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Taiwan-Japan River Flood Warning and

Simulation Technology Workshop

In today's world, water resource management and disaster
prevention have become crucial issues that countries worldwide must
collectively face. This is especially true in the context of research and
application of river flood warning and simulation technologies, which
are indispensable. Taiwan and Japan are two island nations that are
prone to frequent earthquakes and often affected by typhoons. The
river systems in Taiwan and Japan play vital roles, impacting various
aspects such as agriculture, urban development, and ecological
conservation. Thus, through the “Taiwan-Japan River Flood Warning
and Simulation Technology Workshop", we explore and strengthen
collaboration and communication between the two countries in this
field.

Rivers are not only vital sources of water resources but also
significant areas for human life and production. However, rivers also
serve as important pathways for natural disasters, including disasters
like floods and landslides, which frequently cause severe losses and
disruptions. Consequently, the development of effective river flood
warning systems and simulation technologies is crucial for ensuring
the safety of people's lives and properties. Taiwan and Japan, being
countries prone to earthquakes and typhoons, have profound needs
and experiences in river flood warning and simulation technologies.
While both countries have relatively well-developed hydraulic
engineering and disaster prevention systems, they must continuously
innovate and improve to confront new challenges like climate change.
Through this workshop, we hope to collectively discuss the latest



developments, research findings, and application cases of river flood
warning and simulation technologies, seeking better ways to address
future challenges. Furthermore, both countries possess abundant
resources and advantages in technology and talent. Taiwan is home to
many outstanding tech professionals and research institutions, while
Japan has numerous globally recognized universities and research
organizations. Through this workshop, we can promote technological
exchange and cooperation between the two countries, jointly
promoting innovation and application in river flood warning and
simulation technologies. Therefore, this workshop is organized by
the Sinotech Foundation for Research & Development of Engineering
Sciences & Technologies, the Ecological Engineering Research
Center of National Taiwan University, the Hydrotech Research
Institute of National Taiwan University, and Sinotech Engineering
Consultants, Ltd. Also co-sponsored by the Sustainable Development
Committee of the Chinese Institute of Civil and Hydraulic
Engineering and the Water Resources Committee of the Chinese
Institute of Civil and Hydraulic Engineering. and The Department of
Bioenvironmental Systems Engineering of National Taiwan
University, the Department of Civil Engineering of National Taiwan
University, and the Department of Civil Engineering of National
Chung Hsing University , Sinotech Engineering Consultants, Inc. co-
organizes the event.

The Sinotech Foundation for Research & Development of
Engineering Sciences & Technologies is dedicated to elevating the
domestic standards of hydraulic and civil engineering technology. In
addition to actively gathering relevant domestic literature on
hydraulic and civil engineering, the Foundation actively introduces
advanced technologies from abroad. Hence, through this workshop,
we invite academic institutions with substantial experience and
expertise, such as Hokkai-Gakuen University in Japan, National



Taiwan University, and National Chung Hsing University, to
participate. Particularly in the fields of hydrology, water resource
management, and geographic information systems, their participation
will facilitate technical exchange and knowledge sharing, driving
continuous innovation and improvement in river simulation
technology. Additionally, the Foundation has invited the Japan River
Information Center to participate in the workshop, facilitating the
exchange of river hydrological data, meteorological information, and
hydrological observation data. This is crucial for Taiwan's research
and development of river flood warning systems. This workshop can
promote cooperation between Taiwan and the Center, fully utilizing
its rich data resources to ensure the reliability and accuracy of river
flood warning systems.

We also hope that this workshop will provide an opportunity to
promote cultural exchange and deepen friendship. Despite the
geographical distance between Taiwan and Japan, there are many
commonalities in culture, history, and values. Through the Taiwan-
Japan River Flood Warning and Simulation Technology Workshop,
we can deepen mutual understanding and friendship, collectively
contributing more to global water resource management and disaster
prevention. It will also strengthen cooperation and communication
between the two countries in the field of water resource management
and disaster prevention, promoting technological innovation and
talent development, and making positive contributions to the
sustainable development of the region and the world.
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Where Hokkaido University iIs
Working for Hokkai Gakuen University since April 2023

+ Main campus located in
Sapporo, Hokkaido

Hokkaido University
Sapporo campus

« Another campus in Hakodate ‘
(Grad. School of Fisheries /‘( \

Sciences)

« Several off-campus facilities
mostly in Hokkaido

Established in 1876

11,000 Under Graduate Students
6,000 Graduate Students

2,000 Teaching Staff

1,800 Non-Teaching Staff

12 Faculties + 10 Institutes







K.Asahi, Y. Yoshida, H.Tsunematsu, Y. Shimizu and
J. Nelson(2012), Development of the iRIC Software
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2003 Appetsu River, Hidaka, Hokkaido, Japan
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* In order to predict, plan counter measures, estimate,~
the efficiency of the projects, constriction works, and
for the environmental assessments, we need models
to reproduce and analyze these kind of natural
disasters.

e Large numbers of models have been developed for
these purpose, but most of them are only for limited
researchers’ use and using them are usually very
expensive.

» We need free models for anybody.

What is iRIC?

International River Interface
Cooperative

iRIC is a public-domain madeling interface and

an associated group of open-source models that
can be used to simulate flow, sediment transport,

channel and bank evolution and habitat in
riverine environments across a wide range of
temporal and spatial scales

Using iRIC does not mean you need to use the
models we present!




Interface developed by USGS for Interface developed by Hokkaido
FASTMECH and STORM Uni. and HRDPRC for NAYS

MD_SWMS RIC-NAYS

iRIC1.0

XIC 3.0 (Released on 23 Jun, 2018)

+ Nays2DH, Mflow_02, CERI1D, NaysEddy, ELIMO, SRM

Outline of IRIC

Import Data Data Exporting

Pre Processing User’s - Post Processing
GUI Tools Solvers ¢ GUI Tools
Vector, Contour, Shading,
iRIC
Libraries

RIC
Libraries

Editing Geographic Data
Grid Generation and Eidt

\_

Stream Line, Particle
Line Graph.....

2D, 3D yrtran. C ...
Structured, Unstructured ), 2D, 3D, Structured,

Flow, Bed and Bank Evolution Sy te=te
Public Domain Solvers




IRIC Solvers Line up

(1)Runoff Model

SRM(Lumped Model), RRI(Distributed Model)

(2)River Model —— Naysl1D+, CERI1D, Nays2DH, NaysMini, Nays2d+
FaSTMECH, SToRM, River2D, Mflow_02
Morpho2DH, Nays2DV, Nays3DV, NaysCube
(3)Inundation Model —— N3y s5dFiood \

(4)Taunami Model = ELIMO Open Sourse

(5)Environmental——| DHABSIM, EvaTrip_Pro
Assessment Model

Solver Coupling

(6) Mass — > | GELATO(General Lagrangian Tracer Tracking)
Transport Model Nays2DW/(Drift Wood)







More than 50 times seminars in 20 countries

Demonstration of IRIC




Akatani River in Kyushu, 2017




Kinu River Flood of 2015




Kinu River Flood of 2015

By. Y.Ishida(2015)
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2011, Levee Beach Otofuke, Hokkaido e

2011.9.6 The Otofuke River, Hokkaido, Japan







Bisei River, Hokkaido, Japan Numerical Modelling of Flow and Bed Deformation
2022/8/11 Drone Photo Considering the Effects of Channel Vegetation

Sequence of Flooding event
normal years

Sequence of
normal years
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Pekerebetsu River, 2016 Hokkaido
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Large-scale riverbed changes in the 2016 Hokkaido raBif
all disaster (Memuro River)

:' ./ HOKKAIDO UNIVERSITY




Flood simulation without sediment transport
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- When sediment movement is not considered,
there was almost no flooding near the urban area,
and the scale of damage was underestimated.

Numerical calculations: by
Tomoko Kuka
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Simulation: by T.Kyuka




Simulation with sediment transport

HiEstE
Case2 : HIRFE
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Kita River in Miyazaki, Kyushuu iRIC




Kimura and Kang(2018) 59
Result of driftwood deposition WIth root effect in simulation

Large discharge / Low slope

$=0.0045, Q=0.00100 m3%/s \
Root part | Dj
$=0.0045, Q=0.0010m¥s

Large discharge / High slope

S$=0.0070, Q=0.00110 m3/s

$=0.0070, Q=0.0011m?3/s

HOKKAIDO UNIVERSITY



Drift Wood Simulation by I. Kimura(2018)




Alexander B. Bryk (2015)

Meander migration of Ichilo River and Sajta River, Bolivia




Free Meandering River




2,000 people, 10% of the total population is killed or missing
in this city.
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ERIMO by Dr. Yasuharu Watanabe
(Tsunami Model)

* Nonlinear long-wave computation in
global spherical coordinates

* Reliable computing methods with
high-order accuracy

* Polished open boundary conditions:
minimize reflection at the boundary

Kol z

Greenwic R
meridian

= Download Bathymetry data from
A Japan Oceanographic Data
Center

Equator

Bathymetry format conversion to
iRIC compatible dataset

spherical coordinate Grid generation on iRIC z 2

Fault Model Parameters

Input fault parameters for a rectangle
fault model as an initial condition of
tsunami

Longitude, latitude of the fault top
Rupture length

Rupture width

Slip length

Strike angle

Dip angle

Slip angle

S B s Y =

North

Strike angle
Slip length
ﬁslip angle

Dip angle
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OlERLIVGINGNITOICRNVES A Alication of Nave2D Comnbiitation
pplication of Nays2D Computation
20 29 : : : .
(2015/7/29) with multi UAV in a bedrock river

d

Supported by
Hokkaido Consultant Corporation

Precise survey

Ground Area Water Area

Supplement

Laser survey | — -
Laser survey

Sonar survey
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Land Slide and Debris Flow in Hiroshima
2018

i
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Simulated
Maxiumum
Deposition

By H.Takebayashi

Hokkaido East Iburi Earthquakes, SEP 6 2020
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iRIC version2.3
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iRIC version2.3

FEEHSEFHX

RNEZRT I DR :

BB SE FEFCTRAEL, 13.5m/s (B5F®E49km)
RREAYERIE LTz SARTE RE(CEHERFOZES : #I6m

iRIC version2.3

FEERSEHX




iRIC in }¥#E
2018/09/18-2018/09/20

FEEHSEHX

FREERT I DR :
17m/s (BEpR#I60km)
A CIRE T DR :
3m/s (BpE#911km)

Google Street ViewZ AL DE SEHTFE R DVRER R
# £, Hh(2018)




iRIC version2.3
13" Nov., 2014

3D-Hazard Map Application for Smart Phone

Where are you?

.G}

How deep will the
inundation become at
your place.

Good for educational
purpose as well.




Exporting to Blender By Toshiyuki Tanaka iRIC

3d density flow simulation by Nays3Dv




3d density flow simulation by Nays3Dv

Tidal Prizm of the Ishikari River, Japan
Nays3Dv




3D flow passing threw an obstacle simulated
Nays3Dv

Tracer tracking simulation by GELATO (former UTT)

. f;w 4 iy D i = W ] .?t st




Tracer tracking simlation by GELATO (former UTT)

Generations

1‘0“5:.?5 HJ.: 15.3 &.D

Tire: 0.1 sec

Time: 0.1 sec

Driftwood tracking simulation by Nays2Dw

res_Velocity (mag
0.0000.1140.2290.3430.457 0.
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Ice circles
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[Option] ZZEDT)LICAT TracerzFE=ED

Wind map like plot Using Gelato in iRIC

Fish simulation with GELATO in iRIC




Flow in the Ishikari River

Google Earth Output




K.Asahi, Y. Yoshida, H.Tsunematsu, Y. Shimizu and
J. Nelson(2012), Development of the iRIC Software
for River analysis




A case study on River
Flood Prevention Measures

in Jhuoshuei River

F EF
Yueh-Yang Li

PETREBRBRNDERAT SEXE
Project Manager, SINOTECH Engineering Consultants, Ltd.
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A case study on River Flood
Prevention Measures
In Jhuoshuel River

Yueh-Yang Li

Speaker Introduction

ZE# Yueh-Yang Li
Sinotech Engineering Consultants LTD. (2019~Now)
Sinotech Engineering Services LTD. (2010~2018)

e Strategy for enhancing the capacity and resilience of urban drainage systems to
rainfall in Taipei City(2022~2024)

e Design of underground detention basin on the north side of the Shilin Official

(Photoed in 2010) Residence in Taipei City(2023)

» Review and correction management planning for the Qiadongxi River(2021~2024)

o Establishment water resources supply and demand platform in the northern
region(2019~2020)

¢ Construction flood and inundation warning system of Yunlin County(2012~2018)

» Analysis of dam breaches in barrier lakes for Zhuoshui River basin(2016)

e Investigation, analysis, and review of flooding levels and flood protection for the
Taipei Metro system(2013~2015)

» Comprehensive inspection of tsunami impacts on nuclear facilities(2011~2012)

g SINOTECH Engineering Consultants, Ltd.







Geographic location

Zhuoshui River Basin =~ e -.~.7~3’0/",77

“,

(Longest River in Taiwan) gy
1. Zhuoshui River Basin (186.7km;
3156.9%
hua County Seawall (64km)

2. Cha
3. Cha 3.County Regional Drainage

(1,0 3 % 3 ;iju
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River
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es: Nantou, Chiayi, EEI A
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|, social, and economic
long its basin hold a

@ SINOTECH Engineering Consultants, Ltd.

Geomorphological Characteristics 1
Average elevation : 1,422 meters Average slope: 94.75%

<100 7.5% S>15% (%78.5°) 88.6%
LR L 28 eeeenneneans S>56% (#729.25°) 62.5%
£ 1,000-2,000 34.7% ST4% (4136.5°) 34%
: 2,000-3,000 25.3%

:3,00050 F 4% : @ Upper reaches : rugged mountains and deep valleys

@ Terrain slopes from east to west, with increasing @ Lower reaches : gentle terrain and multiple alluvial fans

slope from west to east @ Tributaries: steep and towering terrain

g SINOTECH Engineering Consultants, Ltd. “




1. Basin Overview

Geomorphological Characteristics 2

Significant variations in elevation, with short river channels and steep slopes.
Upstream area are prone to erosion and collapse, resulting in a high sediment content.

The annual sediment yield : 49.52 million tons

Downstream
S=1/2600 ~1/180

@ SINOTECH Engineering Consultants, Ltd.

1.Basin Overview

Hydrological Characteristics

Average rainfall in the basin : 2,500 mm/year
Rainfall is concentrated, uneven distribution in time and space

» Rainfall concentrated in wet season (May to October), with m
an 8:2 ratio of wet to dry periods.

» Main rainfall sources include Mei-Yu front (May to June) and
typhoons (July to September)

» Rainfall distribution: increases from west to east, with more
rainfall in mountainous areas than plains. m_ |

» Rainfall center: Alishan and Qilai Mountains 1

Alishan 4,060 mm

E SINOTECH Engineering Consultants, Ltd. n




Flood Characteristics 1

20000

Steep slopes and rapid flow, with /RL —=7 =m
short arrival time of floods. /f\\ e
Large peak flow and rapid fl00d ] 8:‘7’30 BS!'H‘:é"S’L 85/8/12  85/8/3  85/B/4 During Typhoon Herb in 1996 ‘: 400:

propagation. flood peak rose and fell rapidly
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Flood Characteristics 2 imited time for
Steep slopes and rapid flow
with a short arrival time of floods.
8 %r-; $ EPUJ*%
B = o) ] 0| 028 km B &«
) X X =) ;0 &| 5.7 m/sec ;i BE
; O B B 100 i —|08min 15 =5
g 26,600 26,600 21,600 20,500 13,100
= < < < — -—
wn 5 - |21 km - .
= BR 14.65 km | o S| 5.9 m/sec % S| 122 km 3
1) 01 4.3 m/sec| S © | 5.9 min K S| 4.3 m/sec 7J-S ?\B
- 56.3 min :< qu*% *% 43.5 min I/EI% *
Qingshui River _ %
2 hr WREEIS { Dongpurui River T BEAXE i £
= 1hr o e [
Below Shuanglong Bridge |3 [ enyoutan River
5.7 hr & i B Zhr
S i B
. | | 3 | =
Flood arrival « > > g >le >e > Above Shuanglong
Time 9.2 hr L: 16.35km | 24.94 km F 5.44 km 9.48 km 1 8.68 km | 5.27 km 9.37 km Bridge 3.5 hr
e7v. V: 2.8 m/sec 3.3 m/sec 4.6 m/sec 51m/sec 4.8 m/sec 6.1m/sec 6.2 m/sec
t: 98.3 min 127.6 min 19.5 min 30.7 min 30.1 min 14.5 min 25.1 min
E SINOTECH Engineering Consultants, Ltd.




Disaster Potential

Disaster potential:

* Debris flows * Riverbank breaches
* Landslides, dammed lakes ¢ Flooding

Disaster characteristics:

Causes of disasters (in the Changhua area)

& SINOTECH Engineering Consultants, Ltd.

Major Flood Events Over the Years 1
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Major Flood Events Over the Years 2
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5 SINOTECH Engineering Consultants, Ltd.

Major Flood Events Over the Years 3

2001 Hb (TORAJI)

Typhoon Toraji Disaster in 2001

reek, causing flooding and damage
to roads and embankments

| 115 120 125 130 4 |
After Typhoon Toraji, DPR System was
established.
&
29 LDOWN d &
damage near Xingzheng
2
07127
120
§ A EE (Vnax><51. 0n/s) § +AMA(Vmaxd2 7-50.0n/s) & de AR (Vmaxl7.2-32, bn/s) @ MAAE(Vmax<I7. 2n/s)

E SINOTECH Engineering Consultants, Ltd.




1. Basin Overview

Major Flood Events Over the Years 4
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Typhoon Toraji Disaster in 2001

@ SINOTECH Engineering Consultants, Ltd. 15

1.Basin Overview

Major Flood Events Over the Years 5

Typhoon Morakot Disaster in 2009

embankment breached

E SINOTECH Engineering Consultants, Ltd.




1. Basin Overview

Major Flood Events Over the Years 6 BRI GV EEE LRI
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Flood Forecasting System

In May 2002, the "
improve flood warning

Construction Project" was
completed.

Hardware components:
1 hydrological center
10 water level flow stations

49 rain gauge stations

Software components:

Zhuoshui River Basin flood runoff
measurement and forecasting
system model

Rain gauge stations:

SFTP interface with the Central
Weather Bureau's PDS nationwide
rain gauge stations

ﬁ SINOTECH Engineering Consultants, Ltd.

System lteration

Hardware # Incorporation of flood-related

information

@ Enhancement of flood simulation
models

@ Strengthening of capabilities in
warning, notification, and emergency
response operations

@ Integration of new hardware
technologies

@ Establishment of comprehensive
backup and contingency mechanisms

@ Ensuring stability of data
transmission

@ Enhancing cybersecurity; centralized
management of the system
g SINOTECH Engineering Consultants, Ltd.




System Structure

Meteorological Data

hydrological data

Reservoir information

River Stage, discharge

Inflow ,Instream flow release

Hydro data
visualization

Typhoon, rainfall

Data collection,

¥
DB management
seeeeeeeeececcecnacecececeessnnnnnn | I
[ 1
hydro data analysis ‘ Query system
and forecast system Meteorology,

; } information, water
’ Rainfall forecast . levels, downstream
¥ —.‘ river sections...

hydrology, reservoir ——>

’ Rainfall-runoff
|}
’ water level calculation

Automatic hourly forecasting

Experience,
regulations

Hydroinformation
dissemination
SAE

Warning operation
system

Water resources

facility operation
system

5 SINOTECH Engineering Consultants, Ltd.

Flood Forecasting System

Automatic hourly forecasting

Radar rainfall data

\

Rainfall prediction
model

0: each subbasin flow

rainfall-runoff
calculation model

level model
calculation

PR N
I: Real-time/forecasted
rainfall data
O
| [l I: Flow rates and
1 boundary conditions of
e (S
1 each sub-watershed
Decision
support Downstream boundary
o¢—

conditions

storm surge
model

0: forecast rainfall
' ®QPESUMS
. ®QPESUMS_QPF

. ®QPESUMS_ETQPF

' emWRA

> 0: forecast water level
River water

@QPESUMS_WRF
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5 SINOTECH Engineering Consultants, Ltd.




Warning Issuance System

Real-time monitoring and SMS alert for
warning information

SMS alerts for
flooding

Real-time monitoring of current
disaster situation

SMS alerts for heavy
rainfall warning

Early warning issuance process

FAX alerts for flood
warnings

SINOTECH Engineering Consultants, Ltd.

2.Disaster Prevention and
Response System

Hydro data visualization and Flood Control Assistance 1

Zhuoshui River Basin hydro data visualization Center platform

External information disclosure service

. J

Integrated Smart Management System for the Zhuoshui River
Basin

Internal use, river management and flood
control operations

Automated and Process-oriented Disaster
Prevention Operation Integration Platform

functions including readiness, monitoring,
warning, notification, response, and decision-
making.

SINOTECH Engineering Consultants, Ltd.




2.Disaster Prevention and
Response System

Hydro data visualization and Flood Control Assistance 2
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@ SINOTECH Engineering Consultants, Ltd.

2.Disaster Prevention and
Response System

Hydro data visualization and Flood Control Assistance 3

Emergency Repair Assistance

Provide assistance in setting and selecting repair
methods based on the scale of the disaster, and
conduct relevant decision-making support analysis.

Decision support

Pump Scheduling Assistance

Integrate real-time : information from mobile
pumps and flood sensors, automatically analyze
and propose allocation recommendations.
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Hydro data visualization and Flood Control Assistance 4

Hydro Briefing material Typhoon Analysis

Automatically collate latest weather information, Conduct searches and information queries on
forecast data, and preparedness information to historical typhoon events similar to the current
generate the required briefing materials. typhoon's path.

Decision support
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Hydro data visualization and Flood Control Assistance 5

Disaster Response Assistance

Guide step-by-step completion of forms through flowcharts, manual or online approval, confirmation of
approval, system registration for response, notification (dispatch) of flood response personnel, and
checklist for required tasks.

Disaster response
operations

Implementation of 18 standardized disaster response procedures
to prevent operational oversights.

5 SINOTECH Engineering Consultants, Ltd.




2.Disaster Prevention and
Response System

Hydro data visualization and Flood Control Assistance 6

SMS Alert Distribution Fax Notification

Coordinate with the automated response sub- Coordinate with the automated response sub-
system to automate the distribution of SMS alerts system to automate the distribution of fax

for each response operation.

Disaster response
operations

notifications for each response operation.




3.Flood warning operations

Flood warning operations

The 4th River Management Branch,WRA disaster
response personnel are on duty 24 hours a day.

Sinotech assists in monitoring real-time hydro
data and facilitating the dissemination of
forecasting information.

Heavy Rain
Issuance

1st Level Prevent
and Rescue Open

2nd Level Prevent
and Rescue Open

5 SINOTECH Engineering Consultants, Ltd.

Area Risk Assessment

During typhoon and flood = :

Zhuoshui low-water revetment I

Touyekeng creek junction

2 APH R

events: 1.
N 2.
€ Analysis of typhoons with '\
similar paths. . -

@ Interpretation of high-risk
areas.
€ Recommendations for open

LERE g
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contracts and preparedness.
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3.Flood warning operations

Prediction and Forecast Announce
Land typhoon warning issued

During t h n L || Tolatrs fdua naesst
uring typhoo [l TRRZRE hhges | :
and flood events: [RETT IR (AR « ETQPF - )

QPF)
€ Analysis of historical tvoheon -
typhoons with Automatic |
similar paths. analysis of
. typhoons with .
@ Interpretation of Zﬁnuar paths Zhuoshui

Rivet Runoff
Forecasting

high-risk areas.

€ Recommendation System
s for open Review and
improve key Exceeds
contracts and areas Alert value
preparedness.
Below
Tgresholto_l Open contract
reventive entry advice
rescue
decision-
making
assistance
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Real-time Monitoring and Ongoing Analysis 1

L o Meteorological and Hydrological
Model Prediction (Quantitative) Information Analysis (Qualitative)

S FEE06120 16 00 S AR
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Model: Zhusui River Flow
Forecasting System.

Professional expertise and
experience dissemination.

5 SINOTECH Engineering Consultants, Ltd




Real-time Monitoring and Ongoing Analysis 2

3rd warning water level (AWARE)

& SINOTECH Engineering Consultants, Ltd.




4.Contingency case study on
Disaster Prevention

2017/06/01 Torrential Rain at Longhua Bridge Disaster 1

Post-disaster Pre-disaster

(Aerial view on 2017/06/05) (Aerial view in 2011)
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“5!/ rainfall, a torrent of debris flow surged dire
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./ (approximately 200 mete the loss of six residential
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2017/06/01 Torrential Rain at Longhua Bridge Disaster 2

0733AM 15:39PM
14PM CWA issued Revetment of Jiulin Left bank of 21PM CWA lifted
heavy rain warning Village in Tongfu | Longhua Bridge || heavy rain warning
was damaged. was damaged.
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2017/06/01 Torrential Rain at Longhua Bridge Disaster 3

During the disaster response
process for the Longhua Bridge in
the heavy rain on June 1, 2017,
real-time hydrological and

forecast data were analyzed to _ Disaste_r Automatic Open Re_al-t_ime Emergency
—anticipate potential flooding in the information alert contract  monitoring of response
S ) integration transmission deployment disaster resource
jurisdiction. Sinotech promptly | ‘ situations planning
advised WRA to prepare for_open | .l ! L

contract deployment, and disaster
alerts were immediately issued
through the disaster prevention
system.
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2023 Typhoon Kanu in Lushan overflow disaster 1

Flooding situation (from suspension
bridge to downstream hot spring area):

1. Collapse area of upstream Taroko
River watershed (MOA data):

- Before typhoon: 117.4ha

- After typhoon, increase in Mahai
Puxi River: 1.5ha

2.Submerged area: 4.36ha

Rainfall exceeding 200-year return 3.Sediment deposition : 600,000 cubic
period in Ren'ai (885mm/24hr) meters

— kil

Before flooding After flooding

/ / \
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2023 Typhoon Khanun in Lushan overflow disaster 2

Marine Land Lushan .
typhoon typhoon rainfall station 17,5?065dM
warning warning heavy rain level Overflow

issued issued 360mm/24hr

Vv v

SINOTECH

& SINOTECH Engineering Consultants, Ltd.

2023 Typhoon Kanu in Lushan overflow disaster 3

During Typhoon Kano 2023, through professional assessment, real-time analysis recommendations, and
technical support, assistance was provided for flood disaster response.

Pre-disaster preparedness Disaster response Post-disaster recovery
8/2 = 8/3 I 8/4 ~ 8/5 = 8/6 ' 8/7~now
» Assisted in confirming disaster ¢ Assisted in hydro monitoring and disaster control. ¢ Assisted in post-disaster
preparedness tasks. ¢ Provide professional response advices. explanations and on-site inspections.
e Provided professional assessments and ¢ Disaster response procedures. ¢ Developed automatic warning
forecasted open contract preparations in v Analysis of disaster causes. modules to meet emergency response
advance. v Follow-up measures (response and recovery). needs.

| ~
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4.Contingency case study on
Disaster Prevention

Flooding in recent years

Integrate high-resolution radar rainfall data for short-latency heavy rainfall warning, and use it with
flood sensor device and monitoring systems to proactively grasp the flooding situation in Changhua area
and assist in reporting emergency response and flood investigation operations to relevant units.

Even when flooding lasts for less than an hour,
Sinotech could provide advices and respond quickly

A | Notification

3 SINOTECH Engineering'ConsuItants,lLlf-ﬁ- . I




Key Issues

* Through meteorological warnings and forecasts combined with the establishment of dust
monitoring stations, we grasped dust conditions and deployed water spraying equipment and
water trucks to spray water and implemented ground coverings for bare land, effectively
suppressing dust generation.

In recent years, the number of days with large-scale dust events on both sides of the Dajia
River estuary has decreased from nearly 100 days to single digits.

Issue Forecast data monitoring Response
Fugitive Dust meteorological Dust Water suppression
measuring station
. Pump allocation in
Flood Rainfall Flood sensor high-risk areas
River Hvdrolo embankment Rescue
defense y gy observation station
Illegal Automatic image Monitoring station  Onsite law
interpretation of hot spots g Enforcement
. . CCTV Image Landslide dam
Sediment Rainfall Interpretation response

5 SINOTECH Engineering Consultants, Ltd.

5. Future vision

Introduction of Al Artificial Intelligence

Integrate real-time monitoring and forecasting data to automatically warn and monitor related
disaster prevention and management events

Provide the best response operation process

Gradually introduce Al modules to achieve the goal of intelligent automatic system operation.

Short-term : Data collection and assistance system
establishment

Medium-term: Implementation and learning of Al
systems

Long-term :smart automated system operation

5 SINOTECH Engineering Consultants, Ltd. m




2020: High-Resolution Rainfall Radar Data

Through real-time system analysis of high-resolution
radar rainfall grid data within the corresponding area,
signs of heavy rainfall occurrence can be detected, and
automatic SMS alerts and monitoring can be initiated.

Changhua districts
Zhuoshui River basin

Changhua flood alert groups
Zhuoshui rainfall alert groups

BRIKR : PREZE

» Data spatial resolution:
250m grid

e Temporal resolution:
Updated approx. 2 minutes

Overall alert success rateis % (average)

Over a = % chance of heavy rainfall occurring WI
30 min
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2021: Smart Pump Allocation Module in High-Risk (Urban) Areas

Integrate (mobile
pumps and flood sensors)

Automatically
(units, quantities

and routes)
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Simulation of
flood-prone spots

Assessment of
pump layout points )

Module
development

5 SINOTECH Engineering Consultants, Ltd. m




2023: CCTV Image Intepretation Technology for landslide dam Monitoring

* Image interpretation technology is introduced with the
characteristics of landslide dam

» Automatically monitor risk information to improve disaster
prevention and response effectiveness

Dam body Upstream forms a

« accumulation of \ lake
sediment / » water level rises

* division of water  water area increases
areas

Downstream

water level ~

e water level
dropped sharply

o water area
decreased

. sk b a3
33 SINUIECH Engineering: consuitants, Liax
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The development and
application of an efficient
river flood modeling based on
Cellular Automata framework
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Introduction

e Cellular Automata framework sees the study domain as a
set of equal-sized discretized cells and explicitly evolves the
state of each cell by the generic transition rule.

A 2D study domain

s Square cell Example: Game of life

Si| Sof S3| Si| Ss| Se Cell state . I:::. ﬂ | -
‘e .

S: Liveas 1, Dead as 0

S13| S| Sis| Sie | Sur[ S, State evolution ar
517t+dt F 317,
g S].O’Sll’le, .F

Sz6| Saz| Sog| Szo| Sso| Sz | S A 816181818 "
221923:924)

N\
Sio| S| Sa| Sa2| S| Saa S%

/ Neighbor cells
Transition rule

 Characteristic: explicit, local, generic‘

High performance
computing!

5
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Previously CA studies of our team

e Chang et al. (2021) Overland-gully-sewer (2D-1D-1D)
urban inundation modeling based on cellular automata
framework (Journal of Hydrology) for urban inundation
modeling.

CA-based overland flow model (2D-OFM-CA) + SWMM 5.1 for gully and sewer flows

v" Use water levels to delineate water movement

01 2 3 4

 Used in real-time flood inundation forecasting in Taipei
city (completing a 2-hour ahead simulation in 10 minutes).




Previously CA studies of our team (Cont.)

*Yu and Chang (2022) Modeling particulate matter
concentration in indoor environment with cellular automata
framework (Building and Environment) for 3D indoor air
quality modeling.

a. It simulates four PM transport mechanisms in drift-flux form:

b. It is faster than the FVV model by 4.83-5.65 times.

* Yu and Chang (2023) GPU parallelization of particulate
matter concentration modeling in indoor environment with
cellular automata framework (Building and Environment)

later parallelizes it on GPU such that it can accelerate up to
24.277-76.95 times.

- 0000000000000
Previously CA studies of our team (Cont.)

e Chang et al. (2022) Dynamic-wave cellular automata
framework for shallow water flow modeling (Journal of
Hydrology) for dynamic-wave overland and river flow
modeling (The present study).

* Wang et al. (2024) A novel cellular automata framework for
modeling depth-averaged solute transport during pluvial and
fluvial floods (Water) for 2D solute transport modeling.

a. The proposed CA solver is as accurate as a finite volume model
with the TVD scheme (FV-TVD) but faster by 2.90-3.29 times.

*Yu and Chang (2024) Coupled GPU-based modeling of
dynamic-wave flow and solute transport in floods with
cellular automata framework (Journal of Hydrology, under

review) for 2D dynamic-wave flow and solute transport
modeling.

a. The novel solute transport solver has higher accuracy than the
FV-TVD model but faster by 2.90-3.33 times.

b. After GPU parallelization, the coupled approach reach 56.32-
74.15 times acceleration.




Motivation of the present study

* So far, in fields of overland/river flood modeling, CA-based
shallow water flow models (e.g., CA2D, WCA2D, 2D-OFM-
CA, OFS-CA, CA-fté¢ models) use water levels to delineate
water movement so that they behave like non-inertia
waves.

* They are good for regular flows but incapable of handling
strong discontinuous flows.

_ Build a new CA-based model behaving like dynamic waves!!

7

* How to make the CA model behave like the dynamic waves?

a. Consideration of water velocity should be included in
deciding the water movement.

b. Coupled relation between water depth and velocity needs to
be handled.

* What we have done in the CA-based shallow water flow

(SWFCA) solver (Chang et al.,, 2022; Dynamic-wave
cellular automata framework for shallow water flow
modeling, Journal of Hydrology):

a. Use the Bernoulli hydraulic head to delineate the water
movement to consider water velocity.

Bernoulli hydraulic head (H)

Water level (h) Velocity head

Pressure head ‘ H -

Elevation head

Pressure head

Elevation head




b. Establish five sequential steps to determine the transported mass
and inertia to account for the coupled relation between water depth
and velocity.

Determine flow Determine Determine ‘
direction transported mass transported inertia

Current time

Previous time Avoid artificial
oscillations!

*Principle:

)

Bernoulli hydraulic head
d, +d) H, —H,

2 |

1
Q(O,i),Mann = EI (

O|We|r: I\/—l//
l//:|: _(h/h) :|0385
hy l h, —max |-7.,0) 7, =max(z,,2)

i Bernoulli hydraullc head
Determine the transported mass!

At

dy=d, + I_z |:_Q(0,1) - Q(o,z) + Q(o,3) + Q(0,4)J
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Case study I: Moving shorelines in a 2D frictional parabolic bowl

(moving wet-dry interfaces)

*Used by Sampson et al., (2006), Hou et al. (2013), and Zhao and Liang (2022) for
verifying the accuracy of their shallow water flow models on wet-dry interfaces.
*Square computational domain with a size of 8000 m x 8000 m. Initially, inclined the
water surface with zero water velocity is prescribed to drive the periodic water movement.




*Accuracy comparison at t=1377.68 s is conducted among the proposed SWFCA solver, a

finite volume model with the HLLC scheme (FV-HLLC model), and the widely-used WCA2D
model by Guidolin et al. (2016).

L

The WCA2D model predicts a still water surface.

b. The water velocity of the FV-HLLC model increases to a spurious extent because of
the small water depth.

c. The SWFCA solver predicts satisfactory results.

13

Case study II: Shallow overland flows in a steep V-shape catchment
(steep shallow flows and channel flows)

*Used by Xia et al . (2017), and Zhao and Liang (2022) for verifying the accuracy of their
shallow water flow models on shallow flows on very steep plates.

*Uniform rainfall of a constant rainfall intensity of 10.8 mm/hr on the two hillsides for
1.5 hours.

Hillside

Hillside

~~ Channel




Hillside

Channel outlet

Hillside

Channel outlet

Case study I11: Dam-break flows on channel with a symmetric triangular
bump and open end (dam-break flows)

*From a CADAM test case used to examine the performance of a shallow water flow model

on simulating dam-break flows on idealized terrain.

*Measured water depth hydrographs can be used for verification.

OO O




a. The WCA2D model is inappropriate to simulate dam-break flows.
b. The SWFCA solver predicts almost the same results as the FV-HLLC model.

17

Case study IV: Discharge flows over the Toce floodplain with staggered
buildings (dam-break flows)

Accuracy verification

*From a CADAM test case used to examine the performance of a shallow water flow model
on simulating dam-break flows on realistic terrain.

*Three inflow hydrographs are prescribed on the left edge.




Low inflow

Méidjio infloflow

Case study V: Efficiency assessment based on real-scale Toce

valley dam-break events

*The involved flow condition has an impact on the efficiency of the WCA2D, FV-HLLC
models, and SWFCA solver.

The portion of strong discontinuous flows

Small Larci;e

WCA2D>FV-HLLC Efficiency comparison WCA2D<FV-HLLC
and SWFCA and SWFCA

*Using the original-scale Toce valley as the study terrain.

*The bed slope is decreased by five factors (1,1/2, 1/4 1/8, 1/16), leading to five scenarios
(100.0%0, 50.0%0, 25.0%, 12.5%,6.3% bed slopes)

*A shot-duration heavy rainfall on 21 August 2019 is used as the input rainfall data.

W
=

[ [ [
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Rainfall volume (mm)

0

15:10
15:30
16:00
16:30
17:00
17:30
18:00
18:10

Time

20




The WCA2D model can be The efficiency of the SWFCA
faster than the SWFCA solver solver is higher than the FV-
when the portion of strong HLLC model by 121.0%-
discontinuous flow is small 128.2%

The present study proposes a new SWFCA
solver behaving like dynamic waves.

e The SWFCA solver has the same accuracy as
the FV-HLLC model, particularly in simulating

strong discontinuous flows occurred in river and
urban flooding.

eThe SWFCA solver can be 121.0%-128.2%
faster than the FV-HLLC model.




Thank you for listening!
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o > Fundamentals of Smoothed Particle Hydrodynamics (SPH)
> Lagrangian SPH Shallow Water Models (LSPH-SWM)
> Eulerian SPH Shallow Water Models (ESPH-SWM)

> Summary




Fundamentals of Smoothed Particle

Hydrodynamics (SPH)

open channel flows, 1999 (Shen, HT)

(Monaghan, J.J.)

(Lucy, L.B.) (Gingold, R.A. and Monaghan, J.J.)

(Monaghan, J.J., 2015. The Evolution of SPH. 10th International SPHERIC Workshop)




The so-called “smoothed particle hydrodynamics” or “SPH" is a
explicit meshfree particle method.

Particle: SPH uses a set of particles to approximate a continuum;

Smoothed: a local continuous field is represented by a smoothing
interpolation field;

Hydrodynamics: the word can be interpreted as mechanics.

(Li, S., Liu, W.K., 2004. Meshfree and Particle Methods. Springer-Verlag)

Kernel functions (w) & Smoothing length (l)
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Properties of kernel functions

(1) The integral of a kernel function within its compact
domain should be equal to one.

[o(r,1,)dv =1
Q

(2) As the smoothing length approaching zero, the

(%) ®) @
e .. 9
. . . . - I aQ
kernel function will become a Dirac delta function. 07 )
a W

II!I)I a)(rab' Ia) = 5(rab)

Q 9]
(3) The kernel function should be compactly supported. - o
o(r,.1,)=0 when r, >al, vl

(4) The kernel function is assumed to be symmetric.
o(r,.l,)=o(r,.l,)

V.o(r,1,)=-V,o(r,.l,)

SPH operators

» Summation operator

(4.) =2Vb¢bw(rab 1)

> Differential operator

<V¢>a=h:Z_va¢bvaw(rab,la)

where @ is the physical quantities,
V is the volume of particle and
T4 1S the distance between two interaction particles.

v' Divergent operator in the symmetric form

(V:), =30 (% -4) V.ol )

v' Gradient operator in the asymmetric form

Vo), =§vb(¢a+¢b)vaw(rab,la)




Lagrangian SPH Shallow Water
Models (LSPH-SWM)

Flux m~~,
! 1
! 7 .
- -y D Pathline

Eulerian viewpoint Lagrangian viewpoint
%hw-(hu):o > %T:—hV-U
Dt ot N/

. i — Convective derivative
Material derivative Local derivative

%qu.v)u:—gvmg(so—sf) . %:—th+g(So—Sf)

where U is the velocity vector,
h is the water depth,
Sois the bed slope vector, S is the bed friction slope vector,
and g is the gravitational acceleration.




Research Topic 1:
1D Non-rectangular and non-prismatic open channel flows

In/out-flow boundaries

k inflow zone NP fluidzone . +____°_“_‘f_1‘_’“_”_z_°f‘?___,|
inlet inflow outflow outlet
Riemann invariants boundary boundary boundary boundary
Lo cont. O0O0O0000000KOCOO U+2c = const,
AAAANAAAALAALNANAAA
inflow inner outflow virtual bed
D particle O particle particle A particle

Method of specified time interval
Characteristic equations

up=uL+g(hP—hL)+g(SO’L—Sf,L)At us=uR—g(hs—hR)+g(SovR—Sf‘R)At
C: “ C*: Ce

Xp — X Xs — X

S hte A e
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O Case study: Mixed regime flows in a trapezoidal prismatic channel

Flow

» The trapezoidal channel with n=0.02 s/m1/3is 1000 m long
and its width and perimeter equal to 10 + 2k m and 10 +
2v/2h m. The initial particle spacing is 10 m (100 particles).

» B.Cs:

Inflow boundary condition:
Discharge Q=20 m3s-1
Outflow boundary condition:
Water depth h=1.35m

11




O Case study: Mixed regime flows in a rectangular non-prismatic channel

] /
wvy el
= <
S S
1l I
m m
| |
| |
| |
| |
| | | | X
0Om 0.65m 1.94m 25m

> The rectangular channel with n=0.015 s/m1/3is 2.5 m long.
The initial particle spacing is 0.01 m (250 particles).

» B.Cs:
Inflow boundary condition:
Discharge Q=0.0263 m3s-! and water depth h=0.088 m
Outflow boundary condition:
Water depth h=1.35m
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Research Topic 2:
Sub/super-critical flows in an open channel junction

where Qis the discharge,
his the depth and

Bis the channel width.

2=

. h
v E lit del:
quality mode {h3=h1

v Gurram and Hsu models: {iz ~ 53
2 — '3
v Shabayek model: Equal depth and width are not assumed at the junction.

(Kesserwani, Ghostine, G.R,, Vazquez, J., Mosé, R., Abdallah, M., Ghenaim, A., 2008. Simulation of subcritical flow at
open-channel junction. Advances in Water Resources, 31(2): 287-297.)
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O Case study: Unsteady subcritical flows at a 45° junction

O Case study: Unsteady supercritical flows at a 30° junction

e

14

Research Topic 3:
Coupled 1D and 2D LSPH-SW model for open channel flows

Advantage
» Combining the efficiency of 1D model
and the accuracy of 2D model.

15




O Case study: Converging channel

(b)

y(m)

2D domain
1D domain @ 1D inflow boundary
@ 1D outflow boundary

B
Channel 3 Channel 1
*>---= IB *>--—-—-=--- .
—, |5
5B M
1 Q
. 4
| &
]
(-
2
‘e
.
C 1 I I 1 I
8 -6 2 0 2 4

X (m)
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O Case study: Curved channel

(b) 2D domain

1D domain @ 1D inflow boundary

@ 1D outflow boundary

2B
—

y (m)
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Research Topic 4:
1D and 2D well-balanced and positivity-preserving LSPH-SW models

b=N A _
(%j = A V, (U, —u,) 6;(3" -uS,, + phyc,D,

Z_N . ———> well-balanced

Du O,
(_j =g Vb(zs,a_zs,b) 8xb _gsf.a+Fa

where S, is the averaged bed slope and D and Fare the dampings associated
with the water surface level and the water velocity.

AtcsCFL-min[ A% ] # CFL condition

|u,|+c,
1
Ay <o e 00,)) ———> positivity-preserving
- Vbn (u:b-'-ﬂxn + ch](a;b)
b=1 ab 3

20

O Case study: Chicago Area Waterways System

@ﬁ

Simulation duration = 24 hours (Sep 10, 2008)

21
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Eulerian SPH Shallow Water Models
(ESPH-SWM)

(a) Neighboring meshes

A

v

(b) Neighboring particles

K
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U, F .G _s (U)+s, (V)

ot ox oy
where
H vh uh 0 0
h uvh u*h+1gh? s bs
U= G =|v’h+1gh? F=| uvh S, = 9% S, = I x
hv 1 1 ghso,y _ghsfyy
; 2L - 0 0
b 1_¢qb,y 1_¢ qb,x N

1. HLLC Riemann solver (nonlinearity, discontinuity)
2. Hydrostatic reconstruction method (well-balanced and positivity-preserving)
3. Weakly coupled approach (SW egs. and Exner Eq.)

SW Egs.

Exner Eq.

26
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O Case study: 2D uniform flow in a straight channel

» The rectangular channel with S,=0.0308 and
n=0.001 s/m¥3is 1000 m long and 400 m wide.
The initial particle spacing is 20 m (1000
particles).

» B.Cs:
Inflow boundary condition:
Unit discharge q=15 m2s-1
Outflow boundary condition:
Water depth h=5m

[ | ESPH LSPH

Requwed CPU 10.3 4203
time (sec

depth 6.19x10° 1.57x10"*

v velocity 1.47x10° 1.91x10*

RRMSE
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O Case study: Dam break flow in a scaled model of the Toce river

> n=0.0162 s/m1/3
> The initial particle spacing is 0.05 m (140985 particles).

Discharge (m'/s)

0.4

03

0.2

0.1

0.0

Discharge

60

Time (s)

120

03

180

Depth (m)
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O Case study: Dam-break flow in an erodible channel with an abrupt expansion

U2 Us S2 S4
lo o
o o
ur s S1 S3 S5
32
U2 U6
[o o
o o
ur s
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S2 S4

S1 S3 S5
RRMSE
1=0.99], | Juez et al. (2014)
1.9% 2.0%
1.4% 0.8%
1.4% 1.2%
1.3% 1.8%
0.6% 1.0%
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Summary




e Extra interacting particles ¢ Without the numerical errors

enhancing more accuracy caused by the nonlinear

for some special cases convective terms
Features - e - - i

Easily describing rainfall ¢ No special treatment for wet

and infiltration dry bed transitions

e Much more efficient  Easily tracking interfaces
36
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Introduction

« Due to the extreme weather, earthquake, floods occur and sediment

sedimentation issues are frequently happened in recent years...

0403 earthquake
in 2024

Sediment deposition

After Chi-Chi earthquake y
in 1999

River bed degradation and erosion
No sediment supply
=>»Soft rock exposed

Introduction

eScour is one of the major causes
for bridge failure.

*More than 1000 bridges have
collapsed over the past 30 years
in the U.S.,with 60% of the
failures due to scour.

26 bridges collapsed, Chi-Chi
Earthquake, 09, 1999

More than 150 bridges collapsed,
Morakot Typhoon, 09, 2009




Introduction

2005~2008 Appendix NO.8 to the Agreement between TECRO and the AIT «
2009~2012 Amendment NO.1

2013~2017 Amendment NO.2

2018~2023 Amendment NO.3

2024~continue....

Introduction

SRH-2D, Sedimentation and River Hydraulics — Two-Dimension

New

Submerged
structures

Watershed area

Estuary




AQUA Changes supporting the use of 2D mode”nu

n Surface-water Modeling System

SMS provides a custom interface to the SRH model offering a simple
way to set model parameters and a graphical user interface to run the
model and visualize the results. Gather background data from a variety
of sources from GIS to CAD and access online data from numerous
databases of maps, images, and elevation data. SMS allows you to
interact with models in true 3D taking advantage of optimized OpenGL
graphics and to create photo-realistic renderings and animations for
PowerPoint, print, and web presentations.

The custom SRH Interface in SMS 12.1 and later supports running the
model in multiple simulations and also supports hydraulic structures
such as weirs, culverts, pressure zones, gates and obstructions.

Image Source: FHWA
F 4L J Rk ¢ Scott Hogan, Federal Highway Administration, DOT,USA

SRH-2D Description

SRH-2D is a hydraulic model developed by the U.S. Bureau of Reclamation that incorporates very robust and
stable numerical schemes with a seamless wetting-drying algorithm. The model uses a flexible mesh that may
contain arbitrarily shaped cells, both quadrilateral and triangular elements, which promotes solution accuracy
while minimizing computing demand. SRH-2D modeling applications include flows with in-stream structures,
through bends, with perched rivers, with side channel and agricultural returns, and with braided channel systems.
SRH-2D is well suited for modeling local flow velocities, eddy patterns, flow recirculation, lateral velocity variation,
and flow over banks and levees.

Features and capabilities of SRH-2D include:

@ 2D depth-averaged dynamic wave equations (the standard St. Venant equations) are solved with the finite-
volume numerical method.

€ Steady state and unsteady flows may be simulated.

€ An implicit scheme used for time integration to achieve solution robustness and efficiency

€ An unstructured arbitrarily-shaped mesh is used which includes the structured quadrilateral mesh, the
purely triangular mesh, or a combination of the two.

@ All flow regimes, i.e., subcritical, transcritical, and supercritical flows, may be simulated simultaneously
without the need for special treatments.

€ Model incorporates a robust and seamless wetting-drying algorithm.

4 Output solutions include water surface elevation, water depth, depth averaged velocity, Froude number, and
bed shear stress.




More Grids D Triangular
Unstructured
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Columbia River, USA

Yong G. Lai (2010). Two-Dimensional Depth-Averaged Flow Modeling with an
Unstructured Hybrid Mesh. J. Hydraulic Eng. 2010.136:12-23.

Introduction

Sedimentation and River Hydraulics

& Multi-Agency Adoption
e Federal Highway Administration (FHWA) ~ WRA -
USBR
e Project Collaboration (USGS and Army Corp. etc.)

40ne model development

mSRH1D ~ SRH2D ~ SRH3D -~
U2RANS ~ SRH-Watersheld ~ SRH-
Coast

m Continued Advancement

& SRH-2D Advantaged
m Flexible Mesh

m Stable, Accurate, Ease-of-Use

m Freely Available
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Methodology

® Sedimentation and River Hydraulics — One Dimension (SRH-1D)

« Unsteady flow solution of one-dimensional river flows

« conservation of mass equation: A - cross sectio area:

Ay = volume of bed sediment per unit length;
a(A + Ad ) + aQS =q Q, = volumetric sediment discharge;
ot OX S g, = lateral inflow sediment per unit length of channel;

t = time; x = distance along the river.

« conservation of momentum equation

B = velocity distribution coefficients,
oQ, o(BQ.IA oz - i

Qs + (IBQS ) +9Aa— _ —gASf Z = water surface elevation
X

S = energy slope = (QJQJ)/K
ot ox K = conveyance.

« Simulates the physical processes of sediment transport.
« Sediment transport equation:

%4_(1_ Po)a%_qs =0 P, = porosity.

14




Methodology

® Sedimentation and River Hydraulics — Two Dimension (SRH-2D)

 Depth-averaged two-dimensional equations (2D St. Venant equations)
* Flow Equations:

t = time; X, y = horizontal Cartesian coordinates;
ih ohU n ohv -0 h = water depth; U, V = depth-averaged velocity components in X, y

ot ox oy directions, respectively;
g = gravitational acceleration;

ohuU N ohUuU N ohvuU _ ohT,, . ohT,, _gh o 1y +D. 4D Two Ty Ty, = depth-averaged turbulent stresses;
ot X oy Ox oy ox p X X Dy Dyy» Dyx, Dy, = dispersion terms due to depth averaging;
z =17, + h = water surface elevation (z, = bed elevation);
ohv  ohuv  ohvv _onT, onT, oh 2 .5 LD p = water density;
ot X oy X oy e Tyx: Tpy = bed shear stresses.
 Boussinesq equations:
ou 2
Te=2(v+v)—-=k ) o
oX 3 v = kinematic viscosity of water;
TR v, = turbulent eddy viscosity;
T, =(v+0)| —+— k = turbulent kinetic energy.
Y oy  ox
ov 2
T, = 2(v+v)——-=k
oy 3

15

Methodology

® Sedimentation and River Hydraulics — Two Dimension (SRH-2D)

 Two turbulence models: depth-averaged parabolic model & k-€ model.
« Equation of depth-averaged parabolic model:

o, = turbulent eddy viscosity;
L, = CtU*h C, = ranges from 0.3 to 1.0 (default value=0.7);
U.. = bed frictional velocity; h = water depth.

« Equation of k-¢ model:

ohk  ohUk ohvk & (hy, ok ) o ( hy, ok
—+ +—=—|—"—|+—| —— |+ R +R,—he _ A .
ot ox oy ox\lo,ox) oyl o, oy k = turbulent kinetic energy;

v, = C k?/e = turbulent eddy viscosity.
ohe ohUe ohVe 0 (hy de)| 0 hy de £ g
—+ + =— — |+= — |+C,,—-PR,+P, -C_,h—
a oy oxlo, x) oyl o, oy k k

* The following definitions and coefficients are used (Rodi 1993):

R =2 ) oo X (2 Y
P U ax oy oy ox Py P,, = added to account for the generation
of turbulent energy and dissipation due to bed
R, =C, Y% P, =C,C,C¥*C;#U?/n i .
oo T w=CaCalCC VL friction for the case of uniform flows.
C,=009, C =144, C,=192 0,=13 C, =18~36

16




Methodology

® Sedimentation and River Hydraulics — Two Dimension (SRH-2D)

 Sediment transport equation (Parker, 1990):

000 |_79_[4ﬂ(dk/2)3/3}/pog(5-1) ooy  dw= volumetric sediment transport rate per unit width;
: = =P,G(4); d="* P = volumetric fraction of the kth sediment size class in the bed;

15 15
(/) (w1 ) O \ds 7, = bed shear stress;
11.933(1-0.853/ 4" 45159 0, = v,/[pg(s-1)d,] = Shield’s parameter of sediment size class k;
' ' ' , ' 0, = reference Shield’s parameter;
G =1000218exp[14.2(4 -1) -9.28(4, -1, 1034<1.59 d, = diameter of sediment size class k,
0.00218¢"** ¢<10 ds, = median diameter of the sediment mixture in bed

® Bridge Pier Scouring
* Pier scour = General Scour@ + Constriction scour (Y,) + Local Scour (Y))

Code Sediment transport Eqs.. Code Sediment transport Egs.. Pier Scour De th Formula
EH | Engelund-Hansen (1972) AW | Ackers and White (1973) p N
MPM | Meyer-Peter and Muller (1948) RUN | van Rijn (1984) General Scour (Yg) Parker (1990)

PARKER | Paker (1990) BAGNLOD | Bagnold (1980) . e

WILCOCK | Wilcock and Crowe (2003) TRINITY [ Gaeuman et al. (2009) Constriction scour (Yc) Laursen (1958)
wo [ wy etal. 2000 vO | kuo el (1984) Local Scour (Y) Neill (1964), Shen et al. (1966), Jianmin Wu (1967),
YANG7S | Yang (1973) GARCIA | Garcia and Parker (1993) s Jain and Fischer (1980)Inglis (1949), Froehlich (1991)
YANG79 | Yang (1979) WRIGHT | Wright and Parker (2004)
17

Methodology

® Bridge Pier Scouring

« Estimation of constriction scour (Y,)
Q, = incoming flow; Q, = flow through the piers;
B, = width of incoming water; B, = width of water between piers;

7/6 K, ky
B n
Y. =Y, (&] [—lj (—Zj -1 n, = Manning roughness value of the flowing channel;
Q B, n n, = Manning roughness value between bridge piers;

ki, k, = ratio of shear velocity to particle settlement velocity
« Estimation of local scour (Y,)
Neill (1964) Y, =15D-(Y / D)*®

Shen et al. (1966) Y, =2.5Y -F24(D/Y,)°¢

Jianmin Wu (1967) 1+0.116 LA 1+M
Y, ) 1027 13(Ys/Y,)

Jain and Fischer (1980) Y, =1.86D-(Y /D)**-(F —F.)"®

Froehlich(1991) Y, =0.32¢(D)"®2Y *47F 022 0

D = diameter of pier; Y, = incoming water depth; ¢ = 1.3 (rectangular nose
point); ¢ = 1.0 (circular nose point); ¢ = 0.7 (triangular nose point); point); b
= bridge slope; F, = Froude number; F, = critical Froude number
18




Study Area

® Cho-Shui River is the
longest river in west- O O
central Taiwan.

® The Study Area is
located in the middle
of Cho-Shui River, Q~
56km upstream from
the estuary. 7

® A 16 km longreach
from Ji-Lu Bridge to
junction of tributary
of Chin-Sui River.

Study Area
Agents impacted the River Stability

e Sep. 21,1999
e Change channel slope ~ Increase sediments supply

e 1978~2001

e Slope Discontinuity ~ Limit lateral migration

e 1968 ~1995
e Reduce local sediments ~ Bed elevation




Study Area

Longitudinal Thalweg Evolution

Minju
Bridge

Study Area

XS Soft Bedrock Channel Evolution
2007 |

Ji-Ji Weir
downstream

XS114

XS113




Study Area

Hydraulic Geometry Evolution Minju I eir
Bridge downstream

Study Area

Longitudinal Variation of Bed Material | 1.Re

Minju
Bridge
(XS106.5)




Study Area

.08 Longitudinal Variation of Bed Material
: A 1993 ]—
| b = 2004
i 1 —=-2016 |
AE A a2017| A
i Weir : :
1117.5) | !
Ay i E
Minju Bridge ! ‘\'m_
(X5106.5) — D |es2s)
115 120 125 130
AD INO. 1IOIIL UIC Dbtudly

Study Area : Topic 1

The catchment area of
<«——  Zhuoshui River

Zigiang Bridge Minju Bridge
A .

P
[—

@ Zhuoshui River

Ji-Ji Weir

Dongpurui River

Qingshui River

Xibin Bridge Zhongsha Bridge
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Study Area

® SRH-1D & SRH-2D model building

« Modeling range of SRH-1D: from Chi-Chi Weir to the estuary
« Modeling range of SRH-2D: the area of Minju, Zhongsha, Zigiang and Xibin Bridges

Q — D 0

27

’ Zhuo-shui River basin ‘

rain gauge stations

-

The adapted rainfall data in the watershed is provided by the Central Weather Bureau and upstream
hydrological conditions are provided by Water Resources Agency. The downstream boundary condition of
water level is set at Tai No.61 Western Coast Expressway. We also applied the rainfall runoff model (Hsieh,
1999) for the upstream boundary condition combining with downstream tidal prediction for bridge pier
scour depth forecasting.

slide 28




Now =»SRH-W is developed flood discharge forecasting

B Flood Early Warning System (FEWS) is currently be used during flood duration by Water
Resources Agency. The function of FEWS provides real time hydrological information
and platform for hydrological information prediction [Taiwan Freeway Bureau, 2012].

B FEWS is developed by Jave language and its operation interaction could be set up by
XML internet language. This system provides more friendly and feasibility to integrate
different hydraulic modes. The integrated problem between different models during model
establishment, investigation and data exchange are not needed to worry about.

calibration - 2018 Typhoon Sinlaku at Chi-Chi weir ‘ verification

® SRH-2D modeling (Heavy rain event in June 2016) — water depth & velocity

water depth velocity water depth velocity
Minju Bridge Zhongsha Bridge
water depth velocity water depth velocity

Zigiang Bridge XiBin Bridge

30




® SRH-2D modeling (Heavy rain event in June 2016)
® results of erosion & deposition

XiBin Bridge Zigiang Bridge Zhongsha Bridge Minju Bridge

31

The monitoring sensor of bridge pier scour and numerical model are

implemented to study the prediction of bridge pier scour depth. As a
result, in this study, the development principle is that a Micro-Electro-
Mechanical System (MEMS)-based vibration sensor by the turbulent
flow vibrates at significantly higher amplitudes surrounded by bridge
piers up and down the river bed (Lee et al., 2014, 2017). The sensor
setup located at the P4 bridge pier of Mingchu Bridge and setup depth
ranged from river bed to the elevation level (EL.) 143m, the deepest
monitoring depth is constrained at EL. 143m.

Sensors

¢




® Results displa

Play @ It seems that the depth of bridge
pier scour is accompanied with
hydrological patterns. It presents
the hydrograph of field scour depth
monitoring data and consists of the
scour and deposition process during
typhoon events.

@ Based on the simulation results,
Shen et al. (1966) is over estimated
on the bridge pier scour depth and
Forehlich (1991) is lower estimated
on the bridge pier scour depth.
Inglis(1949) and Jain  and
Fisher(1980) are relatively agree
with the maximum scour depth
estimation. However, the
mechanism of deposition process
cannot be simulated well by all
equations.

33

Study Area: Topic 2

Longitudinal Thalweg Evolution

Minju
Bridge




Model Capability
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Modeling of soft bedrock channel evolution with a coupled modified bank stability and toe erosion model

Adopted Numerical Model

SRH-2D Governing Equations (Lai, et.al, 2010)

2D Depth-Averaged St. Venant Equations

oh ohU ohVv ohU éhUU ohvU ohT, ~ohT, o7 Ty,

—+—+—>=0 =t —Z _—gh— =

ot x oy a - x oy x oy X p
Total-Load Approach (Greimann, et. al, 2008 )

Direction angle of Transport mode Angle of the bed-
sediment transport parameter shear stress

%Jr[;’cos(ozk)ﬁkv,hck +6sin(ak)ﬁkv,hck _ g(hf b &)Jri hf. D oC, 48
ot 154 oy ox KXoy oy k=y oy ek
Bedrock Erosion Module (Lai, et.al, 2011)

Hydraulic scour Abrasive scour

. . E=tht(Tb—1JFe+Ea Ea:0.0Bka(y—l)gqs[i—lji {1—[i” F,
Kuowei Wu, K.C. Yeh and Yong Lai Ton 7 o,

Velocity ratio




Methodology

Bank Erosion Model

Alluvial Bank Erosion
e SRH-2D e linear
Prediction e Wetted Bank Retreat
Face Lateral Model
Erosion
Erosion
Modified

Clays
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]
10 00 1000 10000 100000
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Methodology
Soft Bank Lateral Mechanism Bank Erosion Model

Soft Bedrock Stratum Orientation

e Strike and Dip Direction
¢ Flow Direction

Sediment Supply and Sediment Transport Stage

e Maximum incision rates occur at moderate sediment supply
rates

Abrasive Scour to Combined Scour Ratio

e Abrasive Scour dominate the uniform rock erosion zone

¢ Hydraulic Scour control the Head-Cutting Zone

Dimensionless Channel Width Limitation

¢ Bank-full Discharge
e Critical Dimensionless Channel Width




Methodology

Bank Erosion Model
Pro
Ero.

Stream Node G’ tt, - / o
o, = J' E.dt W = j g dt 2

E.=E, +E, oA I
05 2te )
=KV, [Tb—l] F, +0.08K, (¥ —1)gq, (’b-lj [1-[ e ] ] F
Teh Tai @y

g =k(rlr,-1)

Where Kk, = erodibility coefficient

Methodology

Bank Erosion Model

g =ky(rl7,-1)

Erodibility Rock Stratum Sediment Dimensionless
coefficient Orientation Transport Stage Channel width
k, =

Ak [ (4.7, )sina, |, /0] [ 12.] [E./E.] 4,
@ \“ gﬁf)ig;rlgate Abrasive Scour

to Combined
Scour Ration

k, =k A[E, /E,]




Model Setup
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Model Application

Disc!arge at Upstream
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Bank Representation

Minju
Bridge
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Model Application

Ji-Ji Weir

2010-2012

Alluvial Soft
XS104- Bedrock

XS5106.5

XS112-XS115

Model Validation
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Model Parameters Model Application

) . Mixing Layer
Reference Manning Adaptation Thickness

Transport ©
Equation Shield No. Roughness Length(m) (m)

200

- Erodibility Saturated_
Alluvial Bank C:ltt:::i ?Bg)a r coefficient Angle of repose Porosity Weight
Para(*mﬁters (ms-1) (N/m3)

Sediment

Soft Critical shear Erodibility — : Sa‘;‘l’;iagtftd—
Bsdrock tBank stress (Pa) c°(er:1f':_':)"t Cohesive (Pa) e (N/m3)
arameters
*

o —— Abrasive Critical shear

Bedrock hvdraulic erodibility stress for Young Tensile
Erosion er‘édibility parameter Hydraulic scour Modulus Strength
Pa rameters (ms?/kg) (Pa)
(*1) k, =5.0<107|  225~900

@ (*1)Model and Bedrock Properties : Lai, Y.G., Greimann, B.P. and Wu, K. (2011)
@ (*2) Alluvial Bank Properties : Yong G. Lai and Kuowei Wu (2014)
@ (*3) Soft Bedrock Bank Properties : Test and Validated in this study

Model Application

+ 1. Erosion Depth in 2013

Measured Erosion Depth

Simulated Erosion Depth
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+ 2. Alluvial Bank Erosion Model Application

Simulated Banktop in Dec., 2012
Measured Banktop in 2010

Measured Banktop after 0610 in 2012

—— Measured Banktop in Dec., 2012 ‘
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'+ 2. Alluvial Bank Erosion .

Simulated in 2012 NOV.

Initial in 2010 NOV.
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'+ 2. Alluvial Bank Erosion

With and Without Bank Retreat

XS105

XS105B
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= B = With Bank Preditionin 2012 = B = Without Bank Prediction in 2012

4 3. Soft Bedrock Lateral Erosion
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4 3. Soft Bedrock Lateral Erosion

Initial in 2010 NOV.

Simulated in 2013 NOV.
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"+ 3. Soft Bedrock Lateral Erosion

With and Without Bank Retreat - -

XS113

XS114

Distance trom Lett Bank Section Pile (meter) 50




Results
,, + 3. Soft Bedrock Lateral Erosion

With Bank Retreat

XS114

XS113

5ils

Conclusions

» The lateral erosion rate of soft bedrock is
relative smaller than alluvial one, which
imply the channel widening of soft
bedrock takes longer time scale.

Soft Bedrock

Channel
Evolution

» The proposed model could capture the
bank retreat timing and distance well in
both alluvial and bedrock channel.

The under prediction of bank erosion in the
lower part of soft bedrock bank profile
points to the need for further refinement.







