application of IRIS model also effectively responded landslide occurrence time
and failure slip surface.
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