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| ntegrated Sediment Related Disaster (Galodo) M anagement

in Limau Manis, West Sumater a?
Bambang Istijon®

Abstract

West Sumatra province with a population of morenta8 million people has
extensive land about 4:23 million hectares, withugged mountainous region with
87% of its area. It has 4 lakes, namely Lake Manini.ake Diatas, Lake Dibawah and
Lake Singkarak, and 600 rivers flowing to the wasdst and the east coast of Sumatra
island. West Sumatra lies on a tectonic plate betwte encounter of two major
continental plates, fracturing the Eurasian plateé Australia, 250 km to the west of
the coastline, and large faults along the Bukitigsar Sumatra. This province also has
four active volcanoes, namely Talang, Tandikek, &peand Kerinci.

Some studies reveal there are 58 rivers that atearly vulnerable to the danger of
debris flow. The last flood of debris flow (galodbappened in West Sumatra, in
headwaters of Limau Manis in Padang, in which tkerrheadwaters in the western
part of the Bukit Barisan. The river was steep #io&s down the west coast of
Sumatra (Indian Ocean). In July and September 28%&aordinary floods in the

Limau Manis river had destroyed about 3,000 hestafdrrigated area and damaged
some infrastructure around the river. In additismmne units of residential and public
facilities had been damaged by flood and four pedd.

Restoration that has been done, namely dredginigneats, groundsill development
and protection of riverbank is one of the post-lamergency actions. Rehabilitation
of public infrastructure, namely the improvementiroigation system, the bridge has
been built to create secure feeling to the commuiMianagement process of debris
flow in Limau Manis river has been carried out be phases of disaster management,
namely emergency response, recovery (rehabilitattomd reconstruction), and
mitigation for the next extraordinary disasterhe future.

Keywords: debris flow, sediment disaster, recovery
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BACKGROUND

West Sumatra has extensive land about 4:23 miliectares, or 2.17% of the total
area of the Republic of Indonesia, more than 4|Bamipeople (West Sumatra Profile.

2010 [1]). The province is located between two majuicenters; the subduction zone
of the Eurasian Plate and Indo-Australian Platelipted located 250 km to the west of
the coastline of Sumatra, Sumatra and major féfatdts Semangko) extending along
the Bukit Barisan mountains. The province also foas active volcanoes: namely

Merapi, Tandikat and Talang. This province has weadsources of 600 rivers. Some of
them disembogues down to the east coast and pist#ynbogues to western island of
Sumatra. These streams are grouped into 5 basinglwreat lakes: namely Maninjau,

Singkarak, Diatas and Dibawah. West Sumatra hasrdotial sea area of 186 500

km2 with a long coastline of 2,420 km, 375 largd amall islands (Figure 1).
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Figure 1. Location of Limau Manis River, PadangyCWest Sumatra, Indonesia

Geological and geographical conditions of this prog has made the potential
disasters area such as earthquakes, volcanic amaptfloods and debris flow,
landslides, storms and tidal wave has called "Sopskets of Natural Disasters". It
also has other potential disasters other than aladisasters caused by humans such as
social conflicts, epidemics and technological aeotd. The potential for this disaster
Is relatively small based on the incident (Figuye 2
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Figure 2. Potential natural disasters in West Starfatovince

In accordance with the mandate of Constitution 1@48D 1945) [2], that all citizens
have the right to obtain protection for themselaed their families, dignity and honor,
the responsibility of the state, and also haveritjlet to get a sense of security and
protection from fear to do something , the Indoaegovernment has issued Law of
the Republic of Indonesia No. 24/2007 on Disastenagement [3] to bring the
constitutional mandate hazards associated with dssster. It includes several
integrated stages such as pre-disaster, duringtdrsand post-disaster that become an
integral part of development plans at nationalyvp@al and local levels. In addition
to this legislation, there are several other lawacerned. Firstly the Law of the
Republic of Indonesia No. 26/2007 on Spatial plagn¥] which requires all spatial
planning from the planning, utilization, managementrol and supervision should
be based on disaster mitigation plan in an efforimprove the safety of life and
safety. Secondly, Republic Act No. 27/2007 on Calamteas and small islands [5] has
special chapter on disaster mitigation in coastdsand small islands.

Based on the potential disaster in this province #me mandate of the 1945
Constitution (UUD 1945), other relevant regulatiomkich in accordance with the



constitution in this province requires mitigatiofioets to reduce the risk of disaster

with concerted and well planned action. Integradetion means that it involves all

people who are included in the overall disastek nstigation planning processes

which are well planned. It incorporates the entlrgaster management strategies in
local development planning.

The condition of some rivers in West Sumatra widep topography that is aggravated
by climate change and geography hilly-mountainows earthquake conditions creates
a high risk of flood, debris flow and landslidess&sters which occurred resulted in
many human casualties and material.

Limau Manis River is tributary of Batang Kurarjet is one of the 23 rivers that flow
in Padang city. This river has a watershed aregl{ogent area / CA) 694 960 hectares
or equal to 1.65% of the area of the province. [Emgth of Batang Kuranji River is
32.50 km and the width of the downstream is 60.0@nah flows from 1,400 m above
sea level to its estuary at the Indian Ocean. & steep river, where 10.00 km in
headwaters is sediment production area, 5.00 kthenmiddle is the transportation
area and 17.50 km in the downstream is the sedatientarea. Flood and debris flow
on 24 July 2012 and 12 September 2012 with thedfltiecharge of 1,045 m3 / sec as
a result of high rainfall, fracture ground by arnrtkquake a few years ago, steep
topography with critical land, water saturated ,sonstable riverside, and the use of
land/area which reduces the capacity river flowe Hood has caused several victims
and damaged houses in Limau Manis river (GunungyiRem housing), damaging 4
units irrigation canal with a total area of 3,008ctares, and also caused 95 houses
damaged, 172 houses were damaged, 271 housesliyetly damaged, 2 educational
facilities and 1 medical facilities, 15 mosques dgpd, landslides which dumped 6
houses in the village of Batu Busuk upstream ofdunvianis and caused four died.

Emergency response that had been done included swowtural and non-structural
aspects in the sedimentation area. Yet it did /nbad not been in the area of
transportation and production sediment area.

Comprehensive flood management plan in Limau Mawer will soon be performed
gradually with the government's priorities.

1. Theflow of surface run-off (Source: Zahrul et.al)

Part of rainfall that flows into the ground will k@esurface runoff and others will
seep into the soil (infiltration). This runoff ibd largest component that contributes
to the production of water during floods. AccordiogHorton (1933), surface runoff
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occurs when intensity of rain exceeds the capauailyinfiltration, while flooding is
one extreme form of surface runoff where the theellef river surface or the
production of river canal (stream) exceeds the aapaf the river

Floods and droughts are natural phenomena whestrérsem systems are not able to
absorb, reserve, and distribute the changes dbfaiiithe systems to the emergence
of peak flow and shorten the time to the peak f{leod). The subsequent effect is
an increase in groundwater during the rainy seagoich reduces production of
water supply during the dry season. The used Rbhddta were taken from the rain
station of Batu Busuk, Mount Nago and Ladang Paiutifall stations located in CA
Batang Kuranji.

Soil texture in CA based geo-morphological map @addhg, Sumatra sheet
(Karnawan, et al., 2004) is generally in the forinsandy clay.

a. Measuring the water flow based on rainfall data.

One way to determine the cause of the debris ffot@ estimate the water flow. A
method that is widely used in Japan is the RatidMethod. This method is very
simple, easy and well-known among other empiricamula. The mathematical
equation is

Q =0.278 CIA;

Q is the peak discharge in m3 / sec; C is the furafficient (0< C< 1); | is the
intensity of rainfall in mm / h, and A is the ruf@frea (km2). Coefficient C is
defined as the ratio between runoff and rainfakmsity. This factor is the most
important variable in measuring the flow of flodthe main factors affecting the
coefficient C are the infiltration rate, slope, dawvegetation cover, rainfall
intensity, soil conditions and characteristics, ugdwater, soil density, and soil
porosity. The infiltration rate will be reduceditfrains for a long period of time
and also be influenced by the previous rainfallsé&dhon the measurements, the
flood flow that occurred in Limau Manis river waaused by rainfall of 319.37
m3 / sec.

b. Measuring the flood flow based on rainfall data.

The Data of water flow in the weir of Mount Naga Batang Kuranji) on July

24, 2012 when a debris flow occured, can be usembeparative data on water
flow measured by the rainfall data. The formuladiise Q = Cd 2/3/2 / 3 gb H3

/ 2; where Q = water flow (m3 / s); Cd = water fleoeeficient (Cd = CoC1C2);



g = acceleration of gravity (9.81 m / s2); b = feak width (m); H = height
during the height (m).

Based on the equation, the data flow in the floach@f Mount Nago is 1,045 m3
/' s (Figure 3).

SEPT 12, 2012 FLOOD AT BATANG KURANIJI RIVER,
LOCATION : GUNUNG NAGO WEIR .

OCCUR AT 5.30 PM, FLOOD DISCHARGE 1,007 M3/S,
HIGH WATER SURFACE 3 M ABOVE THE WEIR;

SAME EVENT OCCUR IN JULI 24, 2012, WITH
1,222 M3/S WATER DISCHARGE,
HIGH WATER SURFACE 4,2 M ABOVE THE WEIR

Figure 3. Wier of Gunung Nago irrigates 3,000 hexsa
2. Causes of debrisflow (galodo)

Debris flow can be caused by heavy rains in CA Wwhi in water saturated

condition because of the previous precipitation,G¥X has a poor absorption
capacity and the runoff rapidly concentrate in® tiver channel. Because of rapid
water flows and the flow of the runoff, debris fldwings rocks, mud from river

bank erosion or sediment in the river, and treenptiuprooted from its place that
will sweep agricultural areas, bridges and housestieams and affect multiple
human casualties.

Debris flow can also be caused by damage to thevhith is cracked by the quake
saturated with water and/or natural dams which gtepiver flow, followed by the
destruction of the dam. It results in water flowimgp downstream at high speed
carrying different size of granules. This naturairdformed by the river flow that
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is blocked by debris flow material from the stee@r that collapsed at the same
time as the wood and tree stumps to the bottlenédke river. Because of this
natural dam damage, materials detained in upstre@ach, as wood, mud, and rocks
will cause this debris to flow.

Formation of natural dam (natural dams).

Debris flow material in the form of mud, stone ooad logs will fall into the
stream and will soon form a dam, or, the materaatied by the water flow and
stop/unobstructed in the narrow river will gradydtirm a dam

The cause of the collapse of the natural dam (®oumReport of the Technical
Advice)

a. Overflow (overtopping): When water in the riverprevented by natural dam,
the water level will gradually increase. Where sieface level has reached the
top level of the dam, the water will overflow aniingltaneously scrape the
material forming a natural dam. Then the dam wiHally collapse. The
uncontrolled water flow will quickly flow and sweexisting materials (galodo).

b. Underground stream (piping): Frequent earthgsiake this area, cause to
produce some land gaps. In such situation of haghfall , the water gets into
the soil and causes soil to erode. If the leakrkashed critical flow rate, the
water will bring a soil particle together, createavity in the ground under the
natural dam, cause the dam to collapse and dinecwvater to the downstream
high-level speed 40 km / h and a large volume.
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3. Mechanisms and factorstriggering debrisflow

Flood with the speed level of 40 km/h is groupet ithree schemes: 1) runoff
caused by a stoppage in the bridge zone; 2) leagffrin the river flow; and 3)
runoff caused by a decrease in river flow capacdysed by the deposition of
sediments.

a. This runoff is caused by a stoppage in the kraiga. This usually occurs in the
bridge area, where a stoppage caused by the bpillges and head bridges.
During the flood the bridge will be clogged by somaterial, so that the flow
will be shifted to the left and right of the bridge out of the river channel. It
also occurs in some bridges along the Limau Manés.r

b. There is Leap/runoff water flow in the river anehich has changed/meadering.
Leap of water flowing out of the groove usually excin meandering region.
One of these phenomena occurs in upstream aréasaf Manis

c. A decrease in river flow capacity due to depasiof sediments results in water
runoff during large water discharge. This conditauturs in the sediment with
< 3% slope.

DISASTER MANAGEMENT (Source: Bambang et.al.)

1. The non-structural measures. Disaster managenesgds to be done mainly is:
mobilizing personnel from a variety of differenegrlents to rescue and evacuate
500 victims; fulfill their basic needs in temporaspelters (relative/neighbors);
providing clean water and sanitation facilitiesdgoroviding medical care to the
wounded and unhealthy, especially for toddlers dhd elderly during the
emergency response established by the Mayor ofnigdda one month.

2. The structural measures. Disaster managemeds rieebe done to protect people
around the river and to prevent the building ovex tiver by the rehabilitating
damaged irrigation systems around 3,000 hectareserwsupply facilities, and
bridge rehabilitation, and normalizating Limau Nsamiver such as dredging,
strengthening edge river with beronjong stone wanad building groundsill with
beronjong wite in several important places and ipuhtilities.

3. To conduct a comprehensive and integrated pignof Limau Manis upstream to
downstream of the Batang Kuraniji river.



DISCUSSION

1.

Classification of land use planning/coveragaare

In 2009, open land (no plants) 17.21 km2; thicke62 km2 (14.76%); farm fields
62.98 km2 (31.30%); secondary forests 67.88 km27@38); and forest plants of
1.28 km2 (0.64%). In 2012: open land 12.66 kmzZkéi 39.54 km2 (6.29%); farm
fields 82.55 km2 (40.98%); Secondary forests 4&&i2 (23.00%); forest plants
0.22 km2 (0.11%).

Based on data from regional land use plan/coveeagea, there is a decrease in
secondary forest cover of 67.88 km2 in 2009 to A&®2 in 2012, forest plants of

1.28 km2 in 2009 to 0.22 km2 in 2012, and the iasirey amount farmland of 62.98
km2 to 82.55 km2 and and also increasing thicke2369 km2 to 39.54 km2. By

decreasing the amount of forest plans and secorfdeggt shift in farmland and

thicket, has led to increase flow coefficient (@daeventually will increase flood

flow (Figure 6).

Cause Flooding
Landuse Map 2009

Classification of Landuse / Coverage Area Classification of Landuse / Coverage Area
2009 2012
Landuse/ No Landuse/ Area Pixel %
No| Landcover Area Pixel % Landcover (Km?)
Km?) 1 2 3 a 5
1 2 3 4 3 1 Cloud 19,94 49836 9,93
1 [Cloud 22,14 55356 11,01 2 |OpenLand 12,66 31651 629
2 |OpenLand 17,21 43019 8,55 3 Bushes 39,54 98849 19,65
3 |Bushes 29,69 74228 14,76 4 Farm/Garden 82,55 206130 40,98
4  |Farm/Garden 62,98 157445 31,30 5 Secondary Forest 46,27 115675 23,00
5 |SecondaryForest 67,88 169771 33,74 6 Primary Forest 0,22 539 0,11
6 |Primary Forest 1,28 204 0,64
201,18 [502963 100 20118 100

Figure 6. Land use at CA Limau Manis (Source : dhét. al.)
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2. Water Container

Analysis of water containers showed that many pegldiccured in CA Limau
Manis. In 2009, the area of the water reservoir whkmz2, and in 2012, it increased
to 20 km2, which could be a puddle in the fieldsmothe natural pools of upstream
CA. Because of this location, a container of watahe far Limau Manis upstream,
most likely a container of water in a natural dam.

The flow of the floods on July 24, 2012: Based loa level of rainfall, flood flow
calculation result is 319.37 m3/sec, while the wétav in the weir of Mount Nago
on flood peak is 1,045 m3/sec, showing a diversity25.63 m3/sec. Debris flow
725.63 m3/is largely derived from a puddle in thmstteam region caused by the
collapse of a dam. Because the material that famsatural dam comes from the
deposit landslides, it is one of the causes ofdileg with a brownish color that
contains sediment mud.

The flood flow on 12 September, 2012: Based onl¢kel of rainfall, the results

calculation of flood flow is 675 m3/sec, while thater flowing stream in the weir

Mount Nago at the flood peak is 631 m3/sec, (alntbetsame as the previous
floodwaters in July 2012).

3. Potential sediment disasters

Based on both temporary observations and aerol\ssuzey after the flood, surface
water contains sediment which might impact the shre¢he hills and the upstream
section of Limau Manis. The posibility of repeatembding will continue because of
the high rainfall intensity and cracked ground ealy the previous earthquake. So
that research and further studies should be caouéed

4. Based on the above analysis it is concludedttteadebris flow on that date was
caused by several factors:

a. There were some shifts in the primary and semgnfiinctions of forests into
agricultural land and thicket

b. Soil conditions were rough and shallow, unstalnlé cause landslides.

c. The high levels of rainfall in CA reached 165 nfidatu Busuk station) for 6
hours.

d. The Establishment of a natural dam caused alpuddhe upstream of Limau
Manis.
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e. saturation levels of soil were relatively sausito erosion after rain that occurred

on the previous day.

f. Seismic events resulted in a gap in the updeyr il CA
g. The collapse of natural dam caused the inalmfityater to block the water flow.

h. Settlements in the river flow causes the flom#morow and reduced the capacity

of flood flow

5. Policies and strategies

a. Disaster management of debris flow that has beaducted includes emergency

response and recovery. Emergency response is tangpamd conducted in each
area to protect people from the immediate impacthef disaster. This step
includes fixing the morphology of the river to inope the river flow in order not
to endanger the people around the river. The imgr®t includes: scours around
the bridge, shape alteration of the river flowesdtion of river width due to
errosion, bridge construction, irrigation and otpeblic infrastructure.

. Management of sediment integrated disaster dhimeilapplied from upstream of
Limau Manis to downstream of Batang Kuranji, bottiugtural and non-
structural. The control of debris flow in the fowh structures is in the form of
construction Sabo series with the following créeri

1. Type of Slit-dam is a dam that is most suitdblesediment production area
with 6% of slope watersheds.

2. Chek-dam or dam consolidation is the best dathensediment transportation
area by slope watersheds between 3-6%.

3. Channel-works and flow control are the bestansito maintain the stability of
the river flow in the deposition area with a slepetershed lower than 3%.

RECOMMENDATION

1.

It is necessary to conduct the integrated manageroerdebris flow (from

planning) from upstream to downstream. It is fulcommended to plan the
upstream structure in in the sediment productiea g> 6%) applying cekdam-
gap type; for transportation from sediment ardaefiveen 3-6%) applying cekdam
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of consolidation type, and for the deposition aegplying boxes/channel to
maintain the stability of river flow.

2. Development of sabo-dams, groundsill, river normaion, canalization and
refinement around the hillside is urgent. The cat$ton should be prioritized
through national governments, provinces and dtstric

3. Forest management needs to be performed compregBnky banning on illegal
logging which will degrade the natural functions fafrests, and vegetation
conserfation in accordance with the support ofetmaronment.

4. Controlled spatial interior and construction pernsitneeded to be conducted
because there is a residential complex built ieipial areas flooded.

5. CA Management is necessary to be conducted withigstiation in critical dry land
by applying soil and water conservation techniques.

6. It is also a must to strengthen the functions shslier management agencies to
carry out socialization more effectively.
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