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1. Overview of Flash Flood and Landslide in Vietham

Damage caused by flash flood and landslide

o Occur in most of the provinces in the North
and Middle of Vietham

o 1953 - 2016: /NE, 448 times
(Ave.: 7 times /year)

HOANGSA

o 2000 — 2015: & 779 ppl.

; &; 426 ppl.

L2 250 times ﬂ 9.700 houses
(Ave.: 15-16 times/year) *@100.000 houses
‘3§'€ 75.000 ha




1. Overview of Flash Flood and Landslide in Vietnam

Damage caused by flash flood and landslide

In 2018, in the north mountainous area:

% 10.300 billion VND (52%)




1. Overview of Flash Flood and Landslide in Vietham

Characteristics of Flash flood and Landslide in Vietham

Sapa
Phong Tho azrgonggg) (1974,1993,2013)
(1958,1992,1996
o Most of flash flood and 2002,2014)
landslide occurred in
remote locations A GIaNG CAO BANG

o Those disasters happen
every year in Vietnam,
and its frequency tends to

increase Muong Lay
(1970-1997: 6 times,
1994: 2 times)

(1975,1991)



1. Overview of Flash Flood and Landslide in Vietham

Nam Pam, Son La 02-03/8/2017
& 15
A 15
12\ 279



1. Overview of Flash Flood and Landslide in Vietham
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Mu Cang Chai, Yen Bai 03/8/2017




2. Legal Documents on Management of Flash Flood

and Landslide in Vietnam

The Vietnam Parliament and Government have provided laws and strategies
related to disaster risk management which include flash flood and landslide:

v' Law on Natural Disaster Prevention and Control (2013)
Law on Dyke Management

Law on Forestry and Forest Development Strategy
Law on Environment Protection Strategy

Law on Water Resources

Land Law

D N N N N N

Law on Mineral Resources



2. Legal Documents on Management of Flash Flood

and Landslide in Vietnam

o June 18, 2018, the Government promulgated Resolution No. 76/NQ-CP
on natural disaster risk management, in which it emphasizes *
identifying the location where flash flood and landslide have high chance
to occur in order to implement structural and non-structural solutions”.

o July 13, 2018, Prime Minister promulgated Directive No. 19/CT-TTg on
flash flood and landslide prevention.

o November 29, 2018, the Government promulgated Decree No.
160/2018/ND-CP on guideline of implementing the law on natural
disaster prevention.



03. Solutions on Flash Flood and Landslide Prevention

3.1. Enhance the early
warning system

Debris flow early warning
design in Ban Khoang, Sapa
Distr., Lao Cai Province

(Cooperation of VIGMR and
SWCB, Agrimedia)
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03. Solutions on Flash Flood and Landslide Prevention

3.1. Enhance the early warning
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03. Solutions on Flash Flood and Landslide Prevention

3.2. Raise community awareness of flash flood and landslide

VNDMA applies technology and science in communication and raising public
awareness of natural disaster in general and flash flood and landslide in particular

o 1= SMs

: E-learning
Social Network

Smartphone App Message

Visualization



03. Solutions on Flash Flood and Landslide Prevention

3.2. Raise community awareness of flash flood and landslide
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03. Solutions on Flash Flood and Landslide Prevention

3.3. Provide warning equipment for communities where flash
flood and landslide can occur

Hand over the early warning equipment
to local authorities; training community
based disaster risk reduction

» Green Annamites project (USAID)
(7/2019)

« Thanh Phat Co. Ltd. handed over
500 sets of portable speaker to
village chiefs in 09 provinces in the
North mountainous region (5/2018)

Instruction of portable speaker in Phong
Binh commune(Thua Thien Hue Province)



03. Solutions on Flash Flood and Landslide Prevention

3.3. Provide warning equipment for communities where flash

flood and landslide can occur

July 2018, VNDMA and Agrimedia provided:

o 500 automatic early warning devices for rainfall in 09
provinces in the North region;

o 10 automatic early warning devices for flood water
level, traffic lights and 02 iMetos (intelligent

automatic meteorology station, EU standard) in Lao
Cai and Yen Bai Province.

BIEN BAO
MUT NUUC NBAP

Flood early warning
system

L RS
Rain gauge and threshold
measurement



03. Solutions on Flash Flood and Landslide Prevention

3.3. Provide warning equipment for communities where flash
flood and landslide can occur

Advantage: Have effect
immediately, help people in the
disaster zone to respond promptly

Disadvantage: Depend on the
user’'s responsibility

Muong La Distr., Son La Province



03. Solutions on Flash Flood and Landslide Prevention

3.4 Strengthening activities of private sector

Agril\/l‘e’dio

Weather & Agriculture Solutions

WATEC developed the automatic
rain gauge system VRAIN
August 2018: 300 stations

Agrimedia provides solutions
for weather and agriculture

Number of station

(6/2019) 167
Water level station 34
Rain gauge station 85

Multi-purpose station 48

Complete equipment,
service packages
from installation to
operation and
maintenance

Easy access via
internet (browse,
smart phone
application)




03. Solutions on Flash Flood and Landslide Prevention
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03. Solutions on Flash Flood and Landslide Prevention

Data Output and station system of Agrimedia

Thdi tiét tram: Hai Phong - Cat Ba - Flamigo Cat Ba DO20S719_Hal Phong « C:
o nhdp ae: 16:00:07 - 14/08/2019

Ba-Flamigo _ ~

C* NHIET DO 3261°C Binh thudng
L voim 7494% Binh thutng
Q Ry ek K Bicxy Luongmua O3 uitla N 43 diéem Hurimg
DIEM SUONG » o .
Diigha BT Unegma 0)uitl Wb () D3imy) - Tecdsgomn)  inaS
- wm o tme  ae ma we mm mn ome me e ome
BUC XA 999 W/m2 Bding ° ne  me nu  Em B® S M 72 i n2-
° n8 18 26 % 7504 nu 73 2 648 m 07,
[y "
= TCRGGIO 72kmih Gid cdp 2 ° . nZ  WN N w4 MY 63 ORI T+ 8 9
o s 3398 1w nw 7295 " o 54 L+ 106
B
(o) o sy i o s wms owx ms me wm w@s  wmr sw e s
° BN W NN MB MR MW w2 we  se w1
) LUGNG MUA 0 mm Khéng mua
° 343 3385 3305 75N 7855 747 85 33 684 864 0
" - - . = -~ = X 0 ne 18 334 750 nn Tads s n3 7% L¥-] wr
Cip nhip e 16:00.07 - 14/08/2019
° - M8 M8 uw n2 8 0 26 26 54 b 23
o wueroo 261°C Binh thutng ms o . mw Mz wm me Tw nu  wr me e m
ass 0 VO M2 NQ T %k NR 86 WS 6w 7% 1

T Cm Tmes  Thip
e ok Beh sk

wee  mm e 3248
1o

13 nw ne ne
1208

e BH By ne
1008

s; ;e ms ;e
1608

e NM ne N
1600

Bx ms nm 6
1208

10 s no e

Agrimedia stations



03. Solutions on Flash Flood and Landslide Prevention

3.4. Strengthening activities of private sector

Advantage: Disadvantage:

o Utilize the resources from private Lack of National standard for
sector imported equipments

o These companies (Watec,

Agrimedia...) are capable to
research and apply up-to-date
technology that is suitable for
Vietnam

o Provide many services




03. Solutions on Flash Flood and Landslide Prevention

3.5. VNDMA is proposing programs and projects to prevent flash flood and
landslide

o Project “Installing and testing the early observation and warning system in order
to reduce risk of flash flood and landslide at high-risk locations” (2020 -2025)

o Program “Building observation, warning systems and construction to prevent

and respond debris flow at high-risk locations in the north mountainous area’
(2021-2025)

o In cooperation with JICA: Strengthening the capacity to cope with and minimize
damages caused by flash floods and landslides for the north mountainous area
(2019-2022)



03. Solutions on Flash Flood and Landslide Prevention

Project: Installing and testing the early observation and warning system in order to
reduce risk of flash flood and landslide at high-risk locations

Nam Pam, Muong La, w3 o
Son La e T 2 = Ong Tuong Hill, Hoa Binh

Mu Cang Chal Yen Bal



03. Solutions on Flash Flood and Landslide Prevention

Program: Building observation, warning systems and construction to prevent and
respond debris flow at high-risk locations in the north mountainous area

supporting construction
to prevent debris flow

of structure and non-
structure system,
communication on flash
flood and landslide

Program




4. Conclusions and Recommendations

4.1 Conclusions

o Flash flood and landslide occur more often and cause huge loss,
especially in mountain area

o Socialize in field of disaster prevention has utilized resources from
private sector and proved its potential

oThe early warning system that was invested by foreign organizations

has only created an approach to new technology and it requires more
time to evaluate.



4. Conclusions and Recommendations

4.2 Recommendations

o Mandate immediately the Resolution No. 76/NQ-CP on natural disaster risk
management

o Focus more on flash flood and landslide research

o Taking more actions on education; rise community awareness; complete
guideline for flash flood and landslide

o It need to implement soon the pilot project of early observation and warning
system for debris flow in the north mountainous area

o Develop planning on flash flood and landslide prevention, especially at the
high-risk locations

o Provide policies to support private sector for disaster management in general
and flash flood and landslide in particular
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2\I'he Central Steering Committee for Natural Disaster Prevention and Control
| STANDING OFFICE

REPORT

FLASHFLOOD AND LANDSLIDE IN QUAN SON DISTRICT,
THANH HOA PROVINCE

AND EXPERIENCE LESSONS

Ha Noi, October 2019
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I. FLASHFLOOD AND LANDSLIDE IN SA NA VILLAGE AND IN SOME
OTHER LOCATIONS

1.1 MAINTENANCE AREAS: NORTH AND NORTH CENTRAL REGIONS

2018: 14 floods; deaths and missing: 82 people (70% nationwide), damages: VND 10,300 billion (52%
nationwide)
Early 2019 so far: 6 floods; 27 deaths and missing and damages estimated at VND 1,000 billion.

—

Mudng Lat- Thanh Héa (2018) Mudng La -Son La (2017) Sin Ho - Lai Chau (2018)

06 deaths; damages: VND 732 15 deaths; damages: VND 705 23 deaths; damages: VND 270
billion billion billion

Thanh Héa (aftermath of typhoon No. 3 ):

» 16 deathsand missing (Quan Son 13, Muong Lat 3)

> Estimated damages: VND 914 billion



I. FLASHFLOOD AND LANDSLIDE IN SA NA AND IN SOME OTHER
LOCATIONS

1.2 SA NA VILLAGE, NA MEO COMMUNE, QUAN SON DISTRICT

> 10 deaths and missing (06 people are buried
in soil and rocks, not yet rescue)

» 35 houses completely collapsed; 02 schools
and 01 cultural house are drifted away.

Cultural house

L *
- >

S -



Il. CAUSES AND LESSONS LEARNT

1.1 TOPOGRAPHICAL CHARACTERISTICS, ECONOMIC PEOPLE

U Sa Na village is located along Son stream which originates in *
Laos. The elevation of the catchment area (the highest point
of the basin) is 1,722m; (in Sa Na, it is at el. 1,600m). About
2.4km away from Sa Na village, the Son stream is narrowed
(57min difference between the widest and narrowest
sections).

O 74 households are allocated along the stream which is 6-7m £
higher than stream bed;

4 Transport condition: there is a unique path along the Son
stream to the Sa Na Village.

U The combined community cultural house and shelter is
located 10m higher than the stream bed;

O Inthe flood season, the Sa Na village is often flooded;

Causes

U The catchment area is large and steep
which relates to quick concentration of
flood water and flashflood is inevitable.

Whete - tH& Son <treBm O The Son stream bed becomes narrow

narrowed (57m in differend and widen to create bottlenecks as a

e ISy widestia precondition of a natural dam to raise
®s narrowest sections).

, water level.

Lessons learnt:

Q Itisrisky for residents living near the
stream banks

O The shrunken parts of streams can result
in swollen sections and cause flashflood.




Il. CAUSES AND LESSONS LEARNT

11.2 Flood forecast and warning:

-  FORECAST

Day 2 August (National Centre for Hydro-Meteorological Forecasting (NCHMF) in Thanh
Hoa Province: Heavy rain with a total rainfall of 200-400mm (the specific rainfall in
Quan Son district cannot be forecasted).

- REALITY
Heavy rain during 3 a.m. -7 a.m. o 03 August in Na Meo district; the rainfall is over
200mm and increases by 70.3mm / h (at 7a.m. on 3 August).

Causes:

It is impossible to forecast rainfall in a short period of time, especially high intensity
rainfall.

It is impossible to forecast rainfall from the upstream part in other territories

Lessons learnt:
Install immediately rain gauging stations and disaster warning devices in areas prone
to flash floods and landslides.



Il. CAUSES AND LESSONS LEARNT

11.3 DISASTER RESPONSE STEERING ACTIVITIES

-All people in the village were timely informed so they carried following activities
very quickly:

-- At 7h40 a.m. (3 August) during the first flood: all local people have been
evacuated to the community cultural houses, and they returned to their home
after that.

-- 8 a.m. (3 August), the second flood has swept away 22 houses; 11 houses and
cultural houses collapsed and 02 schools collapsed

Causes:

The flood was too big and happened unexpectedly

The obstructed section on Son stream where the stream becomes narrow
burst and caused flash floods;

Lesson learnt:

There should be response plans for heavy rain and floods

Obstructed flow should be cleared.

Evacuation areas must be minimally equipped and ensure safety of people



1. MOT SO TON TAI VA GIAI PHAP KHAC PHUC

111.1 CONG TAC PHONG NGUA

CHALLENGES

SOLUTIONS

» Most of local authorities have not
inspected residential areas to ensure
that they will be safe enough before
flashfloods and landslides;

Flashflood and landslide
preparedness and response plans are
not specific and practical and are not
synchronously implemented at
grassroots level.

4-on-the-spot: limited supplies and
equipment (life jackets, minimum
equipment needed for rescue are not
available).

» Proactively check safe shelters for

the possible evacuation of affected
people; Check, detect and clear flows
at blocked points.

Prepare evacuation plans for people
living in areas of high flashflood
risks; prepare plans to approach the
(solated areas.

Prepare food, daily necessities,
medicines, natural disaster
prevention and control facilities
(flashlights, life jackets ...). Equip
traditional devices (portable
speakers, gongs...)




I1l. SOME CHALLENGES AND SOLUTIONS
111.2 DISASTER RESPONSE ACTIVITIES

CHALLENGES

SOLUTIONS

* The area was reached only 2 days after the
disaster

» The area is isolated area for a long time

- Communication system is interrupted and
no information of the affected area is
available and

AND as the resuc; ~drch and rescue and
response measures cannot be worked out and
launched to timely save affected people

a

Q

a

Q

There must be a plan to mobilize
vehicles and equipment for
response activities ((installing
floating bridges, amphibious
vehicles, string guns ...).

Having backup equipment to
ensure smooth communication;

There is a plan to immediately
reach affected people.

Having equipment (drone etc.) to
get necessary information of the
disaster affected areas.

arrived the site




IV. THINGS TO BE DONE

1. Immediately prevent illegal logging activities (if
any);

2. Prepare plans to ensure smooth communication
in all situations;

3. Mobilize forces to restore traffic, information
system, electricity grids, public works, utilities...

4. Collate data and estimate damages, propose
supports and allocate resources appropriately
and to right people in need as regulated,;

5. Reconstruct after natural disaster adopting “build
back better” in association with new rural
development; resettlement of relocated people
should be associated with sustainable livelihoods
and production transformation.

Mudng La -Son La
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VIETNAM MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT
DISASTER MANAGEMENT AUTHORITY

INTRODUCTION OF JAPAN TECHNICAL STANDARD
FOR DESIGNING COUNTERMEASURES AGAINTS
DEBRIS FLOW AND APPLICATION IN VIETNAM

1. Hydraulic Construction Institute (HyCl), Vietham Academy for Water Resources;
2. Department of Science Technology and International Corporation;

3. MARD JICA experts;

4. Nippon Steel & Sumikin Metal Products Vietnam Co., Ltd.

Dr. Ba Thao VU,
Head of Department of Geotechnical Engineering, HyCl;
Email: vubathao@gmail.com
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OUTLINE

1. OVERVIEW ON STRUCTURAL COUNTERMEASURES
AGAINST DEBRIS FLOWS

2. MAIN CONTENTS OF SABO DESIGN STANDARD

3. APPLICATION OF STANDARD FOR MU CANG CHAI
DEBRIS FLOW

4. CONCLUSIONS

BO NONG NGHIEP VA PHAT TRIEN NONG THON | TONG CUC PHONG CHONG THIEN TAI

40 | Lapdatthir nghiém hé théng gidam sat, canh bao It quét, sat I§ dat | Ha Noi, 05/11/2018



1. OVERVIEW ON STRUCTURAL COUNTERMEASURES
AGAINST DEBRIS FLOWS




DEBRIS FLOW IN MUONG LAY 1994 ( V.C. MINH)

ROCK, SOIL,
DRIFTWOOD IS THE
MAIN FACTOR OF
HARZARD

42



VIETNAM DEBRIS FLOW DISASTERS

In the last 20 years, natural disasters have resulted in about 10.800 people
dead or missing and caused an annual loss of 1.0-1.5% of GDP (VND
20.000 billion). Northern mountainous region: Frequently occurrences of
natural disasters such as flash floods, landslides, heavy rainfall,
thunderstorms, etc., especially debris flow, flash floods and landslides
caused serious damage and tend to increase.

Dead and missing

BT By Flash flood, landslides in ~ Whole o
Northern mountainous country

2014 19 133 15

2015 20 154 13

2016 31 264 12

2017 95 376 25

Average 47 375 12




NUMBER OF DEBRIS FLOW, LANSLIDE INCREASING

B S6 1an xuét hién ...

30

25

20

15

10

* Debris flow, landslides most often occur in the mountainous and
midland provincesin the territory of Vietnam.

* From 2000 to 2016, occurred more than 250 debris flow and
landslides

* Density of debris flow and landslides tend to be increasing and
intense, especially in 2017.



PRINCIPLE OF DEBRIS FLOW

| OCCURRENCE AREA

L-------------

I FLOW AREA

L-------------‘

| DEPOSITION AREA

| DISASTER AREA I~

DEBRIS FLOW WITH
ROCK, SOIL,
DRIFTWOOD IS THE
MAIN FACTOR OF
HARZARD

BO NONG NGHIEP VA PHAT TRIEN NONG THON | TONG CUC PHONG CH
45 | Lap datthir nghiém hé théng gidam sat, canh bao It quét, sat I§ dat | Ha Noi, 05/
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01 Lũ quét trầm tích đáy độ dốc đáy 2 độ.wmv
02 Lũ quét bùn đá hỗn hợp - độ dốc đáy 7 độ.wmv
03 Lũ bùn đá - độ dốc 15 độ.wmv
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Occurrence and Erosion Control \\ ’ ' nghiép béo},(

| FLow AREA |

Capturing debris flow, Reduce flow
energy, Erosion Control

| bEPOSITIONAREA |

Capturing debris flow, Sediment
Deposition, Direction Control,
Guiding debris flow
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OCCURRENCE CONTROL: /,/
/g
1. Close sabo dams

2. Plants |'
i
\/

FLOWING CONTROL

1. Open or haft-open sabo
dams
2. Plants

Giai phap l1am
nghiép bao vé
mai dbc

HAZARD MITIGATION:

1. Open or haft-open
sabo dams

Sand pond

Chanel work
Training wall

Forest

akhowbd



FUNCTIONS OF SABO DAMS

(1) The accumulation of sediment prevents the erosion of the riverbed and
also makes the riverbed slope less steep to make the water flow slower

Before dam construction

The less steap riverbed makas tha
walar flow slower, This causes larger
slonas (o dapasit in the upper stream.

IIZ'TI'E riverbed raised by the Riverbed ralzsed with
accumulation of sediment prevents gediment accumulation.
hillside landslide and also makes
tha river width wider resulting in
slower water flow.

Broadened river width "'\'l."u'ith no further landslida, the

resulls in slowar flow

hillside becomes more stakls,

http://www.sabo-int.org/dott/river.htm|
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FUNCTIONS OF SABO DAMS

(3 Tha dam prevents a lange amount of sadiment runodf at a time.

Befora a flood When a large amount of The amount of sediment
-I"-Fd- L . i " 9 =gk
sgdiment flows in _1'___? rumedt s reduced

-~
| |
Sediment s accumulatad until The amound of sadimeant as shownis  When sadimeni runcl? from the up
tha space in the upstream side retainad hare in case af a large tiream decraases, bthe asccumulaled
of the saba dam s filled up with amcunt of sediment runall at a lime, sadimant iz carried away o craala a
gadimant space bo retain sediment in case of &

fulura large Noad,

A sabo dam prevents riverbed erosion, hillside landslide and
a large amount of sediment flow at a time by accumulating
sediment in it.

http://www.sabo-int.org/dott/river.html 50
http://staff.civil.ug.edu.au/h.chanson/sabo.htm|


http://www.sabo-int.org/dott/river.html

PLANING OF SABO DAMS BASED ON PROTECTIVE AREA
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EFFECTIVE OF DEBRIS FLOW f@)

F
.

EFFECTIVE OPEN TYPE

OPEN DAM } IS USEFUL
TO CAPTURE
DRIFTWOOD
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05 Đập hở hiệu quả, đá to chảy trước.wmv
09 Đập hở chắn gỗ đá hiệu quả - nhìn mặt bên.wmv
04 Đập hở hiệu quả.wmv
08 Đập hở chắn gỗ đá hiệu quả.wmv

EFFECTIVE OF DEBRIS FLOW

LARGE

CLOSED DAM IS NOT GOOD

FOR CAPTURING DRIFTWOOD DEBRIS FLOW CAUSED BY

DAM FAILURE
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06 Đập hở quá rộng ko hiệu quả.wmv
10 Đập kín chắn được đá, ko chắn đc gỗ.wmv
13 Lũ bùn đá do vỡ đập tự nhiên - nhìn mặt bên.wmv

2. MAIN CONTENT OF SABO DAM DESIGN STANDARD

BO NONG NG llll‘ P

VA PHAT TRII&N N()N(- THON Pc Idp - Ty do - Hanh phiic

42671 10D BNN-PCTT

S6:

Ha Néi, ngay 18 thang 4 nam 2019

QUYET PINH
Vi vige chép thudn ap dung tiéu chuin nwée ngoai
BQ TRUONG BQ NONG NGHIEP VA PHAT TRIEN NONG THON
QUYET DINH:
p thuén tiéu chua in k¥ thuat duge chuyén dich tir Bo tiéu chudin ( uy
hoach va thiét ké cong trinh phong, gl\nn“ 1t ban da, gb wdi (Technical standard for
etablishing Sabo master /7/(//[ and designing sabo facilities against de. /u/\ flow and
dr I//n'uru/ Tiéu chudn so 904-4/2016 va \u 905-4/2016 cua Nhét Ban vé Quy hoach
Vel thiét ké cong trinh dap ngdn bin da, g6 tréi) dp dung trong cic Du an thi diém

Piéu 1. Ché

Xy
dung dép ngédn bin dd phong, chéng va giam nhe i ro 16 bun dd tai Viét Nam

Piéu 2. Giao Tdng cuc Phong, chéng thién tai theo dai vié
duge chuyén dich;
xdy dung tiéu ch
bun dé va gd troi.

ap dung tiéu chuan

»n

sau khi hét thoi gian lln diém, t6 chire tdng két, danh gia, dé xudt
n k¥ thudt Vigt Nam vé& Quy hoach va thiét ké cong trinh dap ngéan

Thoi gian thi diém: 6 nam (tr 2019-2024),

CONG HOA XA HOQI CHU NGHIA VIET NAM

MARD decided to
apply Japan Sabo
dam design
standard in Vietnam
from 2019 to 2024.
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Case study

Engineering Construction Design

Artificial Vegetation Debris Flow !
Recovery Monitoring station

Slit dam

BO NONG NGHIE] . . .
PRI Structural and nun-structural countermeasures for a debris flow areain Taiwan



3. APPLICATION OF SABO DESIGN STANDARD
FOR DEBRIS FLOW IN MU CANG CHAI, YEN BAI
PROVINCE

1. Dr. Vu Ba Thao, Hydraulic Construction Institute, VAWR, VIETNAM
2. Dr. Akihiko IKEDA, Sabo & Landslide Technical Center, JAPAN



Recent activities on application of sabo standards

Field survey on debris flow Clo§ed dam, channel works Visiting a closed dam in Kyushu,
in Tokyo, June 2019 behind the dam are needed, June 2019

Kyushu, June 2019

7 g hng

Closed dam wa repaired o be an _
open dam for capturing more Debris flow m(_)del t est A large open sabo dam in Kyushu
driftwood at Kyushu University
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(1) Outline of 2017 debris flow

Location: MCC dist., Yen Bai
province

Date: 4 a.m. 2/8/2017
Damage: 15 dead and missing,
279 houses collapsed and
destroyed, road and bridge
seriously damaged

Trigger: Rain

N . 4
BO NONG NGHIEP sy
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(1) Outline of 2017 debris flow

/ {Steetum,
/ e
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(1) Outline of 2017 debris flow

Main source area of debris
flow (shallow landslide)

Huge rocks (main part of

debris flow) deposits at Disaster area (muddy
upstream of school debris flow, driftwood)

¥



(1) Outline of 2017 debris flow

3 August 2017
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(2) Recent Condition of Catchment

Occurrence/Source (slope/hillside) area of debris flow (shallow landslide)

» The surface of shallow landslides are
covered with vegetation.

» Depth of landslides are
approximately 0.5m-1.0m.

» Base rock of the landslides are
weathered.

» Landslide soils are not remained at

the foot of landslides. It may flushed

toward downstream by the debris

BO NONG NGHIEP VA PHAT TRIEN NONG THON | TONG CUC PHONG CHONG THIEN TAI
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(2) Recent Condition of Catchment

Flow section (river course) of debris flow

» River bank has been eroded by the
debris flow, but the erosion depth is
small (base rock are exposed).

» Debris flow deposit are remained in
the riverbed.

» Base rock are locally exposed at the
riverbed, sometime it forms a fall.

» Trace of the debris flow is not so high.
The peak discharge of debris flow
maybe depend on the volume of
landslides.

BO NONG NGHIEP VA PHAT TRIEN NONG THON | TONG CUC PHONG CHONG THIEN TAI
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(2) Recent Condition of Catchment

Deposition area (alluvial fan) of debris flow

> Debris flow deposit are removed, while locally remained in and around the river.
» Cross section of the channel do not have the enough capacity for the debris flow

peak discharge.
» School that locates on the right bank must be protected from the debris flow. This

school can be used for the evacuation facility for the debris flow (not for the flood
of the main stream).
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(3) Policy of Sediment Control Plan
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(3) Policy of Sediment Control Plan

Occurrence
and Erosion

L
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§
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Capturl debrls row
Reduce flow energy,
Erosion Control

Capturing debris flow,
Sediment Deposition, Direction
Control, GUI ing debris flow
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(4) Countermeasure Facilties Plan

If possible (2" Stage) ;

Close type sabo dam (H=10.0m)

- Source of debris flow is the
landslide, capture as possible

Close type sabo
dam (H=5.0m)

Close type sabo dam (H=5.0m)

BO NONG NGHIEP VA PHAT TRIEN NONG THON | TONG CUC PHONG CHONG THIEN TAI

75 | Lap dat thir nghiém héthéng gidm sat, canh bao i quét, sat I& dat | Ha Noi, 05/11/2018



(4) Countermeasure Facilties Plan

Or 01 large dam to caphure sediments?
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(4) Countermeasure Facilties Plan

DIFFICULT TO CONSTRUTION
- Flow section of debris flow
- River is narrow and steep
- No road to access the river
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(4) Countermeasure Facilties Plan

PLANING 2
- Closed camislong, high aost, tch fots of

- Cpendamisshort, lowast;

- Nohouseshave to move, lesseffect onsoaid;
- Hghcost for road, reybe much more then cost
for Sebodams.

Close type sabo dam (H=10.0m)

Channel work;
- Full capacity of planned peak
discharge of debris flow

BO NONG NGHIEP VA PHAT TRIEN NONG THON | TONG CUC PHONG CHONG THIEN TAI
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(4) Countermeasure Facilties Plan

Channel work;
- Full capacity of
planned peak
discharge of debris

Training dyke;

- Change the direction
of debris flow toward
the sediment basin
(left bank)

e

;Lv
3 A R
". t“..

Sl .;Q,:.,ﬂw > SR Lo
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4. CONCLUSION

* Unlike flooding, flash floods on rivers, the debris flow occurs at
valleys/streams with great destructive power, in which rock, mud and
driftwood are the main factors causing disasters on infrastructure,
people and properties. Rock, mud and driftwood must be controlled to
minimize damage.

» The sabo dam prevents riverbed erosion, hillside landslide and a large
amount of sediment flow at a time by accumulating sediment in it.

 According to the experiences of many foreign countries such as US,
Austria, Italy, Japan, China, Indonesia, Malaysia, Sri Lanka, etc., the
sabo dam is the most effective countermeasure to prevent and mitigate
the damage caused by debris flow, but not yet applied in Vietnam due
to limited economic, technical, cognitive, etc.

* Vietnam MARD had been decided to apply Japan Sabo dam design
standard in Vietnam from 2019 to 2024.
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Thank you!
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QOutline of Measures for
sediment disaster in Japan
(Especially for debris flow countermeasures)

October 11, 2019

IMAMORI Naoki
Sabo PlanningDivision, Sabo Department
Water and Disaster Management Bureau
Ministry of Land, Infrastructure, Transportand Tourism
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Sediment disasters in Japan in recent years

3.500 3,459

m Slope failure m Landslide

3.000

2.500

2.000

Nearly 10|years
1.500 (2q08=~2017)

Average 1,106
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Classification of Landslide and

Classification of Sediment disasters in Japan

Cruden and Varnes, 1996 Classification of sediment disastersin Japan

Slope Failure

TOPPLES

SUDES

SPREADS

FLOWS

COMPLEX
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SABO

Why do we classify it in this way?

» Differentappropriate measures should be respectively taken to prevent the

disasters caused by each one of those phenomena.
e Japaneseclassificationcomes from disaster prevention-oriented approach.

Debris Flow Landslide Slope Failure

Measures such as catch Measures such as
damsor debris basinsare groundwaterdrainage,
taken to catch the debris anchorsare taken to
flow. stabilize a slope.

Measures such as
retaining wall are taken to
retain asoil to a slope.

i - =
BRALETIBERSD.
BIDEBIZD
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Examples and Features of Sediment Disasters Occurring

in Recent Years

* In 2018, a landslide that caused enormous damage occurred in Hiroshima Prefecture.

More than 80 people died.
* Inthe upstream region, many debris flows occurred, and the sediment that flowed into

the river was carried downstream and accumulated.
* Asa result, flooding occurred downstream, causing a combination of sediment and flood

disasters.

N

Damage caused by debris floods 38



Laws, organization and budget
for sediment disaster reduction
In Japan
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Three main actions for Sediment Disaster Reduction

Protect human lives/ Conserve assets]

Protect human lives wem regulation ]

Early Warning Regulation
And | And
Evacuation Control

Non structural measures
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Four acts concerning Sediment Disaster Reduction

Sabo Act (Erosion Control Act) [1897]
Landslide Prevention Act[ 1958]
Steep Slope Failure Prevention Act[1969]

Debris flow, landslide and
slope failure Prone areas

Non-contraction measures

* Establishment of Early Warning systems
* Regulation of development activities

* Regulation of building structures

* Relocation recommendations

Potential Debris flow, landslide
and slope failure initiation areas

Structural Measures
* Erosion control work

* Landslide prevention work Sediment Disaster Prevention Act[2000]
* Steep slope failure prevention work

Non-structural Countermeasure \M

» Restrictions on the collection of soil. Sediment Disaster Prone Area
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Laws related to disaster risk management

/ Otherministries

4 muT (- ™

ErsEE

/Sabo Department\ * RiverAct

* Act on Specified
Multipurpose

* Sabo Act Dams
* Landslide Prevention
Act * CoastAct

* Flood Control Act

* Steep Slope Failure * BuildingStandards

Prevention Act
* Sediment Disaster Act
* CityPlanningAct

Prevention Act .
* Meteorological

Service Act

& etc. /

* Disaster Countermeasures
Basic Act

* Act on Special Measures
concerning Countermeasures
for Large-scale Earthquakes

* Act on Special Measures
against Tokyo Inland
Earthquake

* Act on Special Measures for
Active Volcanoes

* Fire Service Act

* Disaster Relief Act

* Act on Special Financial
Support to Deal with the
Designated Disaster of

Extreme Severity /

etC.

~
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Organizations for Erosion Control and Sediment Disaster Reduction

Ministry of Land, Infrastructure, T t and Tourism (MLIT)

Sabo Department Sabo Planning Division

Land Conservation Division

Regional Development Bureau (9) — Office (40%*)

National Institute for Land

& Infrastructure Management — Sabo Department
(NILIM)
QDrefectures (47),
Public Works Department Sabo Division

——— Branch Office

‘Public Works Research Institute| __ Sediment Control

(PWRI) Research Group

-*Works for sediment disasters
93



Budget for Erosion Control and Sediment Disaster Reduction

Annual budget regarding Sabo projects:
about 310 billionJPY (approx. 2.3 billion USD)

MLIT 150 billion JPY
Budget National govt. expenditure 66.7%
Prefecture burden 33.3%

For MLIT’s direct implementation

Prefecture (47) 160 billion JPY
Budget Prefecture expenditure 50%
National govt. subsidy 50%

Subsidized to Prefectures from MLIT

-2019 Japanese Fiscal Year 94



System for implementing acts Based on Laws

- Example of Sabo Act -

* Execution of sabo act is an obligation of prefectures.

* The national government canalso implement the sabo actif the interests of more than
two prefectures are involved.

Determination of Area for Sabo act

B Land subject to the determination

* Land requiring sabo facilities

» Land where certain acts should be prohibited or restricted for flood control and erosion control.
B The designation shall be made by the Minister of MLIT.

v v v

Restrictions Enforcement of Sabo act Maintenance
B Operator B Operator B Operator
* Prefectural Governors * Prefectural Governors * Prefectural Governors
e Minister of MLIT* e Minister of MLIT* * Minister of MLIT*

Involvement of Minister of MLIT

W instructions for sabo act by prefectural governors, if necessary
W Approval for the plan of sabo act

*Casesin which interests are not limited to one prefecture, etc. 95



Structural measures
anad
Non structural measures
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Basic Framework of Measures for Sediment Disaster

Basic Framework Established in 1969 in Japan

Measures for Sediment Disaster

Non-structural

Structural Measures

Measures
Sabo Dam — Hazard Zoning
Retaining Wall — Alerting Information
Pile Work etc. — Regulation of Land Use
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History of Sediment Disaster Management Improvement

1966: Disaster (YamanashiPrf.)

1967: Disaster (Hyogo Prf. etc.)

1971-72: Disaster (Kagoshima)

1972-76: Disaster (Shizuoka Prf. etc.)

1982: Disaster (Nagasaki Prf.)

Q)

N334

1966:

1969:

1972:

1977:

1984:

Introduced Non-structural Measures

Introduced Rainfall Criteria for
Evacuation (Uniform Criteria although
the Nation)

Established resettlement Support
Program

Started Installation of Debris Flow
Prone Torrent Signboard

Developed LandslidePrediction
Method
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History of Sediment Disaster Management Improvement

1999:

2004:

2014:

Disaster (Hiroshima Prf.)

Disaster (Niigata Prf.)

Disaster (Hiroshima Prf.)

(t)

2000:

2005:

2014

Enacted Sediment Disaster Prevention
Act. Pref. Governor was legally obliged
to investigation to designate Sediment
Disaster AlertAreas.

Amended Sediment Disaster
Prevention Act. Mayor was to
disseminateHazard Maps.

Amended Sediment Disaster
Prevention Act. Pref. Governor was
obliged to disseminate Sediment
Disaster Alertetc.
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What is the danger?

- Sediment Disaster Alert and Special Alert Area -

» Sediment Disaster Prevention Law has been enforced as Controlling increases of hazardous
of April 1, 2001.

» Further promotion is needed to designate all hazardous areas

areas, in addition to cooperation by municipalities. \

Designation of @
sediment disaster alert areas

+ Strengthening information sharing and warning and
evacuation system
+ Informing residents of relevant points of warning and

evacuation

Sediment disaster
alert areas (Yellow Zone)

Designation of special sediment Red
disaster alert areas

(Areas with high risks for building damages and Sediment Disaster Special
loss of lives or physical damages) Alert areas (Red Zone)

T HSERER

* Permission system for specified development
activities

+ Targets: Development activities for residential
houses and land sales, social welfare facilities, etc

* Restrictions to building structures (areas other than
urban planning areas are to be confirmed)

* Recommendation for transfer and so on to
buildings with risks of serious damages in case of
sediment disasters Ve

« Securing finances and budgets to those who are ' é",%‘;‘;.‘g,?s%i,"’)“*
recommended to move /
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700.000
600.000
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* Total number of Yellow Zones estimated to be conclusively designated by prefectures as of the end of FY

2019.

Hazard Zoning (Basic Investigation)

About 668,000*

620.063 -
574.58 ; '
532.358 ;
481.556 o
423.021 |
383.493 || B
N I |
™ ) © A ) N
N N N N N )
> > 0 > > 0 <@
& & & & S
(19\
R
<

101



When is the danger?

- Sediment disaster alert -

* Municipalitieswill issue evacuation orders, etc. based on theinformation.
* Residents evacuate basedon evacuationorders, etc.
* The mass media mediates variousinformation from the administrationto the

inhabitants.

Prefectures &

Local Meteorological Observatories, etc.

ﬁ TV, Radio, Internet

L
Sediment disaster alert

v

Municipalities

N A

I TV, Radio, Internet F M — Residents

breaking news, etc.

Evacuation order, etc. E @
«OD) —

breaking news, etc.

Y X
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About Sediment disaster alert

Purpose: To assist mayorsin determining whether to issue evacuation
recommendations/orders, and to provide residents with useful information for
evacuation, duringtimes of elevated danger due to rainfall.

Critical line set based on
past disaster records

High risk

Rainfall forecasted B> Lmiﬁb&(ﬂhéhﬁ S Shohitl SR B4 22 OWRBROSSH R R
A A=,

in the coming 2 hrs

A\

Snake line
(Actual rainfall)

Low risk

Rainfall (60 min)

2 hrs
before Sediment disaster

before o
lert is issued.

Soil water index (Long-term rainfall index)

Concept of Sediment Disaster Alert

e http://www.mlit.go.jp/river/sabo/seisaku/tebiki_r106.pdf
e http://www.mlit.go.jp/river/shishin_guideline/sabo/dsk_tebiki_h1706.pdf 103



Information to supplement the Sediment disaster alert
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Landslide Risk Map
I Extreme risk [Level 4 eq.]
Sy I High risk [Level 4 eq.]
I warning [Level 3 eq.]
Advisory [Level 2 eq.]
Low [ ]check weather bulletin
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Efforts to make disaster prevention weather information more

accessible

To enable municipalities to make more effective use of theinformation provided
by the Japan Meteorological Agency (JMA) through the judgment of evacuation
advisories, the resolution of the landslide disaster warning judgment mesh

information provided by the JMA has been increased from the 5km mesh to a
1km mesh.

Before After

el

i

Landslide Risk Map

I Extreme risk [Level 4 eq.]
I High risk [Level 4 eq.]
I warning [Level 3 eq.]
Advisory [Level 2 eq.]
LOW [ Jcheck weather bulletin
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Debris flow countermeasuresin Japan
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Manuals for debris flow and driftwood

ISSN 1346-7328
[ReFwEe 904§
Fk 28 % 4 A

[E LB R S HF SRR

TECHNICAL NOTE of
National Institute for Land and Infrastructure Management

No.904 April 2016

WOBHEEARHEIRE R (LA - A AT ARt

RSSO

Manual of Technical Standard for establishing Sabo master plan
for debris flow and driftwood

Sabo Planning Division
Sabo Department

Etzcmd E R ST

National Institute for Land and Infrastructure Management
Ministry of Land, Infrastructure, Transport and Tourism, Japan

ISSN 1346-7328
L3 5 905 %
FR 28 # 4 A

E L EAR R A TR B

TECHNICAL NOTE of
National Institute for Land and Infrastructurc Management

No.905 April 2016

A - AR R AR T ARat

ERS YRR IS

Manual of Technical Standard for designing Sabo facilities
against debris flow and driftwood

Sabo Planning Division
Sabo Department

Etzcmd EHERe S BT

National Institute for Land and Infrastructure Management
Ministry of Land, Infrastructure, Transport and Tourism, Japan

Manual of Technical Standard for establishing Sabo master plan for Manual of Technical Standard for design Sabo facilities against debris
debris flow and driftwood flow and driftwood

e  http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0904p df/ks0904. pdf
e http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0905p df/ks0905. pdf 107



A flow from investigation to construction of sabo facilities

Related to Technical
Standards for
establishingthe Sabo
master plan for debris
flow and drift wood

Related to Technical
Standards for designing
Sabo facilities against
debris flow and
driftwood

Sabo research (Desk and on-the-spot researches)

Sabo master plan
(Estimated sediment and driftwood runoff volume)

Sabo master plan (Facility location planning)

Preliminary designing of sabo facility

(Comparison of facilii/ structure and location)

Detailed designing of sabo facility
(Details of structure, design drawing, quantifying)

Site research and surveying
Site acquisition and application for designation as sabo site

Implementation of countermeasure construction

-
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Planning of a sabo facility

The flow of establishing a facility location plan

Determination of the object of protection

Determination of the scale of the plan

Setting of planned reference point

Setting of the estimated sediment and driftwood runoff volume

Setting of the estimated permissible runoff volume

Establishment of debris flow and driftwood disposal plan

Establishment of a debris flow and driftwood countermeasure facility location plan

Establishment of stone removal plan

109



Example of sabo facility planning

- Setting of the estimated sediment runoff volume -

Movable sediment volume

Transportable sediment volume
- The amount of sediment that may

- Transportable sediment volume is

possibly flow out downstream Compare calculated from the estimated-
into the basin by debris flows and scale rainfall as well as the basin
collapse

area and stream bed gradient at
the planned reference point

Regard the smaller one as the estimated sediment runoff volume

Vay12 [
|

Vday11 G

Vg 27 BERAEREELE (md)
Vdy12

RRIERIEELME (m3)

MEEIHWEEFHLED
ELTWDit R

110



Example of sabo facility planning

- Setting of the estimated sediment runoff volume -

[0-3 i B8] [0-2 g es] (0= It |
NI NS
| |

riveey . +H+0
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Example of sabo facility planning
- Establishment of a facility location plan
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Example of sabo facility planning

- Select tyepe of Sabo dam-

* Select an appropriate type of erosion control dam at the site.
* |tis necessarytounderstandthe characteristics of each kind well.

Open type sabo dam Partially-Open type sabo dam sabo dam

113



Notes for selecting type of sabo dam

The lattice is blocked by the boulder thatis concentrated on the head of the
debris flow, and the debris flow is caught.

. Vldeo from the Ieft bank

https://jsece.or.jp/engineering/suirimokei/ 114



Notes for selecting type of sabo dam

Because the lattice spacingis large relative to the particle size of the debris flow,
the blockage structure collapses anditis impossible to keep the trapped state of
sediment, and sediment flow downstream.

g A
e a

. Vldeo from the left bank
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Notes for selecting type of sabo dam

* Some driftwood will be caught, but some floatin the water and flow
downstream.

* Sediment will be caught until the sabo damis filled. In addition, even after
fillingup the sediment, the sediment will be trapped on the upper surface of
the sediment while flowingdown to the downstream.

. Vldeo from the Ieft bank

116



Effect of Sabo dam

Sabo dams caught the debris flow and driftwood, so assets such as houses
downstream were protected.

e ot

Sabo dam caught debris flow and driftwood

ASIA AIR SURVEY CO.,,LTD. 1 17

7 7 AR E=t



Maintenance of Sabo Facility
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System for implementing acts Based on Laws

- Example of Sabo Act -

* Aswiththe implementationof sabo act, the maintenance of facilitiesis a duty
of prefectures.

* The budgets for maintenance and managementareto be prepared by
prefectural governmentswith some exceptions.

Determination of Area for Sabo act

B Land subject to the determination

* Land requiring sabo facilities

» Land where certain acts should be prohibited or restricted for flood control and erosion control.
B The designation shall be made by the Minister of MLIT.

\ 4 A4 \ 4
Restrictions Enforcement of Sabo act Maintenance
B Operator B Operator B Operator
* Prefectural Governors * Prefectural Governors » Prefectural Governors
e Minister of MLIT* e Minister of MLIT* * Minister of MLIT*

Involvement of Minister of MLIT

B instructions for sabo act by prefectural governors, if necessary
B Approval for the plan of sabo act

*Cases in which interests are not limited to one prefecture, etc. 119



Technical standard for maintenance of Sabo facilities

FRNE3A
TR E3A

KEE - BLREBUHEHRLR

B BEBHEBRER

Guideline of establishing to extend the life of Sabo facilities
(Provisional translation) Outline for maintenance of Sabo facilities (Provisional translation)

e http://www.mlit.go.jp/river/shishin_guideline/sabo/tyoujyu.pdf
e http://www.mlit.go.jp/river/shishin_guideline/sabo/tenken.pdf 120



SABO

Removal

After the Sabo dam cough the debris flow, sediment that was caught by Sabo
dam need to remove for the next debris flow.

Before After
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Reform

Sabo damsthat have deteriorated in function need to repaire.
In some case, Sabo dams that have been built accordingto old manuals are
reconstructed.

Before After

image
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SABO

Weeding

It is necessary to mow the grass which becomes an obstacleinthe channelin the
downstream of Sabo dam.

Before After
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SABO

Patrol and Inspection

A patrolandinspectionis carried out to check for damage to Sabo dams, etc.
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Improvement Mechanism

Disaster

Technical
Development

of Disaster
Management




Thank you for

yvour attention!!
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Maintenance and Inspection of River Facilities and Dam
and Upgrade of Existing Dam
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Disaster-prone Country

@ Stream Gradient of Major Rivers o
ein

Rivers in Japan : Steep and
Short l
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Height(TP))
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Disaster-prone Country

Most of the urban areas in Japan

are below the flood river water levels.
@ Crosssection of the Cities

Tokyo (Arakawa River etc.), Japan

Altitude 401 Keihin

Shin-sakagawa River
] Musashino Line
National Route 6

Sumida River
—— Edogawa River
Joban Line

|

+—— Oba River

yase River
: —— Nakagawa River

~|

~— | Sakagawa River

::[;——- Arakawa River
;]
iy
EEE—— A
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Adachi-ku Katsushika-ku Misato City Matsudo City

London (Thames River), UK.
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Disaster-prone Country

Most of the urban areas in Japan
are below the flood river water
levels.

Lower than zero (0) meter

Altitude
P ve0tom
B s 1t00M
I .. less than -1M
B Vater space




Disaster-prone Country

Tone Rlver near Tokyo 1947

: a ) S0y = 9%
A .
o'y
4 . : % .
d
(4
]

1 J
[T ., ' _‘
A R oy

One of the largestrivers in Japan, =
flooding due to Kathleen Typhoon 1947 ~

(just 2 years after the World War 1i). j = e
Eastern Tokyo were widely inundated... s N
y y vt TN N



Maintenance and Inspection of River Facilities and Dam
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River Bank (Embankment)is important !

Kanto-Tohoku torrential rain :
(2015) Wide areas are affected

when the bank collapse.

Tokai torrential rain (2000)
Near Nagoya-City



River management facilities (river structures)

® Various river management facilities are installed in rivers, including
dams, sluice gates/sluice pipes and pumping stations, as well as river
embankment.

| ——
S

-

Drainage pumpihg- stat | 137



Management of river course

® Rivers, which are public property, each have unique characteristics and there are even
different sections in each river.

® River conditions change both in the short term and in the long term due to flooding, daily
water flow and changes in vegetation, etc.

® Those changes are not necessarily uniform, and there are occasionally sudden changes.
=> Conditions should be observed regularly.

~

4 Y4

Deposits of earth Corrosion of riverbed
and sand and riverside

Growth of trees and
shrubs in river
channels

138




Issues of river course/ bank management

® Forms of river channels and banks are constantly changing due to the effects
of water flow, etc.

® Banks are linear structures with extremely long extension, and flood control
functions of a whole section will be lost if even one point has been broken.

® As even a small hole will cause a dike break, the local safety of a series of

banks is regulated.
® Serious damage occurs when the banks of a large river break.

Sept. 2001 Typhoon no. 15 Dike break in Yabe river system
Flooding of Edo River on July 14, 2012

River water surface
level is higher than
house roofs




Dyke breach by overtopping

®Dyke breach due to overtopping (illustration)
River water overtops the bank causes erosion of the foot of the back
slope, made the bank to collapse.

Example: Koyoshi River in Ishizawa river system Bank collapse due to overtopping (flooding in June

Ishizaw

a Riﬁ;
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Dyke breach by erosion

® Dyke breach caused by erosion/scouring (illustration)
Erosion caused by river water develops to the scouring of the foot of bank
slope etc. and lead to the bank collapse.

'
= !
'
= !
"‘ -

Example: Arakawa River in Abukuma river system Bank collapse due to erosion
(Sept. 1998 Typhoon no.5)
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Dyke breach by seepage

® Dyke breach by seepage (illustration)
River water percolates the bank, causing the water level inside the bank to rise, which
weakens the bank and causes it to collapse.

® Dyke breach by piping (illustration)
A pipe-shaped water path is formed inside the ground, and when this water path widens it
causes the bank to collapse.

A
- .
v I,\k\f 5 ;‘-‘ <

- = => = = => @I ¥ - = = = = =
“Water path

Yabe River in the Yabe river system Bank collapsed due to destruction of piping (July 2012)

Yabe River
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Various deformations that occurin banks

Growth of
vegetation

Slope

slippage
during rainfall

Example of
Tone River

Raised by
approx. 1m

Usually most of these deformations gradually expand and become major causes of dike
breaks when floods occur

=» Daily maintenance and managementis important
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River inspection in normal times

River inspection is carried out in
normal times in order to ascertain
the conditions of river

management facilities, etc.

Sometimes PDAs are used to record conditions
observed in inspections as electronic data.
Past records are also displayed immediately.

27




Inspection of river management facilities

® River inspections, checks and observations are performed in order to
maintain facility functions and restore the functions of damaged facilities.

- River inspection (generally watching)
i

1+ River management facility checks

| L
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Preservation Measures for River Management Facilities

® Based on condition monitoring results, carry out repairs, etc., in
order to maintain the functionality of facilities and restore the
functionality of damaged facilities.

Slope gully

. . - r Bank crack repairs
corrosion repairs _ _

Dike crack repairs




Strategic Maintenance/Renewal

Conventional maintenance - SCheduled maintenance”

- Equipment that has a fatal effect on the functionality of facilities if broken, and
machinery for which condition monitoring is currently difficult to carry out.
- Fatal damage is protected against by means of regular replacement and renewal

= | fmi.

according to age

[Target Equipment]
Electronic control devices, and
pump facility shafts, etc.

Control panel

oz

In the future, equipment that tends to deteriorate
that is managed by condition will switchover to

condition monitoring maintenance

Condition monitoring maintenance

Ascertain the damage by means of an inspection,
and prevent fatal damage by carrying out
replacement/renewal at the optimal time
[Target Equipment]
Gates,opening devices, etc.

-."r

Corrective maintenance

Switchover to corrective maintenance
for equipment that does not have a fatal
effect on facilities when broken

Use until there is a decline in functionality,
and derive maximum cost-effectiveness.

[Target Equipment] Operational support
devices, duplexed equipment, etc.

- by 4
X ¢

! | —\ ¢

: J ‘@ O o~ e

o S ST A

ir ",‘

Operational

support devi ‘Fuel'transfer pump




Strategic Maintenance/Renewal

i

Implement countermeasures against deterioration by using highly-durable materials, etc.,
when renewing facilities in order to reduce the total cost of renewal

~ Sluice pipes
Reduce future coating costs, etc., by

replacing deteriorated steel sluice pipe
gates with stainless steel gates.

oy (ISR

& o~ .
e S
z“‘ o ‘4/" | Steel gates

RN

Stainless steel gates

" Drainage pumping stations
Reduce future maintenance costs by
replacing water-cooling on deteriorated
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How Dams Work

Katsura River, Kyoto (Yodo River System)
Typhoon No. 18 in September, 2013

Inundated at Sightseeing Area (Traditional Townscape) in Kyoto

N



How Dams Work

o e

'h-i ,
ood Control

dealing with the flooding
due to Typhoon No. 18 in Sept




How Dams Work

Increasing of Water Demand

To meet the demand of water use
Construction of Large Dams started

Makio-dam

2

2 ";y_’-,-

- 4 = a&
255 Construcfk?n B’yj

[£L

 AEES engineers

Source; JWA ( Aichi Canal Project )
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How Dams Work

Usage and Distribution
of Water (agricultural,
industry, drinking, etc.)

(Legend)

~Dam ™

Yagisawa Dam .

- Canat

Gunma Pref.

Shimokubo Dam
(Saitama, Gunma Pref)

Non-JWA's
Project

Tap Water Works

JWA's

\Alnrlre

[ Agricultural Water |

!

Ai (Example)
Tone&Ara River Basin

s,
¥
>

Tone Canal

Hokusou Toubu Canally

" Kusaki Dam_

Tone Estuary Bama
Chiba, Ibaraki Pref)

Naramata Dam
(Gunma Pref.)

Kasumi Lake Develo
(Chiba, baraki Pref)

Watarase Detention Reséh

(Saitama, Gunma, Tochigi Pref)
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Dams in Japan

v/ On Japan’s land extending over 3,000 km with various climatic
zones, 2,666 dams have been constructed.

2,606 dams by purpose 123 dams managed
by MLIT and
Hydro- JWA Uapan Water Agency)

pow

Industlria
IWate(/r&
supply
Irrigation
45%

Floo
Controft%

WD N



Legal and Institutional Framework in Dam Inspection

@ Legal Classification of Dam Types
River management

__ facilties =~ =000 |lm===—- Managed by
i
__River _ i____. Combined works
Act : (Flood control and water development
1 dams)
Authorized works -==-= Managed by
(water development establisher of dams
dams)
- | River Managed by the
_ACt c_)n Specified management ——--- Minister (directly
Multipurpose Dams | taciiities managed dams)
(Flood control and water development dams managed
by the Minister as a special case of combined works)
Japan Water Specified facilities (River management facilities)
Agency Act

Other water resource development
facilities etc. (water development dams) 24




Legal and Institutional Framework in Dam Inspection

€ Dam Management and Roles (Legal Classifications)

»

Dam
anagemen

i Operation |
|
|

| regulations

Dams as River Management Facilities

- River Act

(River management facility operation regulations)
- Specified Multipurpose Dams Act

(Operation regulations)
- Japan Water Agency Act

(Special cases under the River Act)

- J

&/{ Special Dam Provisions (Water Development)

- River Act
(Special Regulations concerning Dams)

Prevention of Artificial Disasters
occurred by dams

~

H
an



Legal and Institutional Framework in Dam Inspection

» Methods of storage and discharge and high and low water levels as
specified for flood periods and irrigation periods etc.
» Inspection and maintenance of equipment and instruments necessary for
multipurpose dams and multipurpose dam operation.
» Necessary weather and water condition observations for the operation of
multipurpose dams.
» Measures to be taken when discharging.
» Other necessary matters related to the operation of multipurpose dams.
. Specified Multipurpose Japan Water
Rlve!rLAct Dams Act Agency Act
[ Minister] Operation regulations Facility
[Governors]| (Operation basics, operation principles) management

i / | regulations |
[ Director] Detailed operation regulations l
[Manager] ' i

(important matters for operation)

J 1 L Notice preparation
Inspection and Survey and Other procedures
[Chief] maintenance | Mmeasurement ||management | (Dam management
standards standards instructions requirements) 27
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Japan’s Dam Maintenance and Management

v’ The Japan’s first concrete dam, Nunobiki-Gohonmatsu Dam,
has been supplying water to Kobe City over 100 years,

relaying on appropriate maintenance based on technical standards.

The 1st

Gravity Dam [ Rockfill Dam §

Nunobiki—
Gohonmatsu Dam
33.3m height,

built in 1900

[ High Dam]

Maruyama Dam g
98.2m height,
built in 1955

| Kamishiiba Dam
! 110m height, built in 1955

1160



Flood and drought are getting severer.

v Flood and drought are getting severer.

v’ Water management became indispensable for sustainable
socio-economy.

Annual variation of rainfall volume in Japan (1900-2010)

{rmirm) .
2,100 / Trend \ 5 years moving average-—-
P.000
About /1 \
1,650 mm | “°° A
1 800+ Stk Sty istntend | i A
] ) - = s — 1
P
£ oo YV e LI i\ f i Range of
: AT .S
§1_5oo ________ J’ A\ | ILASTL variation
214004 - l-l___ \ ! _has bee_n
= : e, increasing
‘= 1.3004— —Annual rainfall volume |-\ ==szs -
= . Pt T [ #11,560mm
€, 500L| —Byearsmovingaverage \ Annual ramfa]l' s et
S | ool L—Trend volume 1 TTTUee-
c 1, T T T T T T T T T T 1
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Reference : Water Resources in Japan, MLIT (2013)
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Dam Upgrading under Operation

v Remake existing dams effective.

v Solve emerging problems like water shortage and flooding.
(Problems can be found through the dam inspections.)

. Capacity Enlargement @ Capacity Transfer TR
Dam bod Raise dam body | ) [ capaqty
hairnhtnoiny NEW Outlet Floé)da(g?tml FIO;%;:F;"'

€ g g ‘ \ dr|"|ng Water utilization
Increase £F under dam capacity 5
capacity .
/ operation a
\ JAR Adding new outlet

@ Dam Life Extention

é . .. N( : .. : :
New tunnel spillway is installed Sedimentation is controlled by installing
; sediment bypass tunnel

@ spillway Expansion

Increase
discharge
capacity

Dam sluice Gheck dam
Dam

New Iarge cross section ST———
water channel tunnel | ; YIIO
L ) \[Permanent sedimentation measures| channe
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Concept of Dam Upgrading

v Dam upgrading takes smaller cost than newly constructing a dam.
v' Also it affects less on the local community and environment.

Upgrading existing dam Constructing a new dam

Y, N\

__________ Existin f“ LNe
g
Large Cost,
Smaller Cost Severe impact*
’ A

Smaller i t*
maller impac *(e.g.) Newly inundated land,

Substitute roads, Ecosystem
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Enlarging Capacity by Raising the Existing Dam Body

O As the New-Katsurazawa Dam, the capacity of existing Katsurazawa Dam is
enlarged by raising the height

O By slightly raising the dam body (approx. 20%), the total storage capacity of the
resernoir will be increased by 60%._

New Katsurazawa Dam .
- Location: Hokkaido  Capacity
- Purpose: flood control, maintenance of E\Vlargﬁaeme existing _dam body
normal water flow functions, municipal
water, industrial water, hydropower
- Specifications: gravity concrete dam
(New Height 75.5m,
New storage capacity 147.3 million m?)

NewKatsurazawa Dam

,&

Hokkaido S .




Additional Spillway to Increase the Flood Discharge

v" At the Amagase Dam, a tunnel-type flood spillway is newly installed.
v Increases the flood discharge and the flood control function without
increasing the total capacity of the reservoir.

- Location: Uji City, Kyoto : ,
- Purpose: Flood, municipal water supply, hydropower Improving flood control function

- Specifications: Archtype concrete dam Improving water utilization function
Height 73.0m, Total storage capacity 26.28 miIIio m3

=
)

‘ ¢

R '2_.' S 3
3 -4 | 3 )
Gate room
=
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g . .\__..A & <54
De energlzatlon
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Dam Body Drilling Technologies for Dam Upgrading

v" At the Tsuruda Dam, constructing new discharge tunnel through the
dam body to optimize the operation.

v" Installing deep-water structures for re-arrange the active storage
capacities without the restriction on the operational function of the
existing dam.

v" Significantly reduces underwater work, increases safety, and shortens

the construction period.

- .
y <2

o ———. Improving flood control

By Dam Body Drilling

- e // ) . e & generation penstocks funCti0|n
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Dam Life Extension by Sediment Control Measures

v At the Koshibu Dam, sedimentation within dam’s effective capacity is
controlled to extend dam life by installing a bypass tunnel, etc.
v Allows sediment to be discharged downstream.

- Location: Nagano Prefecture Dam Life Extention
- Pu_rpose: Control sed imer_1tation i_n the reservaoir, sediment transport by
improve downstream river environment installing diversion weir and
- Specifications: arch type concrete dam bypass tunnel
Height:105m, Total storage capacity: 58 million m?3
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