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ABSTRACT

I. Introduction

The evaluation for the potential of a natural hazard should take into
account both the probability of the hazard to occur (i.e., the susceptibility)
and the impact on casualty/injury and economic losses. The former
determines the chance of hazard, while the latter provide a measure of the
scale of hazard damage (or vulnerability).

The threats from to a landslide dam can either be abrupt (e.g.,
flooding due to breaching of dam) or long-term (e.g., increase in sediment
yield). For the purpose of hazard mitigation, the evaluation of abrupt type
threats should include the assessment of failure probability of the landslide
dam and the potential damage once the dam does breach. This project
aims to establish methods for the assessments of landslide-dam failure
probability as well as the scale of flooding damage and vulnerability after
dam breaching. The landslide-dam hazard then can be assessed by the
combination the level of landslide-dam failure probability and the level of
flooding vulnerability. This project also design a geographic information
system (GIS) for the management of landslide dam cases. It is anticipated
that the GIS system will serve as a platform for necessary risk management
and help to provide useful information for disaster prevention and hazard

mitigation.

I1. Data Collection

Two categories of information were collected in this project.
Category 1 data is regional data containing city boundary, basic data (rivers,
dams, water gates, levees, etc.), hydrological stations, sensitive geology

(potential debris flow and landslides), etc. Category 2 data contains data
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of individual landslide-dam case including DEM, geology map, land-use

information, etc.

II1. Assessment of Landslide-dam Failure Probability (Susceptibility)
This project suggests using satellite image and DEM, together with
GIS capable of space calculation, for the preliminary assessment of the
breaching potential of landslide dam. The steps of analyses may include
the following: (1) to obtain orthomaps clear enough to locate the landslide
dam. (2) to estimate the geometric parameters of the landslide dam (crest
elevation, length, width and height) and the upstream catchment area by
using DEM; (3) to estimate the relation between water level and lake
storage volume from DEM, and to monitor the change of water level using
multi-stage satellite images if available; (4) to estimate the net inflow, the
time for overflow to occur, and the relation between the flooded zone and
time; (5) to quantitative assess the failure probability of the landslide dam
with the geometric parameters using the published logistic regression
model. This model was also examined with many landslide-dam cases in
Taiwan. The probability (susceptibility) of landslide-dam failure is

classified into five levels according to the range of failure probability.

IV. Assessment of Hazard of Landslide Dam

The hazard assessments for landslide dam can be carried out either as
a quick assessment in an early stage or as a detail assessment when
information becomes sufficient. The flooding vulnerability due to a
landslide dam should consider the threats from the dam both to the

upstream areas (before dam breach) and to the downstream regions (after
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dam breach).

For the upstream vulnerability, the assessment is to estimate the
flooded zone due to water-level rise in the natural lake dammed by the
landslide dam. In quick assessment, the flooded zone can be estimated
form DEM and the rising water level. The detail assessment, on the other
hand, can make use of hydrological model and hydraulic model to
calculate the rainfall amount required to cause dam-crest overflow.

For the downstream vulnerability, the assessment is to estimate the
downstream flooded zone due to the breach of the landslide dam. To
perform quick assessment, a series of graphs were prepared for the peak
outflow from a breached dam for various combined conditions of inflow,
dam height, dam slopes, and lake storage. These graphs enable quick
estimation of peak outflow from a breached dam. The peak outflow Qg
1s then compared with the designed flow of the downstream river Qg the
level of flooding vulnerability then can be classified by the ratio of (Qgp, /
Qar).  For detail assessment of downstream flooding vulnerability, 2-D
flooding numerical simulation 1s used to find the flooded zone, flooding
depth, flow velocity, and water-level rising rate. @ The level of
vulnerability for each downstream flooded region i1s assessed by
considering factors including economic loss and vulnerable residences.
The downstream flooding vulnerability is classified into five levels.

Finally, the landslide-dam hazard can be assessed by combining the
level of landslide-dam failure probability and the level of flooding
vulnerability. The landslide-dam hazard is classified into seven levels in

total.
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V. Management and Analysis of Monitoring Data

A system of management and analysis of monitoring data for
landslide-dam cases is established in this project. This system includes data
acquisition, data statistics, and prediction model. Four kinds of prediction
models are incorporated in the system. The project also used a variety of
monitoring data from a well instrumented case to demonstrate and verify

the effectiveness of the system.

VI. Geographic Information System for Landslide-dam Management

This project established a geographic information system (GIS) for
the management of landslide-dam cases. This GIS system enables the
acquisition, management, storage, inquiry, analysis, and graphical output of
information. It is anticipated that the GIS will serve as a platform for
necessary risk management and help to provide useful information for
disaster prevention and hazard mitigation.

The GIS enables the setup of individual landslide-dam case.
Pre-loaded data can be retrieved according to the location of the landslide
dam. Data and information from following site investigation,
instrumentation, and data collection can also be added into the system.
This system includes four sub-modules: (1) inquiry of basic information; (2)
system of management and analysis of monitoring data; (3) hazard
assessment and model library; (4) knowledge base, risk-management

auxiliary and related information.

VII. Case Studies and Technology Transfer

(1) Two landslide-dam cases formed in 2009 were used to demonstrate the
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effectiveness of the proposed methods in this project. The first case is
the Shau-Lin case; the second case 1s the Na-Ma-Sha case.
(i) Two training workshops were held to transfer the technology developed

in this project.
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$E2 | 000 | 000 | 000 | 0.00 0.00 0.00 | 0.00 I 0.0 0
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#ra2 | 750 | 1.00 | 130 | 0.77 7.42 1.00 0.90 v 21.2 0
o2 | 965 | 1.00 | 108 | 075 9.44 1.00 0.89 v 3200.6 356
=22 | 410 | 1.00 | 350 | 1.00 3.99 1.00 1.00 % 91.6 28
rve | 278 | 098 | 271 | 1.00 2.54 0.90 0.96 v 32.0 0
g | 874 | 1.00 | 3.3 | 1.00 7.97 1.00 1.00 v 1410.2 10
RisZ | 949 | 1.00 | 359 | 1.00 8.71 1.00 1.00 v 2813.7

MLE | A2 | 144 | 092 | 145 | 0.79 121 0.62 0.76 v 170.6
dpg | 247 | 097 | 160 | 1.00 1.96 0.79 0.92 v 4648.9 10
#72% [ 35 | 100 [ 055 | 0.70 2.93 0.98 0.86 v 45223 24
ke | 842 | 1.00 | 178 | 1.00 6.94 1.00 1.00 v 513.9 26
%2 | 528 | 100 | 1.63 | 1.00 3.87 1.00 1.00 % 4454 90

g RO | 347 | 100 | 126 | 077 2.02 0.80 0.83 v 4004.5 0
ot | 758 | 100 | 171 | 1.00 4.58 1.00 1.00 % 3102.4 0
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http://www.esri.com/software/arcgis/arceditor/evaluate.html
(1)8b:E Get Your 60-day Trial Now

ArcGIS Desktop Free 60-Day Trial

Here's your chance to explore the software and see its power and
versatility to solve challenging geographic problems

What's Included

You'll get ArcGIS Desktop 10 at the ArcEditor license level, which

lets you explore core GIS features. Also included are many ArcGIS

Desktop extensions—each uniquely designed to perform
specialized geographic analysis.

Try ArcGIS Desktop 10 Today

Don't miss this great opportunity to evaluate ArcGIS Desktop to
see what it can do for you

Need More Information?

If you have other questions before getting the trial software, find
the answers in the Trial Software Help and Resources

2)% » ezt i * F’ i€ #& Create an Account
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ArcGIS Desktop 10 Free Trial

Esri Global Account

Log in to your Esri Global Account
Not registered with us yet? Create an Account

User Name:

Password:

@ Forgot User Name/Password?

G)F EXPT FRAS TRAIE RGP p AR THL
2L:% Get started

Request a Download or a Disc (check System Requirements &y

@ Download |

ArcGIS Desktop 10 [3.76 GE]

Re

Tutorial Data (English Only) (Optional) [1.87 GB]
Re
You will be able to select from the following languages: ye
= English = Chinese = French Pl
= German = Japanese = Spanish @

| Get Started |

[}

4 FE » R~ FH

ArcGIS Desktop 10 Free Trial

We'd like to know a little more about you

We need to know a little bit more about you in order to process your request.

A confirmation e-mail will be sent to cdsm@ms9.hinet.net.

Personal Information (Required)

Prefix: Miss -
Job Title: Assistant

Phone: 88635712121 Ext.:

HuiJung Wang

No.1001, Dasyue Rd., East District
HsinChu, None 200

™

(5)F1* T-zip g4 4T 2 iso hH BB e T THE S T
BRBTTEFRY R K
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Thank you for choosing ArcGIS Desktop 10.

o Uninstall any previous versions of ArcGIS that you may already have on your machine. This includes any version of
ArcGIS Desktop (ArcView, ArcEditor, ArcInfo), the ArcGIS 9.x License Manager, and ArcGIS Server. The only exception is
ArcGIS Explorer.

Install an image (IS0O) extractor program such as 7-Zip. @

Install the Microsoft .NET Framework 3.5 Service Pack 1. &

Download ArcGIS Desktop 10 in your preferred language.
Language: English ~
Download ArcGIS Desktop 10. (English): [3.76 GB] @

Download ArcGIS Desktop 10 Tutorial data (optional).
Download ArcGIS Desktop Tutorial Data 10 (English) (English Only): [1.87 GB] @

Unzip the ArcGIS Desktop 10 image (.ISQ) files using 7-Zip @.
Or you can read the image to CO/DVD and run the setup program manually.

Install ArcGIS Desktop 10.
When prompted, select ArcEditor Single Use
Then enter your authorization number: EVA413019233

Begin using your ArcGIS Desktop 10 evaluation software.

© ©0 0 000

2 ~ & % ArcGIS
(1) fxf% % T 2LiE ESRlexe B fxis 4o Bl 977 > BRiE ArcGIS

Desktop £ 7 {4 2_ Setup T B 4% % o

x

[]
ArcGIS Desktop

Quick Start Guide Readme

Uninstall Existing ArcGIS Software - REQUIRED IF UPGRADING AN EXISTING INSTALLATION

Detect Conflicts Readme
ArcGIS Desktop
ArcGIS Desktop Setup Install Guide
ArcSDE for Microsoft SQL Server Express 2008 Setup Install Guide
ArcGIS Data Interoperability Extension Setup

ArcGIS License Manager - REQUIRED UPDATE FOR ARCGIS DESKTOP AND ENGINE USERS

Setup Reference Guide
ArcGIS Desktop Developer Resources
ArcGIS Desktop VBA Resources for Developers Setup
ArcObjects SDK for the Microsoft .NET Framework Setup
ArcObjects SDK for the Java Platform Setup

The Sofaris and Linwr sefups {or the Livense Marager are srcivded on fe media; see the License Marager Reference Guide [Oc more fnformation.

Browse

Q)Fx EZ= = fs > 27 A FIP > 1P A2 55 H ArcEdit(Single
User) » 2 & {¢ 2Li% Authorize Now °
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ArcGIS Administrator Wizard e S|

1. Select a product

ArcGIS Desktop
() ArcInfo (Concurrent Use) (71 ArcInfo (Single Use)
() ArcEditor (Concurrent Use) (@) ArcEditor (Single Use)
(7) ArcView (Concurrent Use) () Arcview (Single Use)
| |
ArciGIS Engine
]
1 ArcGIS Engine Runtime (Concurrent Use) ArcGIS Engine Runtime (Single Use) |
ArcGIS Engine Runtime and ArcGIS
Engine Developer Kit {(Single Use)
2. Define a License Manager for 2. Launch the Authorization
Concurrent Use products Wizard for Single Use products
License Manager Authorization Wizard

Define a License Manager now:

LRI Browse... Authorize Now

Define a License Manager later from the
ArcGIS Administrator

f OK ]’ Cancel ]

(3)i£ # I have installed my software and need to authorize it & B

N
i3 <x - v)’b o
Software Authorization Wizard . u
Anthorization Options

Fou yanst anthorize the software prior to vee. Select from the options below.

Authorization Options
@) | have installed my software and need to authorize it.
(7) | have already authorized the software and need to authorize addtional extensions.

(7) I have received an authorization file from ESRI and am now ready to finish the
autharization process.

Browse...

(4)2L:E Authorize with ESRI now using the Internet » BEiE T -
j—l} °
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i

Aunthorization Method

r —
Software Authorization Wizard —* . -

Select the method wou want 1o nse to authorize the software.

@) Authorize with ESRI now using the Intemet.

(This automatic method is the easiest way to authorize.  requires an Intemet connection.)

() Authorize at ESRI's website or by email to receive your authorization file.
() Authorize your software from a local license server.
S 1] =
(S~ ok T -

o i =
(| Anthorization Information
We will vz the fallowing information to verify our records and authorize your vse
of the software, (¥ required field)
“First Name: |
“Last Name:
“Organization:
Department:
“Address 1:
Address 2 I
= |
*State/Province: |
*Zip/Postal Code:
“Location: United States =
f *Phone Number:
|
“Email:
Comment:
|

Optional user-defined authorization description.
,
(6)4 » s + ¢

=1

S

T - Lodl
y
<1
Software Aunthorization Number
Enter the authorization number for your software product
ABC123456789.

The authorization number consists of three letters and a series of numbers; similar to

ArcEditor Single Use

(7= &+

CERR S L

A

l
3 AP b
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- o
Software Authorization Wizard.
B

. m— -

Anthorize Software Extensions
Pleaz select an option below.

Options

(7 | do not wart to authorize any extensions at this time.

@ | have authorization number(s) to autharize one or more extensions.

Extensions

3D Analyst

Spatial Analyst
Network Analyst
Publisher

ArcScan

Data Interoperability
Geostatistical Analyst
Tracking Analyst
Schematics

Maplex

Authorization Number:
EVA413019238

EVA413019238
EVA413018233
EVA413015238
EVA413018238
EVA413019238
EVA413015238
EVA413015238
EVA413018238

EVA413019238

OEEES

SnﬂwnreAu(}mn‘zntioLI' & w-u - —

[<E—#m|[FTHa-] [

L]

Authorizing Software

i

Authorizng Software

Overall Authodzation Progress 1 of |

(= )% #SQL EXPRESS
1 ~ BLiE B software

SQLManagementStudio_x86_CHT.exe

2 H

)\ﬁ/ﬁ

SADN

~

e

_Q

==

¥ horized and is now ready for Use

=)

\ ~~

7}.'.4'1-7

SQL Server % # ¢ < » B
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QB AESEHIE O = FEAE

HY ;B8O REEETE

BTIEEWEREOTEEL

QBmax = iBOFFFE 679278677

HC : iBOEREEIE

EO : EOER

[ A4 E 5 H tR T
1T

W1-133E @k

tt45 7-19
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%42 (m)

655
650
645
640
635
630
625
620
615
610
605

72 3 600m 100year

-60

-50

-40

-30

-20

-10 0 10 20
#owR

30

40

50

60

==1t=(. lhr
—-t=0. bhr
—*=t=]. Ohr
=>&t=2hr
“*=t=3hr
~@—t=4hr
~+=t=bhr
~==1t=6hr
t="Thr
~o—=t=8hr

W 1-14 o 25K % 1
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¥ # % SOBEK 1D -k 5%

- ~ SOBEK #-3¢ 13—'.%45’}%

SOBEK #-3' % i= j# WL|Delft Hydraulics = & ##7% » 4 -

BEREER AR PR R RB R F IR B Y AR X s

SOBEK Rural ~ SOBEK Urban 2 SOBEK River = % #i53% » ¢ 2

RS PR R R TGS s A HC e s 4] (real time

control ) % & # /i (overland flow) Z 4% » g* + & 272 »

TR TORSE kA2 KT R 2 R RRBHR  BP R E KT R
PRAFEFRE A RELTLH o

i

SOBEK #i£5¢ 12— #j7 i #-e (channel flow module, § # CF)
ARAF OVERELERIEN (RR) et F i st o oot

7S E - g ifice (overland flow module, i # OF ) » By
FRIREE N 2T R0k T S bR 2 R R o B0
P ERA X ;@ AL T 2 VR RR e
TTehmz e ~ v ke 7 e (L) W
2% T R SOBEK "k~ #3782 " & iZyn A 45 ~ KB H N2 F R
};’]’3

R BN (MR R SRS
SOBEK #i£3\2 -k = & #7974 * Sacramento "% & -iZ7n 7% o
LB R0 R L AR B oK R $i25% (Stanford watershed model) 3 A& -
Prdt S d 3 0 A 1T 2 & - AR FREF S N 4
TAEE s TTRE S B - P L A #2558 (physically
based model) > % 44 2 Jf;.‘a%zrﬁgl 2-1 % B 2-4 #7177 o
(- ) 2-1 5 "% &% FIRE0n 2 W B 347 0 0% E E A 300~ BB AT ~
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BE R TOREREPES > X kR 2 B B i 2
PRS0 BB E IR 2 ARM R A SR T

22 S
2-/n- L -i—IE—"jLEL Ve

—»

o A RILRCN B R P kiR BB AR o

o f "
—— '_ '_-_ =
t- Y J ™ TENSION WaTER STORAGE i
UPPER ' i
FOME \\ L

- - A= .- !
rFlEE'l.l.-:.:-I R STORAGE * fiRect
. b RUNGOFE
1 g SURFaCE #
|r IMTERFLOWS RUNDFF
q [} ¥
FRBSA ¥ ¥ SUPPLENER- ] g ¥
LDWEH[ FReE wiareR | [ e ||| TEMREN | eve ree
FTOME STORAOE BT HADE ETORAOE WETER L
LS STORAG E ¥
¥
[
k| ;
L - =
-—-
. -t

.h:lil-...___-‘ -
-

SUBSURFACE
OUTFLOr

(C)B22 5 B kRE2ZBitMAe > A XTSI ESE R
2 B eril Bt gL BE A EACTIAATHR L 2 JR B L f &

A (EE) R - MRERESFE
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SEGMENTS CONNECTED
BY CHANNEL AND
RE SERVOIR
ELEMENTS

SIMUL LT KM
IN CHOLHMMNEL:
prop agaton and
ate nuaton ot
1ov:

SIMULATION IN
SEGMERNT:

landpham ot
rain @all-runofr-
prooeccand
cnallestrdvers

W 2-2 %% R 52 GBS PR A B
(Z)F 2-3 52 K it 2 B F WAL - BB 2-1 2 g ondei o

Bk FRARZF A LB ARF 2 HEIERFEAET A

KFERFLP ML

Ivp dkFe s RBEMB (S k& - 2E kEdaind ) %
FRE B E

2~ 23 R RFE AR ook (K 5E 4 -k T (tension
water )~ p o -k pFE £ (free water) ) Z #4782 » 3 € (7 Bk
(interflow) ) »

3 2T R RF e FEE TOREEL (A4 p d kT E (primary
free water) ~ 4 =v p o -k p¥% (supplementary free water ) )

B (R )e

Bisd Lok FRLpLE o @WHBEL ENE o
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ET demand

4+— ET

q—}

INPUT

Precipitation
input

Tensien -

Subsurface
discharge

Total
channel
inflow

Flowchart of the processes that are covered by the Sacramento concept

()@ 2-4 $ &#

B PLE

’

o

W 2-3 "% ® T iE AR 2 AR

1P BT BRI R 23k FRS 4

EoRHRTIEGE O R R ok p T E HRIEUN Tt o B

% 3Zon2. 2 % (4395 Clark method 4 /s » Hprh#3 £ 2.5 »

H = s (unithydraph) 7 (83 4 8 i 7m & fF
i3

%J%*?%%ﬂﬁﬁ\ﬂ@ﬁﬁii%T%¢*

(ém%)‘*ﬁ~ﬂiﬂ$;L§’”@WWﬁiﬁ

g-}‘lmlﬁ-n °
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Time-area diagam

R

W 2-4rLndERGTLE
(7 )Sacramento "% & -3 4 1T S T

7 B SOBEK-k = 5% 2_ Sacramento s & -iZjx 2_ 4~ 12 £ i

FE P Ao T

1+ B K% &# (segmentarea): ¢ 325 k& 2 5 ka # (X T
% % 4ol 2-5 A1 ) e

Suface

| [2 w2 e [k O [km2]

B 2-5SOBEK & k% & %k 24 &
2~ ¥+ EB-E 21200 (Direct runoff) (B 2-6 1 % &

=8

)
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Drefinition:
Farameter | D ezcription | Walue | LI it =
5 |PCTIM permanently impervious fraction of baszsin 0.024
& |ADIMF fraction of bazin which becomes impervious as
T SAaRWA fraction of baszin covered by streams and chanrm 00125
W26 Sailnm it pxtds
3‘7%(%537}{&% I’L/I}" . % #E-}iq’ ‘g:-/n ’-E,-?L/{g,a PCTIM
( permanently impervious fraction of segment contiguous with
stream channels) - & & % & kg ff2 v &) > 7 1% - F-P dgicH
JHEEFRT SR R RENEREPITAESF e B 22
CIE R imin- e B opd gt
%ﬁ
HAZ2F ke fFzE&Tngqdirl @ 27 &
Quirg = | X PCTIM x 2, ## /t (2.9)
¢, Gun B Iz AR st R
A~FE 2 F KRG B e & B oR(pervious) i 0 X L tE A J2

R N A Y SR T T REE PRS- s =
A

(additional impervious fraction when all tension water

3 g B T 54 ADIMP

requirements are met) » # iz B EE 2 Fokd A2 v B T A &

THERIEET AR ANERMTEAGE T g2
%
. LT E R
8735k o (IS R WA 2.3)
oo E AR
ADIMP =3 175 7J<= 14 — PCTIM (2.4)
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ARG L BRI guir o ¥ AT

Y
AR

(2.5)

S Bk fem FFyb b i R G G oRM o deip R R lE A AT

b2 0t Bl 33K LS Hcs SARVA © — 42 SARVA ikt 54

PCTIM &2 40%~1009% o F]p- > & 4%3i&70 qdir3 ¥ % 71 Z

r;}. .

IS

Ugirs = | X SARVA X R{Z 17 /1

Sacramento #-5% % R FREAfE B EAE 0 H A R

A Gk o T R A S K F B (upper zone)E T E R i

(lower zone)» + & % 3 ¥ & = 5& 4 -k p¥ % (tension water storage)
% p o -Kp7E (free water storage) > ™ % e A =3R4 kR
doRPEFE - o 2 pd ARE A S A B4 4 kT E (primary free
water) 2 4%~ p d -k 7% (supplementary free water) = & o i #-

A BRBPOLRLER Y TITHAH P 4o T

(D2 A KEF (B2-7: XRTHG)

R 23z -k & (Upper soil moisture zone )
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At oS KRR ER T A kEd BRFRB N BIH LT
BBz A do R EALG Y REA REITE 0 B3R 2 S
UZTWM ( capacity of upper tension water zone (mm)) » ¢
RApdois > FIB 5 -RE- W22 pd Kk > - Wi

Plw e 26 o HY » wI[E &G INA &3

(54
Defirtion uzrt

efinition: Y UZF

uzt | DN\ UpPES ZONE - i

EREION free
ater water UZF

Storage capacity [ Al 1
Irnitial content [mm) AN 11% U
Crrainage rate [1./day] 02

WM2-7%RTinm i T HE2Z KT E G
(A) 7z 4t

WA RIEE R L AR RE - B0 S5

E. = EDx (UZTWC /UZTWM) (2.7)

N S ED =h AT i £ 4cE S UZTWC =2 K364 -k
PrE R 2 5ok B S UZTWM =1 k564 KprE k2 B4
kg

(B)iE i &

B R ES R E R Tk B xR x Rk R
(maximum storage capacity)F¥ » -k B 4 3 R op
EJ 7}<E?i“§% o
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UZTWMF] 2 st a 4 97 4£ B > — b kR4 k3
B2 RN Aa253175mmz2 B > FARD EER A Lo
ob iz B UZTWM ™+ 5 d Curve Number= i & {7 f

EN
&

UZTWM = 508 ( 100/CN-1 ) ( mm )
(2.8)

CNiE*— 9% % (rural) /3303 902 FF » 7= g 4R 2

Bt hpd kpeEk 1 i5d FERSRKE »ZIEPA
REFE A O IR S E kR T 2 0 HR TS
UZFWM (capacity of upper free water zone (mm)) » H #
14 & 10-100mm 2 [ o H 3% 24 B 2-7 4 0 AR T
73 ZPERC & REXP & %%t 4o 2-8 #7771 o p k2 4~
PSP Ao > 3

Defiritiar;
Parameter D escription 3l Unt |-*
1 |ZPERC  |proportional increase in percolation from saturate 10
2 |REXF exponent in percolation equation 15

Bl 2-8 HAERH AT HEPI RIFELFERELEHG

AZEF A E

$Ei< EDPF > 1+ B pd kP E A R FIEET £
I oA

E, = min(ED — E;, UZFWC) (2.9)
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;¢ S UZFWC =14 K p o kprE R 2 K& o
% % & (percolation)

FRp D OKEFE R }\ﬁiﬁd)\,yc—s},,,)\ﬂtig—r%
¥

» # ;%% £ PERC #13- B & 5
PERC = PERCytgem X UZFWC / UZFWM  (2.10)

;-7 > PERCyotgem =2 3T }%] 'k F;L % E R
UZFWM =t & o k7% & 4 5 K

Ik

.
’

Ik

o

FAET R R FE B OERT o @ 2B R R
—E‘QP?‘ :‘%“ J;[;%”T@] L}Fﬁxj ;ﬁg ]l\‘.gPERlendem
i i%afkfj&ﬂjﬁc;gmg o

PERCmin.dem = PBASE = LZFPM x LZPK +LZFSMx
LZSK  (2.11)

FF o LZFPM =2 T R ok e h O K REE L b

Pk (REE S SR FI2-11); LZPK =2 7 § -k
FAdepd REFEF -kl S3ETE KA
ep A KREEFRTREY o R X PN S5

1 A on g (base flow) et &) 3 LZSK =2 3T

2@ A § (base flow)st 5 o PBASE 7 5 & - &

s ®  (minimum demand ) -
45 7-30



RS B O SRR R AR EE S N
TSR BERETIALT A IRk 2B
2 £ § PERCmax.dem - H 3% %_%# 5 ZPERC
( proportional increase in percolation from saturated to dry

conditions in lower zone) » H it iz = j

PERCax.dem = PBASE(1+ ZPERC) (2.12)

#¢ ZPERC=% AT KRR A 2B F LE > LA M
7 E AR 2-947 7 o

-
~

M |

[REXP= 15| .
i RE:(F‘r-d.il ‘“‘m\_ .

[REX F=9 \ =
PB&EE'\__H HH"*-M_____L H-‘“""‘---ﬂ___h_hhﬁ

|3 e e e e T H--_\_""‘“—— =

[

zrire [ —=7
pd

—p MEimUm parool dion rate

v P e an T - wa - -

=  Losvesr rores ol modsbure deficlency ()

W 2-9 ZPERC & REXP 2 B #( 34 % ik :SOBEK User Manual )
i ¥ ZPERC >1 - 1 3% + > PERCact.dem 4 %
PERCmin.dem ¥ PERCmax.dem z_. & > %]} » %%

PERCact.dem=3+ & = ;% %

PERCact.dem = PBASE(1+ ZPERC x G) (2.13)

'/ﬂé ’G\?‘?T‘k,‘;':

Wt 7-31



G- D (lower _zone_ capacities— lower _zone _ content)}REXP
D (lower _zone_ capacities)

S

LZTWC + LZFSC + LZFPC JREXP

G=[1—
=17 WM + LzFsM + LzFPM

(2.14)

¢ REXP 3 » #idcs » LZTWC =7 & 2 #i-k o8 4
KEEE R 5k BILZFSC =7 & 2 Bk FA L p o KpFE K

Fok® LZFPC=T K2R F 4 kpvE A 2k E
LZTWM =7 f 4 K F5R4 KpFrE k2 5% 3 k&

LZFSM=" & 2 -k Fates p o -KprE k2 5 3K E o

§ 7 4Ok F R K eANRT 5 G=1 5 PERCyogen =
PERCmax.dem ; $ < é_’l _—_} %?J{ ?'fﬁ, /§ 7‘k ﬁ?’r%‘/\%—r ’ G:0 ’
I:)ERCact.dem = ERCmin.dem °

- 4 ZPERC & /i »+ 5 7] 80 2. F » ZPERC g 4%+~ » /% I =
ToRzZ A%< oM REXP E- 44313 3/F > F]2

FEFEA 5 2R > Amstrong(1978) 2 & Kk ok 2-1 47

7T °

D $kE D5 PR LR F A RRITEE-RE x0T k4
oK 2 %% % 8 (PERCact.dem)p » + & 2 -k p
d ,J;E?{r;@iykiiﬁf@ﬁ;’ﬁ 2 S TN - S-S

(interflow) ginterflow > H 3k 2 %#c 5 UZK (upper zone
e 7-32



lateral drainage rate ) » # 3+ & = 3 %

-t 4 &

Qinterflow =UZFWC x UZK (1.15)

FP o UZK=1 KRB LBk il A
THEKF A R ERE TR EY BB A

;R R B

% 2-1 2 & #ge REXP M 2 (SOBEK User Manual)

=oil classification REXF
=and 1.0
satdy loam 1.5

L oamm 2.0
silty loatn 3.0

| Clay, st Sy

n*viﬁ';’,/%i:} HoKF A D RPEFE R 2Tk E AT R 2
KFLBEFRE A B P Bk EPRER K

TR ke in

34

= % ¥ £ & % (surface runoff)
gsurfacerunoff - UZKi& - 4% 4 >20.18% 1.0/ » 2 E"g ¥
X HCH Ao @ 0 Ao B]2-10%77 o
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-
=

=
w

//
/

/

UZE (fracton parday

= =
h ot

=
-

=
=

5 [ r g a 10

-
n
=1
=

Hum barofdays N

W 2-10 UZK £ % #c2_ B % ;% (SOBEK User Manual)
(2T K kF (R2-11:x2Hs)

LZ
LZT LZ
---------------- | [FOIE: —memeeseneeenes
nEion supplepental Timary LZ
water free iater free water
110 150 150 J—
LZ
100 140 1y

Drainage rate [1/day] 0.0& 0.004 i LZ

Bl 2-11 Ry TR IR KFREFIFERIHG

A~ TR IIEKFRS RPFEE B X T4 E LZTWM
( capacity of lower zone tension water storage (mm) )> 323 + >
FTRIFERFPIRITFRZ OB REEALENT R IHEL
FoR4-RpEEA? B IGFRRME R €FEMI TR
F 3R FA o p d KRBT E & (supplemental free water) 2 T & 4
JBoRFA 4 p d kBT E & (primary free water )o § % Fin v

WABE KRBT RN IRENTEIHERFH LI RIFEE
it 7-34



BT HCK AR ) REEE R 0 R P TR LA

RF%A RETER 2 » %K E PERCycgemLzw
IDERCact.dem,LZTW = PERCact.dem X (1_ PFREE) (2-16)

#¢ "PFREE =3# k& § 2428 > T R 23 -KFatLpd
KRR A TR KA D KRR R G

00X 05 - (B2-12: % T3 )o

Parameter Description Waue | Unt |2
1 |ZPERC  proportional increase in percolation fom saturate 10
? |RExF expanent in percolation equation 15
3 |F'FFIEE Ifractinﬂ of percolated water directly to lower zon 0.2

W2-12%RiZinmy 27T TRpFE2 3%k 2da
(A)** T & 3 K FAFA%A » % EI+E2<ED pr v =
LER: 89 N i ¥ A
(B)t<® E3 7 % 77
Es=(ED - E;— E; ) x LZTWC /(UZTWM + LZTWM ) (2.17)
C)% ™ % 4 ig,}\};gg 4 ,};Ea‘r{xg}%iga‘r,};i < 3 E & PFoR
BPF o K TBASERI TR REFE R o

B TR IMAFA LD KpFE R HX T 4% LZFSM
( capacity of lower zone primary free water storage (mm) ) » 2

BoKF RS RPFER 2ZPTREE AT R IPRFA P I K
Hid% 7-35



i

34

K 0% % -k £ PERCact.dem,LZFS ¥ % 7+ = :

2R
PERC act.dem ' LZFS =1- [PERC act.dem X PFREE x LZFPM « P ]
' LZFSM + LZFPM R, +R,

(2.18)

Rs =1- LZFSC / LZFSM (2.19)

Rp =1- LZFPC / LZFPM (2.20)

TR AFH A S RFE

{i‘f'—ﬁ # K & Qpasefiowsim 1 2 & 2RI

R

BTk A

|k
]

\4
=

Ny

Qbpaseflows = LZFSC x LZSK (2.21)
AT R AR FA AR D KT E R 2Bk S L Rk

B KTRLE NI TR IR FA D REFER o

CrTRh A KkFsdopd kpFE Ak @ X T %8s LZFPM

&

v

( capacity of lower zone primary free water storage (mm) ) >
TR LR F A A R E R B Sk

PERCact.dem,LZFPM * % 7+ :

LZFPM R, |

PERC s zrs =1~ [PERC s aon X PEREE > 7 ey oo “ R4 R
+ P T (2.22)

TR KRR Bk 0 R R
z

) —_‘,L"’:;“l:
A HE S NG

Qpasefiowz = LZFPC x LZPK (2.23)
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H &
ik

Qbaseflow =S

Qbaseflow = Qbaseflowl + Qbaseflowz
7~ " %
FEP G By g T avk e FARE o P @ AT
r 7 \),

L

R4 & FEqdirectrunoff ~ ginterflow ~ gsurfacerunoff ~ gbaseflow

wﬁﬁa’agﬁﬁﬁ@ﬁé%ﬁﬁwﬁi%ﬁ’Mﬁfﬂ%

5 (B2-13: o) o
Defirition;

Parameter | D escription | W alue | LI it
7 |SARVA fraction of bazin covered by streams and chanre 00125
a2 |SIDE fraction of bazeflow not observed in the streams 0
9 [550UT  Jsub-surface outflow | 0 [mm/dt]

W 2-13* AP 2 HKTE S
(1) 7% 3 4¢

P RBOEFRETE NG

1

E, = EDx SARVA (2.24)

(A& g BiEp4

BRI A A E

Obaseloss = Jbaseflow /(1+ SIDE) (225)

U

¢

, SIDE=fin £ B4 ik

() D A

45 7-37



BRI AR R g IR R N B R AR I
% (channel loss) > Sacramento #i-5% 12 % #&SSOUT 4 7 i@ """ 4F

4 g o

2,35 N b Nl | y \J: N 5 ’ 2 , D
7 é\- AL ‘/u‘u‘gE_L_l;’i’JfE—’L\ ¥ "? = DS B+ £ 1 —EE_L_Q‘E’

<

Q = qdirectrunoff + qinterflow + qsurfacerunoff + qbaseflow_ E4 - qbaseloss — SSOUT

(2.26)

Bis A 5d Hi v i il B KEm
B PE 2 ZRE > AR AP0 T
P k1% % 27k (2005) P B s Lin
KERIFEAR kS 4R 2 a‘ﬁ 4 0 ZPERC ~ REXP ~ ADMIP ~

SARVA -~ LZFSM ~ LZFPM ~ % LZSK %7 %83 58 %

Parameler Defaull value Cefaull minimum Deraull maximurm

Adimp .01 0.00 1.00
Lzipm 40 ] 50
Lzfsm 23 8] 50
Lzpk 0.009 8] 1
Lzsk 0.043 8] 1
Lziwm 130 0 400
Pctim 0.01 0.00 1.00
Plies 0.063 0.000 1.000
Renp 1 ] 3
Rsarv 0.3 0.0 1.0
Sarva 0.01 0.00 1.00
Side 0 8] 1
Ssout 0.001 0.000 1.000
Uzfwwm 40 5] 20
Uzk 0.245 0.000 1.000
Lizwim 50 ] 100
Zperc 40 4] 80

(54 %k : SOBEK User Manual)
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=~ R EHSS
() e g
- By e R 245 4 (staggered grid)

3R iR 425 - SOBEK i3t ¢ Bz FE TS

NG E T E S RN 4T

+ = i,
ot Ox 'at (2.27)

f

@+£[Q—2]+9Af@+ 92Q|Q| —w, i g
ox  C?RA, P (2.28)
F¢ o QiumE s shikim i Rik+ Lz Ga B
g2 @ ring s AFCJR% @ 5 C  Chezy e s WE: @
i ;-SRI W (RS O
(= ) HEp
1~ e (3K e W 2-14)
SOBEK #ifths - H#2 k1 i > M T4 R
UNETI N TS U F o) aE AT

Q = IUAf v 2g(hl - hz) (232)
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Lacation i| Crasssection | Friction | Defauls |
‘ Type
Looation | Bridge | | Defauls | PP i
vl %”1 Abutmnent r|
Tupe
|Fillar [=] Dimensions
Battom Level: [g [ above datum]
Dimensions Lenglh: ,2['7 [lTI]
Bollomlevel: ;- [m above datum]
Length: |20 [r] General
g i Inlet Loss coefficient : 0.25 I
eneral N
Total Pilarwidtn: [+ [l Outlet Loss caoefficient : |0.25 Il
Form factor: [1.5 [
Possible fow direction : v Positive v Megative
Possible flov direction : W Positive [V Megative

® 2-14 *ﬁ#"‘r% P
2~at v (R TAcH 2-15)
COF R TR R T
G s B

AR

Q = CstAldg\/zg(hl _(Zs +1udg))

(2.33)
(2)(%‘/}11 'l:h‘;’"ﬁ(hl_zsZ dg _E' h2>zx+dg)

wIN

Q = CWWSIUdg hY, Zg(hl - h2) (234)

0% O B R ekl Wstdt e A S dg
TR ZSIIVT KRF AR

,hl—zs<zdg .
3 # 3 TRIAR 5 ¥k A L EJR o
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Location | i| Contmller | Defaults |

Location

width:[2 m]
Crest lewel : |07 [m above daturm]
Initial Opening height : 0.2 [m]

General

Cantraction coefficient 7: |0.63 [
Lateral contraction Ciws : ’17 [1

Possible flow direction : v Positive [ Max o

v Megative [ Maw o

W] 2-15 3¢ T ot Sk (1)

Location | Orfice | Cantroller | Diefaults |

Cantraller type

|Nnne j

Noe
Time
Hydraulic
Irterval
FID

W 2-15 3* v # 2 £8(2)
3~ 3% (3K T4-@ 2-16)
AT O AP 4 FRE BEIRRA fEIIR 0 TR A ]

- - _\ oz 5F
T NS

(1)E] ‘—j iE<(hl_zs<§dg—EI hl_zs>g(h2_zs) )

3
2

2 |2
Q = CWWS _\/_ g(hl - Zs)
3V3 (2.35)

(2) Hix 5%

2

Q = CeCst[hl —Zs— u_sJ\/ Zg(hl - hz)
29 (2.36)
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NY s Ce R Al G E)ﬁv]ti{ﬁfﬁs& ;s Wt 3%
TR S Us: FRTRRIE 5 Zg FRTE R AR hy ¥R P 5K
h, :

Location  |: ! Controller | Defaults |
Lacation
wfidth ;|2 [mn]
Crest level : |0.7 [m abowve datum]
General

Discharge Coefficient Ce : |0.8 [-]
Lateral contraction Cw ; |1 [-]

Poszible flow direction : [ Pogitive v Megative

W 2-16 weir #7§ $¥

Location |~ Universal Weir |

‘ Defaults |

| Cross section | Defauks |

[ross sections

Dimensions - -
Type: |Asymetrical Trapezium =
Ciestlevel: ] [m above deun] [rass section: |Delau|t j

Dimensions

Gieneea Battorm width [m] 7
Dischaige Coefficient Ce: [1 [ 200 : i i i ! ! i

2490
Passible flow dirsction : [ Posifve 2004
v Hegative 150 ;
1m :
T T T T T T T

® 2-16 (&) universal weir #r & $%#
4~ 3k (B 2-17)
SOBEK & & idiff 2. = I &2 B i 1§k ik il B AR 1R
R I S R S E PR S

Q = A /29(h, —h,) (2.37)
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Location |E Cross section | Friction | | Defaults |

Type

|Culvert ﬂ

Dimensions
Left: Right;

Bottom Level - g [ [m abowve datum]

Length: (10 [m]

General

Irlet Loss coefficient ; |0.7 [ [ Walve
Dutlet Loss coefficient - |1 [

Poszzible flow direction : W Poszitive v Megative

W 2-17 ;& 78 S

EFREPAVTRGRR
k4 % £ F 2. SOBEK-1D i@ "'k 2 ~ KIZHIN 5 4o
Bl 2-18 %71 Atk E P A, (6 H = §
LR B R R ANUGECNE N R T =
w e B 2-19 from 0 & B B Eiis 2 SOBEK-1D @ ok
2 ~RIEHRSN o
$d “r& § 2 SOBEK-1D 5% 3 & p i
PRt Fm kBRI F 03
ﬁ%ﬁ?*ﬁ§§%4 5?7
FAFHFTAHERL 2 L

N

w N

‘-‘(‘\‘
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W 2-19 & 5% SOBEK-1D 2 " & iZif g1 R 458 §
bR AT B R T
(- ) Fm-kE A2
HI L R R B ER AT RG] B E BEL
PSR R P Bk D 2B~ AT HER PR B 4o 2000
£ 81 9P WEHMFTFIES 10 448 © 4oR)
2-20 “55% » fy %A 15 BRE OK o
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- X
Tirme sethings Simulation seftings | Advanced setting: | Bestartfiles | Interactions | Outpi
Simulation timestep:

day  hour  min IBC
Time step in computation: = | 1] | 1] |'IEI | 1]

Simulation period:

" gimulation penod will be derived from meteorological data

f» Simulation penod defined as below:
wear  month day  hour min FeC

Start of gimulation: ﬁ|2lﬁll]9 | 3 | 9 | 0 | 0 | 1]

End of simulation: ﬁ|2una s [a [s8 [0 [0

W 2-20 ﬁ:ﬁﬂ??ﬁ’ﬁ] »
HA2: B 3 ( Meteorological Data) - % iE"%
& 7o (BLiE editevent) > K EA £ FHL 0 2
B Ao 4R B 2-21 F :Lbaﬂ@q]
~ o e 10 A4 45 10mm > = 18 3 A e
AR 3 B \ﬂig.l »~ /i & (schematisation) > 4- ] 2-19
T e d P MR EPF A R o EEIH N
be xS HESUN (B 2-22) 0 BRIE weir 0 3%
+ 4t model data $oif - & MW F R T
(® 2-23)
W2 4 BRE IR RGP b AFatE & i (sacramento)
AR R a2k EE P doB] 2-24

45 7-46
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%5 :

# 2% 6

420 = =

EA ’ﬁ;gﬁ’\?ql? °
S 150 TR -

o

Enter a new name for thiz station:

42 - i 2
d B
6 B 32

Roif

ki

Timestep Yalues in mm's per imestep
Date Time r

[ddmrn ] [hhcramn: 22]

265 08/08/2009 232000

286 08/08/2009 2330:00

287 08/08/2003 23.40:00

288 08/08/2003 23:50:00

289 09/08/2009 00:00:00 []

290 03/09/2009 0o:10:00

291 03/08/2003 00:20:00

292 09/08/2009 00:30:00

293 03/08/2009 00:40:00

294 03/09/2009 00:50:00

295 03/08/2003 01:00:00

296 09/08/2009 01:10:00

297 03/09/2009 01:20:00

W 2-21 Y%iEx &

3 Add node i

-” Add node manual

‘:. Add connect

%] Connect add

'\{. Split connection

1 Mave nade

'EI Move and cambing node
x’ Delete node

"-Q Mode tupe

R Toggle calculation point
Rename

Change 1Ds

Properties

(2) 2:% add node

(3) 2:iE Flow-weir

General

[% Mo edit action
BB Edit settings

[ 12, Flow -
[E> 13, Flow -
[B 14, Flow -
[+ 16, Flow -
[ 17 Flow
[<> 18, Flow
[ 20.Flow
[ 22, Flow
[ 25, Flow

S

ZFlow Model

Connection Mode

Connection Mode with Storage and Lateral Flow

Boundary F 15, Flow - Calculation Point

Fiwed Calculation Point

- Measurerent Station
- Lateral Flow |i 19, Flow - Crozs Section
-wieir [f 21, Flow - Uriversal Weir
- Orifice E 23, Flow - Culvert

- Bridge E 26, Flow - Pump Station
[¢ 33. Flow-RR Connection an Channel

|ﬁ 34, Flow-RR Connection on Flow Connection Mode

Reach
f Add node to all reaches
'\\/ Delete reach

\f.{ Delete selected reaches
‘i{ Delete unselected reaches
% Toggle calculation point

2 Reachype

Change IDz

1%, Reverse reach direction

".‘ Calculation grid reach

".‘ Calculation giid all reaches

\"" Uszerlength ieach

/

W] 2-22 4e > 3% F A
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57 Data Edit for Node 75 -4

Location | “weir | Controller | Defaultz |

Location

“width ;|40 [m]
Crest level ; |415 [ abowe daturn]

General

Dizcharge Coefficient Ce @ |0.8 [-1
Lateral contraction Cw : |1 [-]

Poszzible flow direction : [o Posgitive v Meagative

0K I LCancel | Help

W 223 ML HETR

L

2 Data for Sacramento node

Location | Area | UnitHydiogiaph | Capacies | Rainfal station | Defaults

Rainfall station

I B
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Side¥iew - [CASOBEKW7Kaopin litvworkinetworkl] .id=]

= File Edit Wiew Option: Window Help

& &3 [ @ | | Wy mn| =5E

03-Aug-2003 02:20:00

B 2-25 -] +RIR B 35 b 4
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YEAFE T2 A E

—

1}‘7;}7%\'—(]”}’3_%}2“"% ;}5,,,,_“,'_,,,%]':'&,‘!:. r'r’"’fr'l’gl I %ﬂ
BHFEE R o 4oB 2-25 F R 5 02:20 F) HEEPF R 4 00:00
A= £ 140 £ 48> & 7 140mm ' & £ » f]éji‘%'v“ ie A

MILIFE RN o

L 0 T

B L BECRCS ~ 4 6 0 4ol 219 SEm o 245
RS LY RS e
Bl > 4o @] 2-26 > ¥ #- BREACH 054 48 7 i 4
HERE S % 9

HIF2TRARA G 0 T RO

%%31%§%&ﬁﬁﬁﬂ’%%ﬁ2%&&“%&ﬁ

TIEPRER o 4rdk 2-3 9157 o

it 4 7-50



Netter - Delft Hydraunlics - [network niw]

P File Edit View Select Options Took Help

09/08./2009 032700

|d|oe 3 @aneh | wes el RAmMES] 0| | s % Noedtadion -5 - -] || 2
—
Legend B x | {d
- L =
v Map s ?"\
I~ Hetwork Hodes = _— g
P Hetwork Branches “z= Data Edit for Node D2_1 4, BL:E Add node
Location ] Lateral flow I Defaults ]
1
g =
Discharge AR oA g
\/ 3. e rITERHCE 54 Adhade
‘® Cemstl: % Add node manual
" Function of time : I Save to tables library 2 Add connect
" Refer to tables libran: .\\! Cannect add
<53 Edit Table K 5plit connection
"1 Move node
Add Fow | 'QI Move and combine node
| | &Flow Model =7 Delete node x|
N Time Dizcharge = Inzert Row | R -
. ] (hkemmess] [ma/s] ,i 12, Flow - Cormection -5, Mode type
1. ﬁ;'%l » ‘?\ 7}’, D3:00:00 & Delete Row(z] | [€F 12, Flow - Conrection By Toggle caleulation point by
DafDSfDD 8 ’i 14, Flow - Boundary [ Rename
03:08:00 2 Copy | .
4 03:03:00 1441 [® 16, Flow - Fixed Calcu Y
5 |09/08. 03:12:00 5383 Paste | Properties
£ |09/08/2009 03:15:00 5550 — [ 17. Flow - Measureme
7 |09/08/2009 .00 5178 — [ 18, Flow - Lateral Flow [WF 19. Flow - Cross Section
2 |09/08/2003 03:2T 4936 J . . .
4 |0a/08/2009 03.24.00 a2 ’i lowy - eir ’i 21, Flows - Universal ‘wair
10 4447 ;

ove - Orifice ,i 23, Flows - Culvert

11 |09/08/2009 013:530:00 4205 ) ;
12 |09/08/2009 03:33:.00 3966 v -Bridge [#4 26, Flow - Pump Station
13 |09/08/2009 03:36:00 3734 "RF Connection on Channel
14 |09/08/2009 03:35:00 3497 ey t o o N
15 |09/08/2009 03:42:00 3263 ion on Flow Connection Mode
16 |09/08/2009 03-45:00 3052 -
17| 09/08/2009 034300 | 2056 5. EhiF Flow-Lateral Flow
18 |09/03/2009 03:51:00 2671 Generate Table | . |

—] 13 |09/08/2009 03:54:00 2496
= 0a/ne/003 03E7-00 Graph [ 210961.587 , 2563559148

53 Netter - Delft Hydr..  CH B 7 &) FF0640

B 2-26 ] » i TR SakE
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% 2.3 P PR FAEE PR

. LM i BT
e He G i He At
(hr) (hr)
T 0 BEL 1,67
TR 0.17 T 1,67
, TE! 0.34 e 1.84
L fox 2 0.34 1 .84
o %R 0.5 e 2 2
“a g 0.5 ETY 2
Frea 0.5 ¥ L oz 2.17
A 0.67 s R ] 2.17
] 0.67 Ris2 2.34
1iHhe 0.84 “ae 2.34
Al #7a 2 0.84 e 2. 34
FEX] 1 ) 2. 67
! 1 xk g 2. 84
Vi1 1.17 5 %1 3
- d1a 1.34 I, A 1 3.0
e M2 1.34 7 ¢ fott 317
Rfrd 1.5 - _
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% 4% SOBEK 2D i# -k #3
SOBEK-2D i ¥ i (34945 = Aimdlids 4 s 4o T

A
oh , o(ud)  olvd) _, (3.1)
ot x| oy
il P
N ML g M+au|u|:0 (3.2)
o ox oy a

ov v v oh M
—+U—+V
o ox oy “oy ~cid

(3.3)

R XY=RR R I B AR WYEXY S o T
soiiid  O=RRT ¥ A KR a=§%@%ﬁ%@t:v=m :
Wz 2% T 0 ffﬁfﬂflj'** g d 2. i (2Dgrid)
#7r 0 2 dgd Netter £ 2 5 5 % ~ GIS 2 Bl & T2
GRApE T R L SRR TRy TRRY A K ST -
- SR AFTH
1 3 255> RIFR A P et sc? T4 (DEM &
DSM) 5m*5m F#L (¢ #1F#)
N 4%3 | % Aflepxj}’;g*lzﬂﬂlyj 2BNR
S HEGRIF e

PR
1 ~ Surfer 48 ~ UltraEdit ~ % &2 48 ~ ArcView -

2 ~ ArcGIS9.0
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~ SOBEK #25% % 2
i& » SOBEK M g% SEETING it i7

—F‘ﬂ;
(4'4}

&

Case Session  Simulation messagess  Options Help

(1) BLiE Setting & {7
B d

(3)BE:E Setting :& (= edit

- Vitings for Overland Flow module

= Sinaulation setting: #ldata | GIS Ouputoptions | Ineremental Outpur | History Output

 Active modules: fn mode:

t & simulation mode fram the list: Method of oveMiowing 1D-channel.

¥ Rainfallunoff

" assume no embankmerts

v Charmel flow

un rainifall-unoff module, then channel flow module simultanzausly with overland-flaw module
" assume highest level of embankments

( ¥slime Jawest isvel of
© useleft and right levels as diff

iritior of data in Digitial Elevation ( 6) %g K§ ES
234
atdata ] % %,‘\ . N
e restart data |— § N 1B % ﬁg—
doCRE )

| Seuwer flow

Flowdiagram of simulation mode

I River flow /
[ Realtime control

[ water Oualiy Edit

[~ Emissions Edi

| use precipitation and ev:

Bun TIE module then channel | dule simul ( 5 ) ’gég ’7
(2) gz overland

it 45 7-54



"

Initial data 3% =_

Active madules, Simulation made!

I e = Select a smulation mode |
[ Fun ainfall st modde

v Channelflow Edi |

I Sewer flow i |

Realtime cortrol Edil

Water Guality Edil

<

Overland Flow

Run rainfallmwnalf m

GIS output options

&

Case  Session  Simulation messages  Options  Help

| S— ]

- Active modules

Select a simulation made |

Run rainfall-unoff module

[ Rainfallunoff

[ Channel flow

[ Sewer flow Edit
I~ River flow Edit

[~ Realtime control
[ water Quaty

I~ Emissions

[ Overland Flow

I~ Groundwater

Run rainfallunoff m

Simulation self GIS Output options | [nerementsl Output |

define |ocal inilial valuss per 20-gid in <E it Network

History Output

o
T3 Microstt Power?

Ser  {for Overland Flow module

Simulation selfings | Initial data |Y_GIS Outpul options

Timestep outp

Each * 1 timestepls]  This s similar to fddhhimmess |

Output

[V water depth B chy. t_wet/class, _drp/class, dd/de

[V water level h_max, {_hmax

Jv welacity c_max, L_cmax
ASC-Dutput Oipt
|7 1+ create ASC-oultput fles for water depth, water level and velocity ‘

=

Incremental Output | History Dutput

(7) BEF
ﬁﬁﬂ’.:ﬁﬂ

#‘

e EETR ]

a0 O A
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Overland flow-Incremental output

&

Case Session  Simvlation messages  Options  Help

(8) BLE T4
KRR EEE AR

SRR

Simulation setings | Initialdata | GIS Outputoptions | Incremental Output |

Timestep output [same 2 Channel
T = Select a simulation mode |
FAun rainfal-unoff module Each timestep(s]  This is similar ta [d:hh:mm:ss:] 00:011:00:00)
¥ Channel flow Edit
[ Sewerflow E Output Parameters | | Classes for incremental file
Parameter
Iv water depth
I~ River flov: Edit Humber of classes:
I water level
I~ Realtime control £ % valocity H< =
<H<
I wiater Quaiiy v velocitylu companent) 05<H<
076 <H <
(D B v velasitly companent] H<
175 H<
| Dverland Flow 15<H<
175<H<
[~ Grounduater <H< 225
225<H< 25
Run rainfallunaff m sis

Settings for Overland Flow module

T ——

isiony Huiput |

Simulation settings | Iritial data |  GIS Oulput options | Incremental Ouip

- Active modules: mode:

v Rainfalluncff Edt Select a simulation mode f

Run rainfall-unoff module Each j 1 timestep(s) This is similar to [dd:hh:mm:ss:] 0001 -00:00
v Channel flow Edit N~

[~ Sewst flow Edt
I~ River flow Edt
| Realime contral Edit

[ WeterQushy £ (9) # PR R
I~ Emissions Edt !

v Dvetland Flow

Timestep outp

I~ Groundwater Edit

E

FRun rainfal-wnaff m

FNETITI T O et Bine anun bwas i SR AREN
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"~ hematisation.

Edit mode]

Check Rainfall-Runoff Mode| ( 10 ) F\ %K .%ﬁ

Check Flow Model

Wiews Data Flow Model

Y Ele Edit Yiew Select Opions Tools Help

|8 D& o QAKO L He
Legend B x

v Map v

I~ Metwork Hodes -

I”  Metwork Branches ~

" DomainD2_1-D2_1:...~

Z-data (Model)
| Ready. | | 215580.394 , 2560006.011
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#H 2 11 ghE file>import>:E # @ (747 <7 20m DEM # @ 4r
up20m.ASC

i Netter - Delft Hydraulics - [network ntw] Q@@
¥ Fle Edit Yiew Select Options ITools Help
|@ns @ @ Q2 € b |
Legend x|
7
7
14 HHO: [ DEM20m - «®ekE-
o ] up20M
) UPlandused20M
FRTAI
@
SE
A
SRR
85 AT
BRW: [
WREBUD:  [Grid (Fase)

I 200813.404 , 2566284.333

#H 22 BhiE edit>model data>:E 2d-grid> 2E:E  edit

5 Netter - Delft Hydrautics - [nstwork ntw]

(= [=[x]
R Edit View gekct Options Tools Help
|@ne 2 QaETk wWEE s [VA@mEe i[n 4
Legend x \
vV Map -
" MNetwork Hodes -
¥ Metwork Branches  ~ S
¥ DomainD2_1-D2 1.~ 451 Model Data
I-data (Model)
. of nodes: 1
38 Data for grid_1
2D GridLocaion |  Grid CellBottom Level || Frickion || Grid Cell Frieion | Defauls |
- Fiiction value (boltorn)
Fiiction type —————
 Constant value -
© CHiBy (01
2D -Giid -] O
€ Manning frr] & Yarible
I Inchude names
\sobek\0chisan itynew_demtuplase D

& White Colebrook (kn)

- Fiiction value (side wall

@ Constant value 0

[0k | cocd | oo |

Fready.

D2_1: 210277.078, 2566782.073 , 164, 28 434 30
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¥ 283 BhiE friction%ﬁi%]/\%fgt}i “HcKn EA % %
’H? A’f' » B kER BBz H- 5o 4eniE s 0.0

D

ETIS

¢\g

DR A A S -
Fr 2GR FE R R ¥ -
Bt T ARGk B R AR - 2o

% o,
p“‘

#
1%
i
1
qg»

ETINS

(ﬂd\
w0
=
<%
i
7“_.
pecl]

B
¥
s
=
-
"
A

CHF-EAFT R ART
1 ~ 2% 2keooverland flow model - :% (40) 2D- corner->add
node ki 3 F iR -
2 ~ 2::% & a0 overland flow model > i (14) 2D-Line
Boundary—> 2k connect nodes i 4 = T i# A - o
B 2D FHEE 0 4vd BREACH B v i 287 7%
;;7“ o

%5«%‘

-~

i 45 7-59



[ - File Edit ¥iew 2elect Options Tools Help

| = D @

|® ey

I Legend

E x|

socation ] Boundary condition ] Defaults ]

Data Edit for link 11

£

— Twpe

= water level [h)

102D Connection

& flog (0] <\

" Q-H relation

— Walue

" constant value

+ Function of time :

= 1020 Boundary Connection Mode I

52 Edit Table

D ate Time Dizcharge
[ddrnmypp] [hh:mm:ss] [m3/s]

1 [02/08/2009 16:00:00 0.4

2 |08/08/2009 16:10:00 35.5

3 |08/08/2003 16:20:00 346

4 |08/08/2009 16:30:00 3228

5 |08/08/2009 16:40:00 E25.9

6 |08/08/2009 16:50:00 1015.8

7 |08/08/2009 17:00:00 1317.4

g |08/08/2009 17:10:00 15981

9 |08/08/2009 17:20:00 1827.9

10 |08408/2003 17:30:00 2005.9

11 |08408/2003 17:40:00 2125
Ready... 12 |08/08/2009 17:60:00 21368

Add Row |
Inzert Fow |
Dielete Row(z] |
Copy |
Paste |

2 Add node
‘,f Add node manual

'{J: Add connect

'\\1 Connect add

}{‘ Split connection

'EI Move node

'EI Move and combine node
x’ Delete node

"-Q. Mode twpe

% Toggle calculation point
Fename

Change Dz

Properties

J&Overland Flow Model
O 3. 20 -Grid

’i 37, 2D - Boundary

[ 38 2D - History

’; 39, 2D - Breaking [fam

’: 40, 20 - Cormer

’i 41, 2D - Initial “water Lewel Paint

Connecon

. Connect nodes
'&:' Add connect
\\1 Connect add
'\\/. Delete connection

'\.\C‘. Connection type
Rename

Change 1Dz

% BReverze Link Direction

14, 2D - Line Boundary
F— 15. 2D - Line 102D Intemal Boundary
i 16, 2D - Line Measurament

% Feverse direction repeat

Froperties

Link: 11,

| D2_4 213153.601 | 2562435.027 . 308 13 407.30

45 7-60



—

-—

FofAaL AR E

1 ~ 2L:% 2t overland flow model-> iE (40) 2D- corner—>add
node ZhiE 1 + 7 = o

2 ~ 2L:% & e overland flow model=>:% (14) 2D-Line
Boundary-> 2k:E connect nodes & 4% = T i B = o

3% E 2D eE R o dod R S E g g
B fRd L Feege o YR T INA K EFH AR (2D
Breaking Dam) > ﬁ%l CEMRZEC ARG T
BREACH #icst ehjg o 3t i 4 o

4 ~ 3 PR R A gE:E 20 Overland Flow Model =2 :% (40)
2D- Corner>Add node gLi2 & = ~ + 73 238/ = Ao

5~ B::% 4% 40 Overland Flow Model- i% (14) 2D- Line 1D2D
internal Boundary-> 2k:E Connect Nodes i 42 = T i# #t
Z Jawe

63 % 1D & 2t Flow Boundary-> add node +4c »
—>Flow Connection Node—>Add Node—> 2k:% 4 =17 Flow
Channel->Connect Nodes :# 4 - 2L:% Flow 1D2D internal
Boundary node—>node type % § Flow Connection Node
% Flow 1D2D internal Boundary node

7 ~ 2% Flow 1D2D internal Boundary node—> Add Node “c
BESS 2 g > BEE &7 0 Flow Channel=>Connect Nodes

m 7oA~ kER T #ic¥® Flow Boundary i iE it
9 -~ # >t 2D- Line 1D2D internal Boundary 3% <_i# % % i+ &
1D2D connection » 2k:% Flow 1D2D internal Boundary
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node -

10 ~ 2k:% Flow Boundary—> add node 4t » & 2L BLi%E 40 1
Flow Channel->Connect Nodes f 3 o 4v » 76 F i
Flow cross section >add node I $miB&7ra 7L~k A
¥ Flow Boundary :# 7 % i o

11 ~ % 2k calculation grid all reaches > reach =>flow cross
section - £ 2t calculation points 2>d2grid » 42> 4L

12 ~ ##E % 15 > 8L results in maps—> ¥t = B 2LiE depths
incremental > gz #+ 3 o

it 4 7-62



|dne @

Legend

v Map

| [ No edit action
E& Edit settings

Location ] Boundary condition l Defaults |
&0 ang x|
it ' : 36, 2D - Grid
" water level (h) @ flow () / v‘ Add nods E 37, 2D - Boundary
< Add node manual i
¢~ 1D2D Connection " Q-hlelation ' Add connect [ 382D - History
'\3 Connect add I_; 39, 2D - Breakip@ Dam
-~ Value - }\' Split connection mm 40, 2D - Comer
~Seonstorivaie 'EI Move node X 41, 2D - Initial Water Level Point

"'ZI Move and combine node

& Function of time : Tabls... I

¢ 1D

= Delete node
'\Q Node type S 14, 2D - Line Boundary

I3 Toagle calculation point -S_'-\‘ [ 15.2D - Line 102D Intemal Boundary
@ Rename :
@ Change IDs
Properties

L

Connecti

53 Edit Table .+ Connect nodes

i .. Add connect

\..J Connect add

. Delete connection
AL Connection type
[\I} Rename

@ Change IDs

k Reverse Link Direction

Add Row
Discharge | 4| Insert Row

Date Time
[dd/mmiyyypy] [hh:mm:ss] [m37s]

08/08/2010 000000  1375.016 L | Delete Rowis)
0&/08/2010 001000 1375015

08/08/2010 002000 1360.003 Cary
08/08/2010 003000 1331028

08/08/2010 00:40.00 1292015 Paste I
08/08/2010 005000 1259.008 -

[} Reverse direction repeat

W0 (00 |~ [0 O [ (0D [N =

08/08/2010 01:00:00 :1234.025 Properties
08/08/2010 01:10:00 11230.995 = - H5F
/!21 1 fZUEOU '124'7 ink: | D2_1: 212828.440 , 2563957.795 , 291 , 119 ,.906.90

&% DEM20m Q BREACH - Microsoft ... 011up dem20... 53 Schematisation 58 Netter - Delft Hydrauli...
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ECE N LY =y

v

v Location | DamBreak | Defaults |

v

v i~ Decrease in Height

Function of time :
53 Edit Table
Date Time L%V: rtinLg w.;.t.
[dd/mm/yyyy] [hh:mm:ss] [m]eve
1 |08/08/2010 00:00:00 0
2 |08/08/2010 00:10:00 0
3 |08/08/2010 00:20:00 0
4 |08/08/2010 00:30:00 0
5 |08/08/2010 00:40:00 0
6 |08/08/2010 00:50:00 0
7 |08/08/2010 01:00:00 4
il g |08/08/2010 01:10:00 8
9 |08/08/2010 01:20:00 16
10 |08/08/2010 01:30:00 24
11 |08/08/2010 01:40:00 30
12 |08/08/2010 01:50:00 32
13 |08/08/2010 02:00:00 34
14 |08/08/2010 02:10:00 36
15 |08/08/2010 02:20:00 37
16 |08/08/2010 02:30:00 38
17 |08/08/2010 02:40:00 40
18 |08/08/2010 02:50:00 40
19 |08/08/2010 03:00:00 40
20 |08/08/2010 03:10:00 40
I Ready... 08/08/2010 03:20:00
- 358 Sobek Advenced Versi.. | @ DEM20m

Generate Table I
Graph I

Add Row

; k No edit action’
B8 Edit settings

7 Add node
2 Add noffe manual
':: Add cofinect
] Conned| add
}.: Split cofnection
1 Move ridde

'gﬂ Move 3id combine node
x/ Delete §ode

\C; Node bihe
k Toggle galculation point
@ Renamg
@ ChangiDs
Properts

i| &‘ £E Iy No edit action '.*l:':

O s.20-

l_i 37, 2D - Boundary

[_‘- 38, 2D - History

[4 33, 2D - Breaking Dam
|—-— 40, 2D - Comer

li 41, 2D - Initial ‘W ater Level Point

»
g

.t Connect nodes
. Add connect

] Connect add

. Delete connection
A€ Connection type
@ Rename

@ Change IDs

[ Reverse Link Direction

[3 Reverse direction repeat

Properties

&Overland Flow Model
f— 14.2D - Line Boundary
f— 15. 2D - Line 102D Intemnal Boundary
B 16, 2D - Line Measurement

;‘} s

Import Table
T BREACH - Microsoft .

Node: 12,
% Case: -[2011up dem?20...

it 7-64

358 Schematisation

D2_1: 213168.502 , 2565316.326 , 308 , 51 ,790.80
558 Netter - Delft Hydrauli...

CHem B 7 &) FF 1002




’g Netter - Delft Hydraulics - [network niw]

gEﬂ-f Edi ;
| @ D& o

t

-3

QOptions Hel

@@

cation

Defaults |

~Type

te node
= type

" Add connect
] Connect add
2 Split connection

oG RS :ﬁ Hi\'ﬂ M\EQ\ 1 ‘W!!l&[}Noeditaction v.vFv{ H’J{‘
bt s | '. &Overland Flow Model :
i - o |
v Hetwork Hodes 2 l I3 No edit action f— 14.2D - Line Boundary .
v Network Branches  ~ ¢ Addnode B8 Edit settings f— 15. 2D - Line 1D2D Intemal Boundary
v Domain D2_1-D2_1:... ~ 34" Add node manual 16, 2D - Line Measurement
Z-data (Model)

e node

e gpdetbine node

O water level (h]

¢ 1D2D Connecti " O-h relation

- Value

" constant value

" Function of time

¢+ 1D2D Boundary Connection Node lg

ble calculation point
ame
hae IDs

erties

.+ Connect nodes

. Add connect
] Connect add

.Z Delete connection

AL Connection type
[M) Rename
@ Change IDs

[} Reverse Link Direction

O 36. 20 - Grid
[ 37. 2D - Boundary
[A 332D - History

k Reverse direction repeat

[4 39. 2D - Breaking Dam

Properties [m= 40, 2D - Comer

[X 41.2D - Initial Water Level Paint

&P~ « Model

= 1. Flow - Channel

[— 2, Flow - Channel with lateral discharge
[#5 3, Flow - Dam Break

12, Flow - Connection Node

2

low -Boundary [© 15, Flow - Calculation Paint

~Lateral Flow [WF 19, Flow - Cross Section
A 20, Flow -Weir [f 21, Flow - Universal Weir
22, Flow - Orifice [ 23, Flow - Culvert
X5, Flow - Bridge lz 26, Flow - Pump Station

Oy low-RR Connection on Channel
[& 34, Flow-RR Connection on Flow Connection Node
,i 35, Flow - 1D2D Internal Boundary Node

&Flow Model = |

13, Flow - Connection Node with Storage and Lateral Flow

i,

o&f Sobek Advanced Versi...

@% DEM20m

i} 45 7-65

206870.482 , 2552426.602




8 Fil- Edit &
| = D& @

Select

Delft Hydraulic:

Help

RA—FM L | M5

ool WK B B | i | e [[#€ O Caloustion giid sl resches - @ ~ = -| || 1]

Legend

Map
Hetwork Hodes

Hetwork Branches

KUY

Domain D2_1 -D2_1:
Z-data (Model)

< sSplit reach at node

Add node to

7.
< Delete reach

M7 Delete selected reaches
¥ Delete unselected reaches
k Toggle calculation point
C Reach type

@ Change IDs

%, Reverse reach direction

. Calculation grid reach

“ ‘\ Calculation grid all reaches
¥ Userlength reach

Calculation points

General | Beach | D2Grid]

—Wector - split option:
" Eull Vector
< Split by coordinate
@+ Split Vector

Node type:

lFIow - Calculation Point
Length:

=i

|00
|V Eguidistance

I~ Current View

¥ Use D2Grid

LCancel

it} 45 7-66




@@ o n wmes s MA@ Ee @ = asa

Simulation Results <
# User Defined Output
Freeboard, maximum
Time water-on-street, ..
wyater level, maximum
# Flow Module: Level...
Results at nodes
Results at reach segm...
Simulation info at the r...
# Flow Module: Dime...
Nodes
Reach Segments
# Overland Flow Mod...
Results at history stati...
Depths (incremental)
“elocities (incremental)
Depths (M&P)
Rate Depth Change (M...
Yelocities (MAP)
Maximum Depths (GIS)
Maximum Yelocities (G...
Depths (GIS)
Yelocities (GIS)
2D Flow Analysis Neg...
2D Floww Analysis Time...
2D Flow Analysis Time...

¥iew Data

Play mode Properties

I 14 | 0s-08-2010 | 02:10:.00
I =11
gl =]

v Map -

v Network Nodes -

v Network Branches  ~

v Network Data -
Depths (incremental)

RE DomainD2_1-D2_1:... v
Z-data (Model)

v DomainD2_1-D2_1:... v

VWATERDEPTH(M)

I Drag network...

dvanced Ve: @% DEMZ20m

Yitds 7-67



WA FT PIREH



BEHAREERAZALHFT IR
(3 2 #K)

BEHARBEEARABHFIRGE 2 HR)
RABRFRARBEBREE RBRRTH

8 AR KA F KA ] B AT
KB 100 6 A




WWMWN \wm _wan A\ANA\_M % hmmﬂ W Awl m\u Ww@\\\»{w For decision-making ---
4% mﬂﬁ Wmm I - N mu % m Assessment of the stability

of landslide dam is essential

10 LANDSLIDE DAMS
i : ' ' . ! 4 9 u.!ols_ gn_._i

;" g Not easy !

w a0~ 83 percent lasted = 6 months - cnsphoto

£, mF 2

52 . . T .

SR o g waiey i - Extensively investigation is required

mms.l Half failed within 10 days —_

mm - 44 parcant lasted = 1 week

mu - 4 For dam instability, complex mechanisms involved

[ - . . .. .

i agperresncinsdsion : ol 1. Overtopping 2. Piping 3. Slope failure

£ 4k 2! i e — v
5 1 I | L j & L 1 3 -

] 50 100 150 200 n0 300 350 400

AGE OF DAM AT TIME OF FAILURE, IN DAYS

After 2008 ;x Ji| Earthquake
- According to the historical cases, the landslide dam usually
breaks down rapidly soon after the formation of the lake.
Quickly evaluating the stability of the landslide dam is crucial

from the hazard mitigation viewpoint.

Moreovet...

T T T T T T T
cnsphoto ° 91 percent asted < 1 yeur

83 percent lased <6 monihs

=

£-3

83FFH ]

=

PERCENTAGE OF DAMS WHICH HAVE FAILED,
BELOW INDICATED AGE
= -]

=3
T

X -

f 1 | | L TR 1
[} ] 0w 1% 0 u w 6 L
AGE OF DAM AT TIME OF FAILURE, IN DAYS

Schuster and Costa, 1986




Index-based Graphic Approach

DBI 7 7% &9 &2 %5

42, @ DBI=4.15

m 3 3142 %] A (discriminant models) 58] X AR5 48 2 M

Geomorphic
variable log X o SEE S,
Stable dam ..x Geomorphic variables - ummw_,_ a3 Ww@ H%‘um\ﬁg
.‘...X (Landslide, Catchment, Lake and Dam characteristics) - .ﬁﬁmﬁ&n W& mwn,_
K * X (DBI model classify 84 landslide dams with an sucess rate of 75.0% )
<X %
QOOX 00000 4 SD
R4 Failed dam S . C . T .
o Korup (2004) using discriminant analysis to objectively classify
..... Geomorphic . the stable and unstable landslide dams. However, only 69% of
variable log X; .. the landslide dams were classified correctly.
H- A4 Dam volume V L 22 e . .
DBI =log(—) Dam heght H BEREHBEFEARRE#AEZNEZE R % (Korup,
V 2004).
Dimensional Blockage index DBI DBI < 2.75 Stable
(Ermini and Casagli, 2003) ... DBI>3.08 Unstable|
Catchment area A 5
Tsaoling Landslide dam o = 1l — di 1M1 1
W: 5000 m, L: 600 m, H: 80 m, V=12,000 million m*, A=162 km? “ nl—; # A — discriminant Dﬁm_%mum
— - I Dong et al., 2009. Geomorphology
) . . 3 DBI=2.03
e - S n FRREYERRFRTEZEHE £,
, & e . *Exopton o
Ko\\.%,. Stability — f (V,A,H)? f(S,L,P)? f (V,S,W)?...
| &7
ﬁ )
|
.

VIH

Tangjiashan landslide dam
W: 803 m, L: 611 m, H=83 m, V=2.0 million m3, A=3,500 km?>

Lin, M. L., Dong, J. J., Hy, J. C., Liu, H. C., Chen, C. H., Sun, S. U,, Liou, Y. A,, Lee, C. T., 2008/6, Are we ready
by learning from the nature? — From geotechnical engineering perspective to Wenchuan earthquake related

issues, Sino-Geotechnics, 116, 97-112. 6

Geomorphic

variable log X,

D =by +bixi +byxy +...4+ buxn

*
*
*

00‘
*
X
Q‘

X%

Failed dam

Geomorphic

variable log X

Stable dam " *&W_ I n&m
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= Tabata eral. (2002) 2% B £79 8% 4| m
o RResEi TR m Qbﬁ»
s 3 16EEH

N - KILEA - H R

ﬁ%wmﬁﬁ%wwﬁv

Downstream channel gradient X,

X o -
AN
Dam volume X, Lake \m& X5 \

\
; Mearj flow X;
i Pealdflow X,

/
Strem order X,

/
‘\
-

Upstream chanel gradient X;

/
Landslige

/

\ Catchment area X; 4
// - -
-~ -

Model AHLW Log-transformed

Catchment area (A),
dam height (H),
dam width (L),

m Discriminant Model AHLW Dis:  dam length (W)
D, = —2.62log(A) — 4.671log(H) + 4.57log(W) + 2.67 log(L) + 8.26

Maodel Actual groups Number of landslide dams ~ Predicted group membership

Group 1 (stable)  Group 2 (unstable)

AHLW Dis Group 1 (stable) 9 77.8% 22.2%
Group 2 (unstable) 34 8.8% 9].2%

nun
Percentage of landslide dams comrectly classified§ §§ Ja( Whole dataset: 43 cases)

Variables (log-transformation) SCDC
Catchment area (4) -1.085
Dam height (H) -0.842
Dam width (W) 0.663

Dam length (L) 0.390 »

Log-transformed

Model PHLW

peak flow (P),
dam height (H),
. . e . d idth (L),
m Discriminant model PHLW_Dis: o_mwsa_w“__m; Mswv

D, = —2.941log(P) — 4.58log(H) + 4.17 log(W) + 2.39 log(L) — 2.52

Model Actual groups Number of landslide dams  Predicted group membership

Group 1 (stable)  Group 2 (unstable)

PHLW Dis Group 1 (stable) 9 77.8% 22.2%
Group 2 (unstable) 34 8.8% 91.2%

Percentage of landslide dams comrectly classified§ §§.4a(Whole dataset: 43 cases)

Variables (log-transformation) SCDC

Peak flow (P) -1.045
Dam height (H) -0.788
Dam width (W) 0.577

Dam length (L) 0.332 10

Tsaoling Landslide dam
<< meec Ev L: aco :r H: 80 E, V=12,000 million m3, A=162 km3

DBI=2.03
D=+2.19 i
=4.15
V/H -
=-2. %eom\c 4.67(logH) +4.57(logW) +2.67(log L) + 8. mo :
Discriminant Model . o
AHLW_Dis: ool T
D=-4.99 A

Tangjiashan landslide dam
W: 803 m, L: 611 m, H=83 m, V=2.0 million m3, A=3,500 km?

Dong, J. J., Tung, Y. H., Chen, C. C,, Liao, J. J., Pan, Y. W. (2009), Discriminant analysis of the geomorphic
characteristics and stability of landslide dams, Geomorphology, 110, 162-171. 12




Logistic regression models

L, = =2.55log(P) — 3.64log(H) + 2.99 log(W) + 2.73log(L) — 3.87
L, = —2.22log(A)—3.76 log(H) + 3.17 log(W) + 2.85 log(L) + 5.93

Model Actual groups Number of landslide dams  Predicted group membership

Group 1 (stable) Group 2 (unstable)

PHWL Log Group 1 (stable) 9 6 (66.7%) 3(333%)
Group 2 (unstable) 34 2(5.9%) 32 (94.1%)
Percentage of landslide dams correctly classified: 38.4 (Whole dataset: 43 cases)
85.7 (Cross-validation)
AHWL Log Group 1 (stable) 9 6 (66.7%) 3(33.3%)
Group 2 (unstable) 34 1(2.9%) 33 (97.1%)

Percentage of landslide dams correctly classified: 90.7 (Whole dataset; 43 cases)
77.3 (Cross-validation)

Dong, J. J., Tung, Y. H., Chen, C. C,, Liao, J. J., Pan, Y. W., 2010, Logistic regression model for predicting the

AR B -6 B R R

EEH REARFER T
R®HE  DBI(8 %) AHWL Dis: D (8 H) AHWL Log: Ls(f& XMk, aLBiM )

failure probability of a landslide dam. Engineering Geology, 117, 52-61.

AWMV 1.83(5) 3.14(8) 0.96(S, 27.7%)

mM 0960) 428(5) 2.27(5,9.36%)

wmﬁw 5.11(U) -5.75(U) -6.31(U, 99.8%)

WWMM 2.54(8) -0.34(U) -1.52(U, 82.1%)

G-I ET 081(U) 2.42(U,91.83%)

A_Mwhwr 3.01(U/S) -0.37(U) -1.79(U, 85.7%)
AR R MG 1R
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n FEHEEHELTITH
m 3 ABRA KRI I LB A
—Ermini&Casagli(2003) % & & =k [0 3£ #5142 P(cms) & R & &

A(m?) & &K@
AxH H(m) %% %
DBI = _omﬁ v u W(m) %% K% % 7iH)
an%ﬁ o (B AT H)
— 4B 3 4 %31 42 X (Dong et al., 2009) V) AR

Dy =-2.94log(P)—4.58log(H ) +4.17log(W) +2.39log(L) - 2.52

Dy = —2.62log(A)—4.67log(H)+4.57log(W) +2.67log(L) +8.26
og(4) og(H)+ og(W)+ og(L)+ R R

~L,
e

— 7 % #7195 43 ) (Dong et al,, 2010) b=l =
L =-2.55log(P)—3.64log(H )+ 2.99log(W)+2.73log(L)—3.87

L =—2.22log(4)—3.76log(H) +3.17log(W) + 2.85log(L) +5.93
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° %ﬂ ,ﬁ whmw w%ull %WWU I«w c\@m@\mu _HNNW&W \V/Q(%% QIN@ Downstream On-Site Upstream

NN = . = 1k S S > . f s —L ggmﬂﬂs ﬁggﬂﬂrﬁﬂ& goﬁg
— LA u%ﬁmm\u@mﬂ-%mwm m.—| mlmmw\‘mﬂ#m% ’ M +e ...n-nn.“._l:mmh&d Lake-induced Hillslope Instability ‘Displacement Waves
Ly =-2.22log(A)—3.76log(H)+3.17log(W)+2.85log(L)+5.93 ~u

— ZHAH W~ LB BFaUR M %

A=200km?,H=70m

LE+08
LEWOT |
1EW06 o
_ LE05
Wp.n_g
LEHO3 +
1E+02 |
1LEOL |
LE+0D

1.E+00 1E+01 LE+02 u.nfﬁ-w: —_.n.ﬁE 1.E+05 1.E+06 1E407 LE+08
m|

£k @A 5200km? » 55 3 % 70m

Probabilities
H = Landslide

B = Stream Blockage
O = Outburst Flood
D = Flood Impact

Landslide related hazards

ARENTE BRELR | RELR | TEAR | BRELAR | BEELR

B R (RS i >60%; | >40%; | >20%;

0,
R <80% | =<60% | <40% g

| Breaching Tangjiashan landslide dam;

Xu et al. (2009) Bull Eng Geol Environ 68:373-386 19
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ADupuit’s theory:a & =

2K q=k(H?-H?)2L
NRERBHAAHEAR  BERFTRARARLAE
K3k B RE% 4 (1992)# 3% 4102~10° cm/s

(R AR R RS BB 41103 cm/s)
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25 27
s
B AR ARG L5 % su B B iR o H
LR AR TR = A2 "
h 760 T T T T T T T T T T T T T T qmom__,,,_::;:,:_,___T_Z::_____,_:,m
= Top | 750 © - 1
= g wg \.,u.. ™0 E E e E
R R EH T E XK Wb R b 3
- m : ] m i Rainfall \\4 4 3
£ 1 B .
— m 20 W\ 5/22(8.9E+07) B m 20 W 7 ¢ _ _ m
\muh nS |+| \ W\WN _\Wd %H _ m 710 wl - m o - \ =
- m 700 m” 5/18(3.9E+07) _ m 700 3 h _ E
s 1 § B/ Predicted time 3
m EM\ 5/14(1.4E407) ] m o0 S “ oz h 3
\WA_» .\m.x_\l @V\h H.mm mw % WEJ \%zl \ “ 680 w__ | 512 ] W s m..,., s wmnu_mu_-am 3
670 M._ _ 7 aqim ' Predicted overtopping time —
& Bottom | o E
chmw_r_:,a_ . ,A_Qmﬁ_o_m, - _m,a,mﬁ_a____ - M,_u,m_,,A_Vc,w, o ,»,:.méﬁ_m mmao\_ e _o, T _N,a, - m,\m—w ,u_.__ _ P
Water storage (m®) 512 Time (day)

Dong, J. J., Liou, Y. A,, Chang, L. Y., Lee, C. T, Liao, J. J., Pan, Y. W_, 2010, Application of satellite images and
DEM for the hazard assessment of landslide dams, Journal of Photogrammetry and Remote Sensing, 15, 3—1 m.mm
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Risk (Hazard) assessment

Risk level; based on the

Tri Cvents B, 7 6 3
Triggering Events Landslide dam H(m) V,(10°m’)y Dam s..n.o:mw. e appicach (Table ) Status
1999 Chi-Chi Earthgrake ~ Tsao-Ling 50 40 Group4 & HR i Filled up with sediments and the dam
. . remains stable
Cotiden EE o o s R Prssible whiile collipss i beaised by
s 302 P intensive rainfall
3 but can be
Kuzhuba- 2
Downstream ¢ Group 4 MR
- - . -
Shibengou 30 1 Group 3 R
Ponbiekon 15 “m Group 1 MR
2008 Wenchuan Earthquake
3? ty for permeability, high
Hongshihe 30 _ 5 Group 3 MR ty for dam collapsing partially
o Group 1 HR
10° Jroup
15
62 11’ Group 3 HR
1’
Yingxiuwan- 18 o2 Dammed half of the river. Overflow at
Taipingyi HPS - 3 - low point
2009 Typhoon Morakot Siaolin 44 9.9° Group 1 : MR & Breached and failed soon after its forming|

'Leed 2006): * Yin et al. (2009); * Xu et al. (2009); * Cui et al. (2009); * Dong et al. (2010)
EHR: Extremely High Risk: HR: High Risk: MR: Medium Risk: LR: Low Risk

New assessment criterion is required !

31

fEF MG | [HERR AR

Empirical approach of risk assessment with respect to outburst flooding of a landslide
dam (Cui et al., 2009; Xu et al., 2009; Yin et al,, 2009).

Index Grade

Extreme high High risk Medium Low risk

risk (EHR) (HR) risk (MR) (LR)
Dam height (m) =100 50-100 25-50 <25
Water storage capacity 100 10-100 1-10 <1
(x105m?)
Composition of dam materials 3Group 1 Group2  Group 3 Group 4

4 Group 1: soil and fragments of rock; Group 2: soil and fragments of rock with afew
boulders and blocks; Group 3: boulders and blocks with little soil and rock fragments;
Group 4: boulders and blocks.

30

Oliver Korup, 2005. Geomorphology 66, 167—188

probability
Geomorphic Annual of dam
hazard from probability and lake
alandslide of a formation
dam-break landslide given the
flood event landslide

5IIIIIII

P(OUT) = P(H) x P(BH) »2 P(O|B):

Probability for an
outburst flood from
an existing landslide-
dammed lake

Downstream On-Site Upstream

HII..III

<RI

probability of spatial
(downstream) impact by an
outburst flood from a
landslide-dammed lake

A HHAERMBE
2 HTHEABEZHRR

Yot % 8?7 ,
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ERBERE BRI T HRRZIEEAR REREEREE BRI THELEEIZ
14(=Qu/Qy) L@l 2 FRTHESE 14(=Qu/Qy)
1:2> E#%3,000CMSAHE ~
QA BEMETRRAFHMNE —> BEHBRAFAMTRIJAE QunAEBENERRFLEAE
O:_Ngwm_.:_ \Wwﬂm._‘m\.mww R Lk () 1:(L)2 5 Faksk (D1:(L)2 o:.& wm_.:_ HH m+ M e__.
s EAYETrM o 48 o 48 1 (%)
1o . RFREA #&AR(I) 0-10
g . #OHE 1&(D) 11-40
T o . ThGHAE & (I00) 41-60
i o g &(IV) 61-90
wmwm e —EFHEE #5 (V) >90
20 25 30 35 40 45 hacbymw n”ou 65 70 75 80 85 90
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, Tai, Y.C., Chen, C.C.

Kuo, C.

, Chang, KJ., Siau, A.Y., Dong, J.J., Han,

R.H.,

Shimamoto, T., Lee, C.T., 2011. The

landslide stage of the Siaolin catastrophe: simulation and validation. Journal of Geophysical Research, submitted. 38
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	ABSTRACT
	結論與建議
	一、結論
	(一)若能整合衛星影像以及數值地形模型，配合可快速進行空間計算之GIS系統，即可運用於堰塞湖形成初期之快速分析與評估。重要工作包括：(1)及時取得足夠清晰之正射化遙測影像，判釋堰塞湖位置；(2)配合數值地形模型獲得天然壩之幾何資訊(壩頂高程、壩長、壩寬、壩高)以及上游集水區面積；(3)根據數值地形資料繪製水位高程-湖水體積圖，並利用多期衛星影像搭配數值地形模型進行堰塞湖水位高程監測；(4)估計淨入流流量、溢流時間以及上游淹沒範圍與時間之關係；(5)利用地形指標或統計模型以評估天然壩之危險度。
	(二)關於天然壩下游危險度評估方法，除了現行常用之主觀專家判定方式以外，建議利用DBI指數、鑑別分與邏輯斯迴歸模型，定量評估天然壩之危險度，以提供決策者主觀與客觀資訊。源於其保守性，因此，本計畫建議堰塞湖天然壩危險度分析可考慮使用邏輯斯迴歸模型。本計畫以台灣案例確認統計模型之合宜性，並根據天然壩破壞機率將危險度分為五個等級，包括：極高度危險、高度危險、中度危險、低度危險、極低度危險。
	(三)本計畫建議根據危險度指標(天然壩破壞可能性高低)以及潰壩洪峰之淹水影響(潰壩可能洪峰流量除以河川治理計畫之流量)，以反應潰壩對下游河川之“危害度”，本計畫建議堰塞湖對下游地區之淹水危害度可分為七級，包括：極高危害度、高危害度、中-高危害度、中危害度、中-低危害度、低危害度以及極低危害度。
	(四)防災作業手冊(緊急應變版)中將堰塞湖之危險程度劃分為三種等級（有立即危險、有潛在危險以及無危險），再依其等級建議處置方式。就本計畫所提出之危害度等級，極高、高及中-高等級之危害度宜對應原「有立即危險」，中危害度對應原「有潛在危險」，而低及中-低危害度則對應原「無危險」（或將「無危險」改為「低度危險」）。
	(五)根據堰塞湖行形成後的淹水危害度分析結果顯示，可用於未來發生堰塞湖時，作為評估堰塞湖淹水危害度與壩體處置之參考使用。
	(六)在上游淹沒區短時間快速評估方法所提的四種資料，根據不同的資料取得，均可對上游淹沒區進行快速評估，提供給防救災單位作緊急疏散處置之參考。
	(七)在上游淹沒區之長時間詳細評估方法，根據水位監測、水文-水理模式演算與堰塞湖上游淹沒區的淹水演算，均可對上游淹沒區迴水區域提供較準確之淹水水位，同樣亦可提供給防救災單位作緊急疏散處置之參考。
	(八)堰塞湖潰決對在下游淹水危害度分析，根據所建置的快速評估方法與詳細的潰壩分析方法，均可得到下游淹水危害等級所對應的危害度等級。
	(九)因道路為居民疏散撤離之可能行經路線，故淹水危害度訂定係以道路淹水情況為主要考量。
	(十)本計畫基於相關文獻回顧，提出四種資料統計預報模式，並配合現有監測資料進行驗證，完成其演算方法測試與相關限制，藉以提供後續資訊系統模組建置之參考修訂使用。

	二、建議
	(一)地震與暴雨造成之堰塞湖天然壩行為可能有所不同，岩塊滑動與土石流造成之堰塞湖天然壩行為亦可能有所不同。過去曾將地震與豪雨誘發天然壩案例分開統計以獲得不同統計模型，然而因完整案例太少，分開統計正確率偏低，未來待堰塞湖案例增加，應該分開統計以建立不同誘發機制以及不同山崩種類之危險度模型。
	(二)類似小林村於極端降雨事件其間形成之天然壩，若潰決時間過短，如數小時，以目前科技能力，快速評估方法對防災作為而言時效上仍有其侷限性。現有技術恐仍力有未逮。然而，壩體潰決後洪峰到達重要影響區仍有一些延遲，雖然現有技術對於此類災害預警恐仍力有未逮，然而，值得後續研究深入探討預警方法與預警機準。
	(三)現行堰塞湖防災作業手冊(緊急應變版)於堰塞湖發生時，依據緊急現勘所填寫之調查表將堰塞湖危害度區分為無危險、有潛在危險及有立即危險三個等級，建議將「無危險」等級改定為「低度危險」等級。
	(四)現行堰塞湖防災作業手冊(緊急應變版) 判定危害度僅依據壩體容量、高度、體積及有無保全對象，其實並未考量淹水危害度。建議根據本計畫建議之“危害度”。
	(五)現行程序（緊急應變版）對判定「無危險」等級採無後續處置措施。然考量任一評估難免有其潛在之不確定性，且堰塞湖一旦潰決未必能完全排除其致災性，因此，建議改為持續監視，以隨時掌握堰塞湖現況。
	(六)堰塞湖天然壩穩定性快速評估方法屬經驗法，預測模式之準確程度與資料庫之代表性息息相關，遙測影像之快速發展與普及，於可預見的將來，有機會協助快速擴充堰塞湖資料庫，此一工作應是不論堰塞湖有無危害性都應該加以建置。台灣堰塞湖發生頻率相當高，因此，未來應該投注資源，利用遙測技術有效率地進行我國堰塞湖資料庫之建置。包括壩體幾何形狀與堰塞湖水文參數等，同時，亦應盡量蒐集山崩機制、顆粒組構、壩體形態、堆置環境等等重要資訊。
	(七)有關潰堤及高含砂水流情境、堰塞湖溢頂之雨量警戒值等，對堰塞湖形成可能造成之危害度亦甚為重要，因受限於本計畫時程短，建議於下一階段進行考量。
	(八)為考量監測數據處理分析系統實際應用與推廣，建議可嘗試由一般傳統壩體監測應用開始，藉以回饋本系統穩定性、介面使用親和性等校正。
	(九)堰塞湖發生後，地形及土地利用資料之取得甚為重要，惟內政部5公尺數值高程模型屬於機密文件，建議使用單位事先取得轄管範圍之40公尺數值高程圖及土地利用圖資。另外，各河段之計畫洪水量及各頻率年之尖峰流量亦應事先彙整成表格，以供緊急時查詢。
	(十)為考量堰塞湖處置資訊系統實際應用與推廣，因其應用之軟體為付費軟體，建議相關單位後續可陸續購置及使用，藉以回饋本系統穩定性、介面使用親和性等校正。
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