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HEADWATER PHENOMENON AT MOUNT JERAI -
18 AUGUST 2021

On 18 August 2021 around 2.30 pm, heavy rainfall occurred in the northern region of
Peninsular Malaysia covering the states of Perlis, Kedah, Penang and Perak

Unusual rainfall intensities at the top of Mount Jerai (Total rainfall: 281 mm in 6 hours
exceeding 70-year Average Recurrence Interval (ARI))

The daily rainfall reading at Gunung Jerai Station on 18 August 2021 is above the average
monthly rainfall

Serious flooding incidents were reported at several areas in Kedah (Yan, Kota Muda,
Gurun), Pulau Pinang (Balik Pulau, Seberang Perai Selatan) and Perak (Kerian, Selama,
Larut Matang, Mualim)

The rapid flow has swept away logs, boulders and debris which stucked at bridges causing
the river to overflow into nearby settlements (Kampung Tupah and Taman Tupah)

The morphological factor of Mount Jerai (Old dormant landslide) contributes to the
frequency of landslide events

Source: DID (2021). Floods report in Kedah



DISASTER LOCATIONS
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Headwater
phenomenon
recorded at Tupah
Water Treatment

Plant (SADA),
Kuala Muda
District on 18
August 2021

Source: Syarikat Air Darul Aman Sdn. Bhd. (SADA), 2021




RAINFALL

RECORDS ON 18

AUGUST 2021

Maximum rainfall | 2hOUF 1865 880

records (mm) for rainfall
stations at Mount Jerai
and Singkir Genti
18 August 2021

Source: DID (2021). Floods report in Kedah



A\

Headwater

Collapse

HEADWATER
PHENOMENON

Headwater Schematic lllustration (JICA, 2007)

Headwater is the rapid movement of fragments of rocks/ 3 Headwater has a high velocity (i.e: velocity increase gradually due
boulders/ soil/ mud/ logs mixed with water along a river to gravity and at steep slope area)

Headwater occur when weakened soils were loaded or
disturbed and saturated with water flowing down a slope with
response of gravity. Therefore, flows usually begin from
upstream in mountainous areas

It leads to significant morphological changes along the river bed and
mountain slope. Headwater oftens reported to cause loss of lives
and damage of properties



WATER Total rainfall= 281 mm (6 hours)

QUANTITY  Estimated water quantity:
ESTIMATION 6 197 631 m?

~ Can fill 1/4 Klang Gate
Capacity

~ 2479 x Olympic-size

swimming pool




Estimated Force for a total of 50
IMPACT OF boulders (~ 1 meter Iin diameter
DEBRIS FLOW with a mass of 2691kg, moving
with a velocity of 14 m/s)
~471kN

~ 3 x iImpact of trailer collision (Weight with

Load =50 ton moving with a speed of 50
km/hr)




SITE VISIT-INITIAL OBSERVATIONS
FROM 27 TO 28 AUGUST 2021
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LAND AND RIVER MORPHOLOGY CHANGES
DUE TO HEADWATER PHENOMENON

TITI HAYUN RECREATIONAL FOREST, YAN TUPAH RECREATIONAL FOREST KUALA MUDA DISTRICT
DISTRICT, KEDAH Source: DID Kedah, 2021 KEDAH

Source: NAHRIM, 2021




POST DEBRIS F ONDITIONS
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IMPACTS OF
DEBRIS FLOW
AT PUTERI
MANDI
WATERFALLS

TITITHAYUN
RECREATIONAL
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To review and study on the Sabo Technology applied in
foreign countries such as Japan, Indonesia, Nepal and the
Philippines

To recommend type of Sabo Dam Technology which aim

to mitigate disaster due to headwater/ debris flow
phenomenon and to prevent erosion and sedimentation

To prepare appropriate conceptual design of Sabo Dam at
Yan and Kuala Muda District




3  PROPOSED SABO DAM CONSTRUCTIONS

DEFINITION OF SABO DAM

FUNCTION AND APPLICATION

TYPE OF SABO DAMS

MAIN COMPONENTS OF SABO STRUCTURES
APPLICATION IN FOREIGN COUNTRIES

SABO FACILITIES IN MALAYSIA

CONTRIBUTING FACTORS FOR DAM SITE SELECTION
PROPOSED LOCATION FOR SABO DAM CONSTRUCTION
DATA COLLECTIONS AT SITE

vV V V VYV V V V VYV VY



vThe word SABO originated from Japanese
languages “Sa” and “Bo” which means erosion
and sediment control works

DEF”\”T'ON vThe term SABO means a reaction of rocks and

Ol: SABO sands which bringing the efforts of land and soll
erosion control at mountainous areas; protecting
DAM humans and infrastructures at downstream in

particular from the treat of erosion and
sedimentation disasters.

v'There are two (2) types of Sabo Dam namely Open
Sabo Dam and Closed Sabo Dam.




To trap erosion/
debris flow till
discharge decreased

To decrease erosion/ debris
flow rate

FUNCTION
AND
APPLICATION

To serve as a sediment settling
zone

To guide the flow in
preventing the spread of
erosion/ debris flow

To control erosion/
debris flow

When a large-scale of debris flow
occurs, sediments/ rocks/ boulders will
be trapped and temporarily hold at the
back of Sabo dam to avoid headwater
or debris flow disaster at river
downstream

Sabo Dam allows sediments to
flow from upstream to
downstream  during  normal
conditions




Advantages of Sabo Dam: ()  Datatrom Japan

v  Avoid headwater/ debris flow » Japan has installed more than

phenomenon 50,000 Sabo facilities since
v Control logs, rocks, boulders and 1897 with the introduction of
sediments flow the SABO Act
v' Stabilize river banks and bed Overcome an average of

v" Preserving slope and biodiversity 1,000 incidences of erosion

v Save lives, minimize property and landslides each year
damages and protect the

environment




TYPE OF SABO DAM
OPEN SABO DAM

v'Water flow through holes or
opening/ slits and large pieces of
soil/ rocks/ logs will be retained

v' This type of Sabo Dam slow
down the flow of high volume
water

v Typically constructed at
upstream and mountainous area

Example of Open Sabo Dam (Segawe) located in Indonesia
(Source: Utusan Malaysia, 2021)

Front view of Sabo Dam structure Front view of Sabo Dam structure

PN N

River flow Open Sabo Dam with holes/ openings River flow Open Sabo Dam with slit




EXAMPLE OF OPEN SABO DAM

S~ e E Open Sabo Dam at Kali \Wore; Kabupaten. Klaten, Central Java,

T ; : .
Open.SaboDam at-Mount Merapi, Indonesia Indonesia

Mag@tang; Central Java; Indonesia -

Bam
L B

Open Sabo Dam at Mount Merapi, Indonesia
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Open Sabo Dam at Ishigawa, g Open Sabo Dam at Nagai
Japan R River, Japan

Open Sabo Dam at Hyogo,
Japan




CLOSED SABO DAMS

v'Water will flow through the top of the dam and erosion/ sediment/ debris will be
trapped

v'Closed Sabo Dam filled up very fast and need frequent and good maintenance
Works

v Typically built at river downstream
v'Functioning like a check dam

Front view of Sabo Dam
structure

River flow

Closed Sabo Dam



MAIN COMPONENTS OF SABO STRUCTURE

v'Comprises of two (2) main components which are main components and
supporting structures:

v'"Main components:
1. Spillway

3. Drain hole
4. Main dam

v'Supporting structures:
5. Apron —

/. Sub dam




APPLICATION IN FOREIGN COUNTRIES
-SABO DAM IN JAPAN

@Sabo dam @ Hillside work

To prevent collapse of the hillside and
sediment outflow to recover the growth of
plants and trees through end dam
construction, draining work and planting.

Controls sediment outflow from upstream
(adjustment function) and prevents collapse and _—
erosion of the river bed and sides, preventing )
damage to the downstream area.

Hillside planted with Pine trees

e S 2 Shiraiwa Sabo Dam : .
@ Mountain stream conservation work

Control of turbulent flow and drift to
prevent erosion of the river bed and side by
combining groundsill work and revetment
work in the alluvial fan.

@ Sabo dam (Transmission type erosion
control dam)

Having an adjustment function by flowing
out the sediment with small and medium
sized particles, capturing sediment
containing large stones and driftwood at the
time of massive flooding.

o B e

Erosion Control Facility
Created by the Sabo Department, MLIT

=% Ohtanasawa No.2 Sabo Dam

® 4 Groundsill work for the Otani River




Conversion of sediment
transportation mode

Debnis flow

Bed-load ‘/ _
— fransport =
rosion control lCollapse of e

valley wall

Scour of streambed

Storage of sediment edimentation line at the time of flood

- &

Sedimentation line at the normal time
Volume of control

Control of
sediment load

_ | Grading of
sized grain grain size

Various functions of Sabo Dam (Tsukamoto and others, 1991)




APPLICATION IN FOREIGN COUNTRIES
-SABO DAM IN INDONESIA

In Indonesia, Sabo technology was first introduced by
the Japanese expert, Mr. Tomoaki Tokota (1970) to deal
with the lava flooding issues in volcanic areas

Debris flow originated from headwater will be trapped
during heavy rainfall events

There were a total of 264 Sabo Dams built along volcanic
areas with various functions (Kompas.com, 2020)

Others Sabo Dams constructed in Indonesia are located
at Mount Kelud, Mount Agung, Mount Galunggang and
Mount Semaru

In non-volcanic areas, Sabo Dam is built to control
erosion and sedimentation issues such as Bengkulu,
Dieng and Waduk Mrica

Source: Kompas.com. (2020). Mengenal Sabo Dam, Solusi Penanggulangan Banjir Lahar Gunung Merapi. Retrieved
August 27, 2021, from https://www.kompas.com/tren/read/2020/11/22/190500965/mengenal-sabo-dam-solusi-
penanggulangan-banjir-lahar-gunung-merapi-?page=all




APPLICATION IN FOREIGN COUNTRIES
-SABO DAM IN NEPAL

v In Nepal, Sabo dam was first built in 2006 in the Himalaya
Mountains which experienced landslides frequently as a
results of soil movement and water flows in mountainous
regions

v Sabo dam serves to protect the river downstream areas
where human settlements and urban townships are
normally located

v' Apart, Sabo dam helps to protect Marsyangdi Power
Station in Ruwa Khola and the highway bridge

v" The effectiveness of Sabo Dam was proven when the
highway bridge and nearby settlements were safe during
2006 floods

Source: Adhikari, B. R. (2008). Application of SABO Technology to Control Debris Flow and Landslides: Experience
from Mugling-Narayanghat Highway Disaster, Asian Disaster Reduction Conter March 2008. Retrieved August 27,
2021, from https://www.adrc.asia/publications/ TDRM2005/TDRM_Good_Practices/PDF/PDF-2008e/6.Nepal.pdf




APPLICATION IN FOREIGN COUNTRIES
-SABO DAM IN THE PHILIPPINES

v Sabo Dam Pilot Project in Santa Fe River is built in
Santa Fe River and it is the first Sabo Dam in the
Philippines the Department of Public Works and
Highways (DPWH) in 2010

v JICA experts have been providing the technical
guidance needed to the DPWH counterparts from the

planning, design, and construction stages in order to "
c < & FEYLE o ‘z:."

effectively carry out the essence of technology transfer GO D™ »

v . Sabo Dam can effectively control sediment
transportation, prevent riverbed aggradation and help to
mitigate water induced disasters (such as floods) as
well as to reduce damages to properties, livelihood and
human lives

Conceptual Design of Sabo Dam Pilot Project in Santa Fe River

v' The Local Government Unit on the other hand
envisioned that the Sabo Dam will become a famous
landmark as the site will be developed as a mini park for
recreational purposes

Source: Japan International Cooperation Agency (JICA). (2010). Sabo Dam Pilot Project. Retrieved September 1, 2021, from :
https:/iwww.jica.go.jp/project/english/philippines/0600933/news/general/100616.html Sabo Dam Construction in May 2010



SABO FACILITIES IN MALAYSIA
-FIRST PROPOSED IN 2018 AT MOUNT KINABALU, SABAH
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The construction of dams using Sabo technology was first proposed in Malaysia to block debris (boulders) from Mount Kinabalu in 2018 due to
the need to take into account on the requirements of earthquake -related specifications.

It is important because Mount Kinabalu is still active with continuing minor/ small earthquakes, even though its location is far from the Pacific
Ring of Fire.

The collapse affected the low-lying areas such as Kota Belud, especially the Kedamaian River.

During the proposal in 2018, two (2) Sabo Dams were proposed to block the debris from the top of the mountain and if the project goes ahead, it
will be the first Sabo dam in Malaysia.

The proposed area is 200 to 300 meters in length within the valley of two hills of Mount Kinabalu and estimated to cost RM30 million.

In the plan, the Sabo Dam is designed to reduce debris flow from continuing to flow into low -lying areas such as Kota Belud via the Kedamaian
River. The debris flow will be accumulated at the top of the dam.



PROPOSED SABO DAM AT FOOT OF MOUNT KINABALU

1. Debris from Mount Kinabalu 2. Proposed Sabo Dam within the 3. Debris flow carrying boulders and
flow towards low-lying area via valley of two hills of Mount sand will be accumulated in the
Kedamaian River Kinabalu to block debris flow into ~ UPstream of Sabo Dam while allowing

Kedamaian River to flow through low-
lying area in Kota Belud

Kedamaian River

Mount

nebal ~

Proposed Sabo
Dam

‘.

Allowing
Water Flow

Source: Berita Harian. (2018). Empangan Sabo sekat sisa runtuhan. Retrieved August 27, 2021, from https://www.pressreader.com/malaysiaé,téerita—harian-
malaysia/20181228/281711205767838



CONTRIBUTING ° Straight river channel
FACTORS FOR  *Wide river channel
DAM SITE ° Steep river bank
SELECTION ° Soil that has good bearing

capacity
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DATA COLLECTION BY NAHRIM
(River geometry, veIOC|ty, grab sample and morphologlcal changes)
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ELECTRICAL RESISTIVITY TOMOGRAPHY ( ERT ) at GUNUNG JERAI
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4 WAY FORWARD



Establishment of Integrated Management
and Monitoring Plan in managing
headwater phenomenon in Forest-Eco
Park and State Forest Park with the
following safety recommendations:

* Install signage — Warning for headwater
incidents in Forest-Eco Park and State
Forest Park

* Install reliable and accurate forecast and
real-time warning system in Forest-Eco
Park and State Forest Park

* Install monitoring system such as soil
movement sensors and CCTV
surveillance in key areas

* Develop Debris Flow Forecasting and
Warning System

» Establish mutual and holistic Task Force
Group in headwater phenomenon
monitoring strategies




HEADWATER PHENOMENON
DUE TO HEAVY RAN
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carries with lt
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that collides with
anything in its
path.

Many rivers in
Malaysia are
at risk of this
phenomenon

Source: NAHRIM director-general, Datuk Dr Md Nasir Md Noh

heavy rainfall
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= Soil breaking up
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Formulating an
integrated
management &
monitoring plan for:

= Forest eco parks
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i 2 metres in just
¢ 5-10 minutes
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CCTV surveillance
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NAHRIM: National Hydraulic Research nstitute of Malaysia | CCTV: Closed-gfffliftclevision
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Strategic cooperation with Government of Japan through Embassy of Japan and collaboration with
Ministry and agencies in Japan and Malaysia for technical support as follow:

1 Ministry of Land, Infrastructure, Transport and Tourism (MLIT), Japan Ministry of Environment and Water (KASA)

2. Japan International Cooperation Agency (JICA) Department of Irrigation and Drainage Malaysia (DID)
3. Sabo & Landslide Technical Center, Tokyo Department of Mineral and Geoscience Malaysia (JMG)
4. Disaster Prevention Research Institute (DPRI), Kyoto University Forestry Department Peninsular Malaysia (JPSM)
5. Tsukuba University Malaysian Space Agency (MySA)
5. Public Works Research Institute (PWRI) National Water Research Institute of Malaysia (NAHRIM)
6. National Research Institute for Earth Science and Disaster Resilience University of Technology Malaysia (UTM)

(NIED)

7. Nippon Koei, Ltd. Malaysia-Japan International Institute of Technology (MJIIT)
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